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Channel Change and Bed-Material Transport in the

Umpqua River Basin, Oregon

By J. Rose Wallick, Jim E. 0’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 km? 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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A. Bunch Bar, FPKM 62.4 B. Near Elkton Elementary
School Bar, FPKM 70.8

C. Near Elkton Elementary
School Bar, FPKM 70.8

Tidal
Reach

J. Bedrock rapids, FPKM 137.5

D. Altered Giants Bar, NUFPKM 35.7

1. Coles Valley Bar,

FPKM 154.8 Garden
Valley
Reach
North
Umpqua
Reach
H. Bar near Dillard, OR
E. Upstream of Shorts
Quarry Bar, NUFPKM 18.2
Roseburg

Reach

G. Lawson Bar, FPKM 230.1

Days
Creek
Reach

F. Days Creek Bar, FPKM 250

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 Umpgua 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 | analysis shows no
clear evidence of adverse channel or flood-plain conditions, a
Phase Il analysis may be initiated to provide more information
relevant to permitting decisions. For the Umpqua River, the
Phase | 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 Il 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.



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 km? 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
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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 km?), Elk Creek
(756 km?), and the Calapooya Creek (637 km?) (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 km?) and
Steamboat Creek (425 km?2), 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 km?2), Myrtle
Creek (308 km?2), Cow Creek (1,292 km?2), and Jackson Creek
(490 km?) (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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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 Umpgua 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.



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).

The Umpqua River

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).

7



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

0102¢-10-10

‘uoBaiQ ‘uiseq Janly enbdwn ays ul suonels buibeh-mojjweais Asaing |eaifojoag " paloalas Joj abieyasip Ajlep ues|y  “ ainbig

aleq
000Z-10-10 0661-10-10 0861-10-10 0/61-10-10 0961-10-10 0561-10-10 0v61-10-10 0€61-10-10 0¢61-10-10 0161-10-10 0061-
(sdarawofny |
alenbs y| || S108)je) 837 0jOWaT
pue ‘sbuidg epog ‘aaieyo] —
| swe( 911199|80JpAH |
'09) J8MO{ 9141984 O UOI}INISUO)
— siajawo|n| atenbs |gy'e Jo eale Bunngluog i
- 181SaYauIp 18 Janly enbdwn yuoN .
| | | | | | | | | a
z.‘ .§ _ v 4 T T T
Yy T T Ty YTy Ty YT Ty Yy YTy i )
B siajawoyy asenbs gg|’| Jo eaie Bunnguiuoy T
— Jaj|1L 1e Jaaly enbdwn yinog 1
C | | | | | | | | | 9]
TRUUITINTY ; e
B (s1e3awoyy 81enbs y°z61 s1a18Wo|1y| a1enbs Gzg'y Jo eale Bunnquiuo) N
L S1084je) JI0AIBSBY Aemya01g Jeau sty enbdwp yinog _
a]|1AS8]B g JO UDNIINJISUO) g
| | | | | | | | |
TR TR T 2% g :ézgééég
B sJalawo|n| alenbs ggg'e Jo eale Bunngriuoy N
pooi4 +961 uopy||3 Jeau 1aay enbdwp) 174

10-10
0

009
000'L
005l
000
005
000
005°€
00
00v
009
008
000'1
00Z'L
00t'L

009

000°L
005'L
000C
005
000°¢

000C

000'%

0009

0008

puoaas Jad siaaw 21qna ul ‘abieyasip Ajiep ues|y



9

The Umpqua River

0T0Z—1756T 19)SaYOUT
yoeal '6C—€T6T Te Jsnly
66S‘'€ 60€C 688'T 95T L00'T G00°'C 6vS°C 8ve'y T87'€ 90T enbdwn YUON  §'TINIIAANN  ‘€T-806T  00S6TEYT enbdwn yuoN
Sayoeal
abuey
1se0) pue uopf|3 1e
¥80°'L €897 G88'€ 099C 99T'C GI8'Y 98.'y G0S'L 6€5'6 01¢ AejleA uspres  L¥8 INDIdA  0TOZ-S06T 000TZEPT J8Ary enbdwin
0T0C—¢v6T Kemxpoolg
'92-€26T 1eau Janry
T.V'E€ 82€C 926'T 26T €E0'T ¥9T°C 19T°C ovs'e Gee'y 8L yoeas Bingasoy €661 INMdd  '2T-G06T  000ZTEYT enbdwn ynos
yoeal 0T0Z—6€E6T 1911 1B JaAIy
V9T €96 €9, 18y  LLE G568 €0€'T G0L'T €9T'T 6¢ yeauD sRe@  €LTINMdA  ‘TT-0T6T  00080€YT enbdwn yinos
9661 (S/;)
1eal gL 1eak g Jeahg iealgz ieakgy 5002 laquiaaaq v961 (zum) goummmm—
laquadaq _ laquiadaq vale yoeas Apms pi023l ‘oN aweu
1aquianoN sieal 191em uoneso]
abeureig Buipuodsaiion : jo pouad  uonels uonels
AW\mEV Aw\m——; Moj} |enuue
apnyuBew poojy [eAla)ul aouaLINdaY SMOJ} ead uesiy

[puodss 1ad Is1aw 01N S W 1181801 d1enbs ‘,uny txojowolny urejd-pooy enbdurn) YION ‘INSIdANN 1o1owolD] ure[d-pooy ‘AN :SuoneIsaIqqy suonels buifed
-MOWBALS [[B 10] S[qR[IBAR 210M BJep udym poliad 10J paynduwiod mop [enuue uedJp ([86] [IOUN0D) SIIINOSIY 2B\ "S'[]) SAuI[PpINg g/ ] una[ng Suisn paje[nd[ed IpNIUSeul POO] [BAIIIUI IDUILINIIY ]

"Apnis siyp ui pasn suopiels BuibeB-mojjwea.is Asaing |eoaibojoag 'S | 9|qeL



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

8,000

1964 Flood
A.  Umpqua River near Elkton oo

7,000 9,538 square kilometers

6,000

5,000 — 10 year flood

4,000

3000 |2 year

flood

- B. South Fork Umpgqua River near Brockway Construction of Galesville
4,325 square kilometers f Reservoir (affects
192.4 square kilometers)

_"N

2,000
1,000

g 1111 T

4,000
3,500

—-—
—

Illmlllll

3,000 —
2,500 —

2,000

1,500
1,000

500

LA

-

0 - C. South Umpqua River at Tiller
1750~ 1,162 square kilometers

e

iR

0 Loooo LU

2,000

1,500

1,250

Annual peak discharge, in cubic meters per second

1,000 10 year flood

750
500 | _2vearflod

o

North Fork Umpqua River at Winchester
3,481 square kilometers

250

—_—
—_—
e
=
e
e

5,000
4,500

4,000
3,500
3,000
2,500
2,000
1,500
1,000

500

Construction of Pacific Power Co.
Hydroelectric Dams

Toketee, Soda Springs, and Lemolo Lake
(affects 1,114 square kilometers)| |

10 year flood

... N

o Lo
[==]
D
—

I

Figure 5. Annual peak discharge for selected U.S. Geological Survey streamflow-gaging stations in the Umpqua
River basin, Oregon.

-
e
=

o

o
=g Lo
D D
—

—

1900
1905
1920

o [=]
N ™
(=21 (=2
— —

1955
1960
1965
1970
1975
1980
1995
2000

193

1940
2005
2010

o
—
D
—

1915
1990

Water year



Because channel morphology and bed-material transport
is strongly affected by flood magnitude, streamflow records
at 11 USGS streamflow-gaging stations in the Umpqua River
basin were examined to evaluate temporal trends in peak flows
(table 2). Although more than 70 streamflow and crest stage
stations have historically been operated in the basin, only 11
had records extending at least 25 years with minimal flow
regulation (defined here as basins where less than 10 percent
of the contributing area is regulated by dams or bypass
canals). With the exception of the Umpqua River near Elkton,
most records begin in the 1940s or 1950s. For most of these
sites, peak flows had a decreasing trend during the period of
analysis. On the basis of a two-tailed nonparametric Kendall’s
tau test with a 5-percent level of significance (p <0.025 and
p>0.975) the trend was statistically significant for 4 of the

The Umpqua River 1"

11 sites, including West Fork of Cow Creek near Glendale,
Lookingglass Creek at Brockway, North Umpqua River at
Winchester, and Calapooya River near Oakland (table 2). The
South Umpqua River near Brockway site had a p value of
0.03, which was nearly significant (table 2). This decreasing
trend in peak flow mainly is due to long-term climate cycles.
Most of these gaging stations began operating during the

cool, wet period along the Oregon coast from 1946 to 1976;
however, since 1976 the climate has been warmer and drier,
although some shorter periods of cool/wet years have occurred
since 1976 (Oregon Climate Service, written commun., 1999).
The Umpqua River gaging station near Elkton has the longest
flood record (104 years), resulting in this record spanning
multiple dry (including the 1920s and 1930s) and wet cycles
and thereby having no significant overall trend.

Table2. U.S. Geological Survey streamflow-gaging stations in the Umpqua River, Oregon, used in peak flow analysis.

[p value from two-tailed, nonparametic Kendall’s tau test to evaluate whether historical declines in peak flows are statistically significant; significance level set
at 5 percent (p<0.025 or p>0.975). Abbreviations: km?, square kilometer; m, meter; <, less than; >, greater than]

. . Period of Drainage Gage Mea_m
Station Station . Number p . basin
analysis area elevation .
name No. of years value 2 elevation
(water years) (km?) (m) (m)
South Umpqua River at Tiller 14308000 1940-2009 70 0.29 1,163 302 978
Elk Creek near Drew 14308500 1955-2009 55 0.26 141 390 878
West Fork Cow Creek near Glendale 14309500 1956-2009 54 0.02 225 310 738
Lookingglass Creek at Brockway 14311500 1956-1987 32 0.00 409 165 418
South Umpqua near Brockway 14312000 1942-2009 68 0.03 4,325 141 698
North Umpqua River above 14316500 1950-2009 60 0.21 1,230 482 1,472
Copeland Creek near Toketee Falls
Steamboat Creek near Glide 14316700 1956-2009 54 0.09 588 344 945
Little River at Peel 14318000 1955-1989 35 0.08 458 252 860
North Umpqua River at Winchester 14319500 1954-2009 56 0.01 3,481 114 1,006
Calapooya Creek near Oakland 14320700 1956-1980 25 0.01 544 113 415
Umpqua River near Elkton 14321000 1906-2009 104 0.88 9,539 28 747
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Description of Study Area

The study area encompasses the downstream
semi-alluvial sections of the North Umpqua and South
Umpgua 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. I,
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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Table3. Geomorphic and channel characteristics for reaches in the Umpqua River basin, Oregon.

[Abbreviations: FPKM, flood-plain kilometer; km?, square kilometer; m, meter; m?, square meter, m*/m, meter squared per meter; m®/s, cubic meter per
second]

Reach

Attribute 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, Unconfined Cow Creek Downstream of Little River

bedrock below North confluence Jackson Creek  confluence

channel and South to North confluence to South

Umpqua River Umpqua River to Cow Umpqua River

confluence confluence Creek confluence

confluence
General valley setting Estuary, confined Confined Unconfined Alternating Alternating Alternating
valley opening  valley with confined and confined and confined and
to bay within local valley unconfined unconfined unconfined
coastal plain widenings

General channel character Low gradient, Steep, bedrock  Alternating Alternating Alternating Bedrock

sand and gravel rapids bedrock and bedrock and bedrock and dominant, pool
bed separated gravel gravel gravel and drop
by flats

Drainage area at 12,102 10,492 8,904 4,666 1,962 3,522
downstream end of
segment (km?)

Drainage area at upstream 10,492 8,904 8,188 3,254 1,127 3,151
end of segment (km?)

Average gradient 0.00012 0.00073 0.00098 0.00100 0.00249 0.00177

Unit bar area 2005 114.5 51 5.0 13.6 17.6 6.7

(m2/m)!

Total area of gravel bars 3,837,380 593,360 93,093 1,030,751 835,873 317,358
in 2005 (m?)

Total area of bedrock in 1,337 3,122,615 266,223 488,550 146,882 1,213,280
2005 (m?)

Total area of channel 16,576,148 11,672,878 1,668,568 4,297,485 1,536,393 3,358,262
(secondary channel (346,575) (170,575) (1,848) (73,742) (37,687) (86,977)
features) in 2005 (m?)

0.5 annual exceedance 32,660 32,660 32,660 41,292 5481 61,256
probability discharge
(md/s)?

Figures showing channel 1, 6, 33 1,27, 1,2,8 1,2,9, 16, 1, 2,10, 16, 1,2,11, 16, 28
morphology 16, 22, 23 22,23 22,23

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 Umpgqua River near Brockway.
5U.S. Geological Survey streamflow-gaging station on South Umpqua River at Tiller.

5U.S. Geological Survey streamflow-gaging station on North Umpqua River at Winchester.
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data.
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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 5% 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).

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; mi?, square mile]
Reach
Attribute -
Tidal Coast Range Garden Valley Roseburg Days Creek North Umpqua
Major flow Tidally affected Minimal regulation  Minimal Galesville Reservoir, None Pacific Power dams
factors regulation Oct. 7, 1985, constructed
regulates 74.3 mi? 1952-1955
of Cow Creek regulate (slightly)
basin (5.9 percent drainage from 430
of contributing area mi? (35 percent of
at upper end of the upper end of
segment) segment)
Major Gradient change Sediment input from Local sand and  Late 19th century Forest practices; Pacific Power dams

sedimentation
factors

Channel
disturbance
factors

General channel
trends

promotes tributaries; local gravel mining;
deposition landuse and forest ~ forest practices;
of sediment practices Calapooya
load; Smith Creek sediment
River sediment input

inputs; dredging
(100,000-500,000
cubic yards per
year)

Historic navigation Late 19th century Late 19th century

dredging, sand navigation navigation

and gravel mining, improvements; improvements;
rock removal for ~ temporary mill sand and gravel
navigation near dam at Kellogg mining

Scottsburg; road
corridor

(removed 1871);
road corridor

Some evidence of  Channel historically Channel

local incision and presently on historically
historically near bedrock; little or and presently
gravel mining no evident change  on bedrock.
operations (CH2M  (photos, specific No obvious
Hill, 1972) gage analysis for change evident
Elkton gage) from inspection
of aerial
and oblique
photographs,

analysis of bar
area

placer mining

in reach and
tributaries; forest
practices; sand
and gravel mining;
tributary sediment
inputs

sand and gravel
mining; tributary
sediment inputs

Local navigation Transportation

improvements; infrastructure; log
transportation driving (?); sand
infrastructure; and gravel mining;

log driving; 19th placer mining
century mill dams;
sand and gravel
mining; placer
mining

Channel historically Channel locally
and presently on bedrock. No
on bedrock. No evident trends,
obvious change although limited
evident from data for this reach
inspection of
aerial and oblique
photographs,
analysis of bar
area, and specfic
gage analysis

trap upstream
sediment; forest
practices

Navigation
improvement;
log driving;
Winchester Dam
at FPKM 10.2

Channel historically
and presently
on bedrock. No
evident change
from specific gage
analysis
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Figure 13.

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/m? 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

Hydraulic mining in the Olalla District, Lookingglass Creek drainage, Oregon. Photographs courtesy of Douglas
County Museum. (Photographs (A) N5155a and (B) N5155h.)

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 km? 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



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 km? burned area), 1996 (73 km?2), and 2002 (341.8 km?)
(as determined from U.S. Forest Service [2010] mapping
data). Most of the fires in 2002, including the Boulder Fire
(193 km?), 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).
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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 md/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 x 108 metric tons/yr of the South
Umpqua River at Brockway, the Curtiss (1975) analysis
indicates that 0.28 x 108 metric tons/yr enters through
Lookingglass Creek, 0.34 x 108 metric tons/yr joins at Cow
Creek, and 0.28 x 106 metric tons/yr comes from the upper
basin upstream of the Tiller gaging station.
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Figure 14. Annual sediment volume removed between 1949 and 2002 by commercial and
navigational dredging in the Umpqua River estuary, Oregon. Commercial dredging focused mainly
on the lower Umpqua River below FPKM 40, whereas navigational volumes provided by the U.S.
Army Corps of Engineers (USACE) are mainly for the Umpqua River entrance (FPKM 0-3) near
Reedsport. Descriptions include Umpqua River Navigation Company (URN).

These values suggest that more than 80 percent of
the sediment entering the South Umpqua River is derived
from tributaries downstream of Tiller. At the Elkton
streamflow-gaging station on the main stem Umpqua River,
where 3.18 x 105 metric tons/yr of sediment passes each year,
23 percent is from the North Umpqua River at Winchester
(0.72 x 106 metric tons/yr), 49 percent from the South
Umpqua River at Brockway (1.54 x 106 metric tons/yr),

5 percent from the Calapooya Creek (0.17 x 106 metric tons/
yr), with the balance likely from the lower South Umpqua
River and unmeasured tributaries entering the main stem
Umpqua River between the confluence of the North Umpqua
and South Umpqua Rivers and the Elkton streamflow-gaging
station. These results indicate that the South Umpqua River
supplies a greater amount of sediment to the Umpqua River
than is contributed by the North Umpqua River.

In terms of bed-material transport, if the 3 and 5 percent
ratios are correct, the Curtiss (1975) measurements indicate
an annual bedload transport rate of 8,400 metric tons at Tiller,
near the upstream end of the Days Creek reach at FPKM 273;
46,000 metric tons at the Brockway streamflow measurement
site on the South Umpqua River within the Roseburg reach
near FPKM 195.3; and 160,000 metric tons at the Elkton
measurement site on the main stem Umpqua River in the
Coast Range reach at FPKM 72.1. Considered similarly,

Cow Creek, the North Umpqua River, Lookingglass Creek,

and Calapooya Creek contributed 17,000, 22,000, 8,400,

and 5,100 metric tons/yr, respectively, to the South and main
stem Umpqua Rivers. Considering the relative propensity of
the Klamath Mountains terrain to produce gravel compared

to the other geologic provinces, as well as the dams on the
North Umpqua River (which would reduce bed-material fluxes
substantially in comparison with suspended loads), the Curtiss
(1975) estimates probably exceed actual values for the North
Umpqua River and Umpqua River at Elkton sites.

Stillwater Sciences (2000) prepared sediment budgets for
the North Umpqua River to assess the role of Pacific Power’s
North Umpqua River hydroelectric project on North Umpqua
River sediment conditions. Their analysis incorporated a
reanalysis of the suspended load data summarized by Curtiss
(1975), analysis of reservoir sedimentation data, estimates
of geomorphic process rates, and landslide inventory
information. They concluded that the dams on the North
Umpqua River trap all bedload from the upper 32 percent of
the North Umpqua River basin but that the effect of this bed-
material sediment reduction on downstream reaches is more
than compensated by enhanced sediment production from 20th
century land-use practices—primarily forest practices—and
the effects of the 1964 flood. Specifically, Stillwater Sciences
(2000) postulated that downstream of Steamboat Creek (a
tributary entering the North Umpqua River approximately
30 km upstream of the study area), the effects of land use
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doubled the average annual bedload flux to 16,330 metric tons/
yr, from a “reference condition” (pre-1950, minimal land-use
effects) value of less than 8,160 metric tons/yr, despite total
bed-material blockage since 1952 at Soda Springs Dam (about
60 km upstream of the study area). Although these conclusions
for the North Umpqua River remain unverified, enhanced
bed-material contributions to the Umpqua River system
from increased sediment yield in managed lands may be an
important basinwide factor.

Stillwater Sciences also monitored the August 2004
experimental gravel augmentation, which entailed a
release of 3,680 metric tons of spawning size gravel at two
sites near Soda Springs Dam (Stillwater Sciences, 2006).
Reconnaissance-level monitoring following the augmentation
determined that (1) the experiment demonstrated where natural
deposition would occur within this confined section of river
and (2) a 2-year recurrence-interval flow in December 2004
was sufficient to mobilize all of the augmentation gravel;
however, a 5-year recurrence-interval flood in December 2005
redistributed the spawning gravels along the channel margins.
Overall, the August 2004 gravel augmentation experiment
increased the total area of suitable spawning habitat between
Soda Springs Dam and Boulder Creek (Stillwater Sciences,
2006).

Valley Bottom Mapping and Analysis of
Historical Channel Change

A primary goal of this study was to characterize channel
conditions throughout the study area and evaluate spatial and
temporal patterns in gravel storage, as this forms a basis for
determining historical variation in bed-material flux. Because
the fluvial reaches of the Umpqua River study area above the
head of tide at FPKM 40 share similar overall morphology and
management issues, these reaches were assessed separately
from the Tidal reach, although a similar overall approach was
used for both areas.

For the fluvial reaches, analysis of multiple sets of aerial
photographs dating to 1939 were used to evaluate planimetric
changes in channel morphology and gravel storage,
supplemented by historical surveys and photographs from the
mid-19th century and early 20th century. Historical variation
in bed elevations were assessed using the record of channel
geometry at four USGS streamflow-gaging stations and
repeat longitudinal profile surveys from 1914 to 2009. Annual
topographic surveys from mined sites on the South Umpqua
River from between 2001 and 2009 enabled assessment of
deposition rates and bar evolution following gravel extraction
and various magnitude flood events. For the Tidal reach,

repeat channel mapping from aerial photographs and General
Land Office (GLO) surveys was used, but with a slightly
different mapping protocol. Additionally, bathymetric changes
and channel deepening in the Tidal reach were assessed
through comparison of historical navigational surveys from
1886 to 1971 and by reviewing previous reports (Lidstone and
Associates, written commun., 2008; CH2M Hill, 1971). We
first describe the analysis of planimetric and vertical changes
for the fluvial reaches, and then discuss the repeat mapping
and bathymetric analyses for the Tidal reach.

Historical Changes in Channel Planform and
Vegetation Density above the Head of Tide

Historical changes to channel planform and vegetation
density along the fluvial reaches were evaluated primarily
through repeat mapping of the active channel from aerial
photographs from 1939 to 2009. GLO surveys dating to the
1850s and reoccupation of land-based photographs dating
to the early 1900s extend our characterization of channel
conditions into the 19th century and supplement findings
from the detailed mapping. Because a major objective of the
overall study is to characterize patterns of gravel storage and
rates of bed-material flux, we focused our mapping activities,
as well as analysis of historical GLO surveys and oblique
photographs, on changes to channel character and abundance
of gravel bars. In most instances, current information on
channel planform and vegetation was based on the 0.5 m
orthoimagery for 2005 developed from summer 2005 aerial
photographs as part of the U.S. Department of Agriculture
National Agriculture Imagery Program (NAIP).

Acquisition and Rectification of Historical Aerial
Photographs

Aerial photographs from different periods provide a
basis for systematic mapping of channel features and their
changes. Historical aerial photographs from 1939 and 1967
were available only as scanned images, and these were
georeferenced, rectified, and mosaicked to form a seamless
layer for digital mapping. Recent aerial photographs from
1995, 2000, 2005, and 2009 were available as digital
orthophotographs and did not require additional processing
prior to mapping (table 5). All photographs were acquired
during late spring to summer, when discharge was relatively
low, although the discharge varies between periods (table 6).

A complete description of the process by which the
aerial photographs from 1939 and 1967 were scanned,
georeferenced, rectified, and mosaicked is provided in the
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Table 5. Aerial photographs and orthophotographs used in the sediment transport study, Umpqua River basin, Oregon.

[Abbreviations: RMSE, root mean square error (in meters) is provided for photographs rectified in this study; FPKM, flood-plain kilometer; NUFPKM, North
Umpqua River flood-plain kilometer; NAIP, National Agriculture Imagery Program; USACE, U.S. Army Corps of Engineers; USDA, U.S. Department of

Agriculture; USGS, U.S. Geological Survey; m, meter; BW, black and white]

Photo scale or

.. Original Rectification source
Year Original format Coverage orll::::lo::)igo;aph sogrce and RMSE

1939 Aerial photograph (BW)  Full coverage 1:10,200 USACE This study (4.48 m)
1967 Aerial photograph (BW) FPKM 8-275; NUFPKM 0-44 1:20,000 USDA This study (2.22 m)
1994-1995 Orthophotograph (BW)  Full coverage 1pixel=1m USGS USGS
2000 Orthophotograph (BW)  Full coverage 1pixel=1m USGS USGS
2005 Orthophotograph (color)  Full coverage 1pixel=0.5m NAIP NAIP
2009 Orthophotograph (color)  Full coverage 1pixel=1m NAIP NAIP

metadata for these layers (available at http://www.geodata.
gov), and summarized here. Aerial photographs from 1939
were obtained from the U.S. Army Corps of Engineers

and scanned by USGS staff. Scanned copies of the U.S.
Department of Agriculture 1967 photographs were obtained
from the University of Oregon Map and Aerial Photography
Library (table 5). The photographs were spatially registered
in ArcGIS 9.3, using NAIP 0.5-m resolution digital
orthophotographs acquired in 2005 as a base layer to which
ground control points were matched. Ground control points
generally consisted of building corners or bedrock outcrops
located within or near the channel and flood plain.

Most georeferencing of photographs was done using a
second order polynomial transformation; photographs with
fewer than six control points were rectified using a first
order polynomial transformation. Each of the georeferenced
photographs was rectified by resampling to a cell size of
0.5 m using bilinear interpolation within the Georeferencing
Toolbar in ArcGIS 9.3 and then clipped to include areas near
the channel where the control points had been concentrated.
Seamless mosaics, composed of 184 aerial photographs
from 1939 and 79 photographs from 1967 were then created
from the clipped, rectified images from each period. Lastly,
a polygon layer was created to catalog attributes for each of
the photographs underlaying the mosaics, including flight
date, number of ground control points to spatially register the
original photograph, root mean square error associated with
the georeferencing, and approximate discharge at the time of
the photograph.

Mapping Channel Features, Vegetation Density,
and Geomorphic Flood Plain

Aerial photographs from 1939, 1967, and 2005 were
used to map geomorphic features within the active channel of
each study reach. In the Days Creek, Roseburg, and Garden
Valley reaches, geomorphic mapping also was conducted
for three additional periods during 1995, 2000, and 2009 to
allow further analysis of recent channel change along these
more gravel-rich reaches. The resultant digital channel maps
form a basis for evaluating systematic changes to channel
and bar planform and support the analysis of depositional and
erosional volumes. Vegetation density also was mapped within
the active channel in order to evaluate changes that may be
attributable to channel processes.

Mapping of geomorphic features was primarily confined
to the active channel, defined as the area typically inundated
during annual high flows as determined by the presence of
water and flow-modified surfaces (Church, 1988). Features
within the active channel were divided into five broad
mapping units: (1) the primary, low-flow channel, (2) tributary
channels, (3) bars, (4) secondary channel features, and
(5) bedrock outcrops. For each period, all features larger than
about 300 m2 were digitized at a scale of 1:3,000. To ensure
consistency between mapped reaches and periods, an iterative
review protocol was developed so that all line work was
reviewed and finalized, and then verified by multiple members
of the project team.


http://www.geodata.gov
http://www.geodata.gov
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Valley Bottom Mapping and Analysis of Historical Channel Change 3

The primary channel of the Umpqua River, as well as the
North and South Umpqua Rivers, was mapped by digitizing
the wetted perimeter of the channel as depicted in the aerial
photographs. For larger tributaries whose mouths were wider
than 20 m, the wetted perimeter of the tributary was mapped
for a distance of 500 m upstream of its confluence with the
Umpqua River. Secondary channel features generally were
associated with alluvial features, such as gravel bars and
included side channels, backwater sloughs, and disconnected
water bodies adjacent to alluvial features. In many locations,
water ponded in potholes and fractures within bedrock
outcrops, forming shallow, but sometimes large (greater than
300 mZ2 in area) water bodies that were disconnected from the
main channel (fig. 15). In most cases, they were not mapped
separately from the surrounding bedrock outcrop.

For this study, gravel bars were defined as features
greater than 300 m? in area containing exposed bed-material
sediment. This definition encompassed a range of features
from thin patches of gravel overlying bedrock to large point
bars and lateral bars (fig. 15). Gravel bars were divided into
two categories: attached bars (sharing a margin with the
flood plain) and medial bars (surrounded by water) following
the classification scheme of Church and Jones (1982). No
specific identification of sediment size was made during the
aerial photograph mapping, although field measurements and
observations indicate that in the fluvial reaches, most bars
were composed of gravel, but for the Tidal reach, mapped
bars were composed primarily of sand and mud. Mapped bars
locally included small areas (less than 300 m?2) of open water
and bedrock outcrops that were not differentiated from the
main bar outline.

Exposed bedrock is common within the Umpqua River
active channel, forming islands and channel-adjacent outcrops,
and most of the rapids (figs. 2 and_16). Distinguishing bedrock
from sediment in the aerial photographs was difficult in some
locations, but the task was aided by bedding and jointing
apparent in some outcrops and by their jagged, irregular
outline near the water’s edge. When the photograph resolution
was insufficient to make a determination of bedrock versus
sediment, photographs from other periods were used to assist
in interpretation. Many of the bedrock outcrops are partly
covered by small (less than 300 m?) patches of sediment or
water.

Vegetation density was mapped for all alluvial surfaces
within the active channel and all bar features were divided
according to three broad categories. Surfaces with less than
10 percent vegetative cover were considered “Bare” and
typically occurred on lower elevation bar surfaces. Areas with
“Moderate” vegetation density had 10-50 percent vegetative
cover, whereas surfaces with “Dense” vegetation had greater
than 50 percent cover and typically were mapped on high
elevation surfaces near the flood plain. We made no distinction
or identification of species as part of this mapping.

The geomorphic flood plain was mapped to provide
a static reference frame from which to consider temporal
variation to the active channel. For this study, the geomorphic
flood plain was defined as the active channel (as described
above) and the flanking geomorphic surfaces formed of recent
river deposits. These were mapped at a scale of 1:10,000 on
the basis of topography and the extent of flood-plain soils as
depicted in the Soil Survey Geographic Database (Natural
Resources Conservation Service, no date). Areas within the
geomorphic flood plain are considered to be formed during
the recent (Holocene epoch) climatic regime and include most
Quaternary deposits mapped in Wells and others (2001) and
Ma and others (2009). The flood-plain kilometer reference
system used to denote locations in this study was developed
by digitizing a centerline through the geomorphic flood plain.

To evaluate spatial and temporal trends in channel
morphology, measurements from the repeat channel mapping
were used to calculate several metrics of channel change.
Temporal variation in channel length was determined by
digitizing centerlines through the main, wetted channel for
each period. These lengths allowed computation of sinuosity
(calculated by dividing reach-segregated centerline length
by the corresponding flood-plain length for that reach).

Spatial and temporal patterns in wetted channel width were
determined for each period by measuring the main wetted
channel orthogonal to the channel centerline at 0.5-km
intervals. Reach-aggregated patterns of sediment storage were
evaluated by normalizing the cumulative gravel bar areas for
each reach, and for each period, by the corresponding 2005
centerline length for that reach. This measure, which we term
“specific bar area,” represents the area of gravel bar per unit
length of channel and enables comparisons between reaches
and periods. Longitudinal trends in gravel storage were
assessed by overlaying the gravel bar polygons for each period
with the flood-plain transect system and then tracking spatially
discrete changes in bar area over time.
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Figure 15. Examples of mapping units used when creating historical channel maps of the Umpqua River basin, Oregon.

Uncertainties and Limitations to Planimetric
Mapping

Uncertainty and error in this interpretative mapping falls
into two main categories: (1) errors related to photograph
registration and rectification or (2) errors related to mapping of
land-surface features, which are mostly due to the challenges
imposed by varying light conditions, river discharge, and
photograph sharpness and contrast (Gurnell, 1997; Mount
and Louis, 2005; Hughes and others, 2006, Walter and Tullos,
2009). In this study, imprecise registration and rectification

of historical aerial photographs from 1939 and 1967 stem
from the few high-quality control points that are common

to both older photograph sets as well as orthophotographs
from 2005. The total root mean square error (RMSE) values
of the rectified photographs indicate that horizontal position
uncertainties range from 0.5 to 13.2 m, but average 4.5 m for
the 1939 photographs and 2.2 m for the 1967 photographs.
Because the control points were concentrated near the channel,
the error associated with mapped features along channel
corridor should be lower than the total RMSE values for the
entire photograph.
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Mapping of channel features was affected by the quality
and resolution of the available photographs. Although some
photographs had greater amounts of glare, shadows, or other
characteristics that locally obscured channel features, the
photographs generally were of adequate quality for precise
mapping. The main mapping challenge was to discern patches
of alluvium from adjacent bedrock, which was particularly
difficult for some of the black and white aerial photographs
from 1939, 1967, and 1995. Error was also introduced by
imprecise line placement, which may conservatively result in
horizontal inaccuracies of up to 9 m. However, to minimize
errors and increase the overall precision of the interpretive
mapping, all line work was verified regularly and repeatedly
by other members of the project team.

Another consideration in comparing channel maps from
different periods is differences in discharge between sets of
aerial photographs. Although all photography was acquired
during low-flow periods (table 6), small changes in discharge
influence the delineation of channel, bar, and bedrock areas,
particularly where the channel is wide and relatively shallow.
In general, we expect that mapping from aerial photographs
with relatively low discharges (such as those from 2000, when
discharge ranged from 6 to 16 percent of the mean annual
discharge) will produce results biased toward lower water area
and greater bar and bedrock areas. By contrast, photographs
made during high discharges, such as 1967 when discharge
was about similar to the mean annual discharge, will be biased
towards greater water area and smaller bar area. The least
amount of discharge variability is among the orthophotographs
from 1995, 2000, 2005, and 2009 (table 6) when streamflows
for most photographs were less than 20 percent of the mean
annual discharge, so comparing channel maps from these time
periods should minimize uncertainty due to differences in
discharge.

To partially account for the effects of the different
discharges associated with the aerial photographs and the
effects of these differences on mapped bar area, we normalized
the mapped bar areas for some of the reaches to a common
minimum discharge according to:

Agi = An +b(Qpn —Qi), @)
where
Ag; is the bar area for year m normalized to the index
discharge;

Q; is defined as the lowest discharge for which the
reach has bar-area measurements (for the cases
here, the 2000 photographs);

A, isthe measured bar area for a particular set of
photographs from year m for which the
discharge was Q,,;and

b is the regression coefficient for the reach-
specific relation between measured bar area
and discharge for 1995, 2000, 2005, and 2009
(fig. 17).

These relations were developed for the Days Creek, Roseburg,
and Garden Valley reaches and had correlation coefficients (r)
ranging from 0.55 for the Garden Valley reach to 0.95 for the
Days Creek reach (fig. 17). Reach-specific linear regressions
were not developed for the Coast Range and North Umpqua
reaches because of too few measurements, so the Garden
Valley reach regression was applied to the Coast Range reach,
whereas the bar areas on the North Umpqua Reach were not
normalized. The discharges for 1939 and 1967 photograph
sets (“photograph discharges”) are higher than discharges

for the 1995-2009 photographs from which the regressions
are derived, so measurements from 1939 and 1967 cannot be
reliably adjusted. Mapped bar areas for those years, however,
would certainly have been larger if the photograph discharges
were similar to those of 1995-2009. The normalized values for
the Coast Range and Garden Valley reaches are tentative since
they are based on the nonsignificant Garden Valley regression
(although the regression coefficient is small, so the normalized
values are not too different from the measured values).

Results of Channel Mapping for Fluvial Reaches
of Study Area

Comparison of channel maps from 1939 to 2009 for the
fluvial reaches of the Umpqua, South Umpqua, and North
Umpqua Rivers shows that the main channel along these
reaches is predominantly single-thread and that its overall
planform has remained stable over the 70-year analysis
timeframe. Despite the overall channel stability, the proportion
of bedrock and gravel flanking the main channel has varied
between reaches and over time, with gravel bars historically
being most abundant along the Days Creek and Roseburg
reaches and bedrock outcrop predominating along the main
stem Umpqua River (figs. 18, 19, and 20). Altogether, the
Roseburg and Days Creek reaches had more than twice the
area of mapped gravel per unit length of channel (13.6 and
17.6 m%/m, respectively) than the Garden Valley and Coast
Range reaches in 2005, where specific bar area was 5 and
5.1 m2/m, respectively (fig. 18).

Much of the gravel mapped throughout the study area is
stored in large (> 20,000 m?) point bars, whose positions are
fixed by valley geometry (for example, Maupin Bar at FPKM
94.5, fig. 7). Bed-material sediment is also stored in medial
bars and numerous small (< 2,000 m2) bars (such as those
shown in figure 16), but these features formed less than 30
and 6 percent, respectively, of the total bar area in 2005. Like
other rivers, reach-average wetted channel width (as measured
from channel maps from 2005) increases systematically
downstream, from 32 m on the Days Creek reach to 104 m on
the Coast Range reach (fig. 18).
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Figure 17. Relation of bar area to discharge in photographs of the Days Creek, Roseburg, and

Garden Valley reaches of the Umpqua River, Oregon, 1995-2009. Linear regressions between
mapped bar area and photograph discharge (the discharge when the photograph was made)
were used to normalize bar areas to a common, reach-specific discharge.

Near its upstream boundary, the South Umpqua River
along the Days Creek reach is a mountain stream with a
channel width of about 28 m, but along its length, the channel
and flood plain widen, and gravel bars increase in size and
frequency (fig. 10). Prominent zones of gravel storage along
the Days Creek reach include FPKM 250-257, where several
large bars, including Days Creek Bar (FPKM 250.1), are
located in the apices of sharp bends as the South Umpqua
River winds through the resistant rocks of the Klamath
Mountains (figs. 10B, 10C, and 18).

Farther downstream, near the boundary of the Days
Creek and Roseburg reaches at the confluence of Cow Creek,
a series of large bars, including Gazley Bar (FPKM 232,
fig. 10) and Lawson Bar (FPKM 230.1, figs. 2G and 9D),
have historically been major zones of gravel storage. Other
gravel-rich areas of the Roseburg reach are the Myrtle Creek
confluence area (FPKM 220-222, encompassing Western
Bar and Myrtle Creek Bridge Bar, shown in fig. 16F) and
Elk Island (FPKM 180), formed by an overflow channel at

a large-amplitude bend (fig. 16D). Although gravel patches
less than 2,000 m? were abundant throughout the Days Creek
and Roseburg reaches (accounting for nearly 50 percent of the
total number of bars on these reaches), the cumulative area of
these features comprised less than 6 percent of the total bar
area. These small deposits of gravel typically were mapped in
association with bedrock rapids and in narrow strips flanking
straight reaches of the channel (for example, Willis Creek Bar,
fig. 16E).

In contrast, the Coast Range reach is predominantly a
bedrock channel; the reach had more than 4 times the area of
exposed bedrock than the Roseburg reach in 2005 (26.7 m2/m
compared to 6.4 m2/m) and nearly 10 times the amount of
bedrock compared to the Days Creek reach, where the specific
bedrock area was 3.1 m?/m (fig. 18 and 19). The main area of
gravel storage in the Coast Range reach lies along a series of
incised meander bends between FPKM 90 and 122 (fig. 20),
and includes Maupin Bar (FPKM 94.5), the largest bar in the
study area above the head of tide (152,270 m?, fig. 7) as well
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kilometer.

as Mary’s Island (FPKM 122), and the densely forested Myrtle
Island (FPKM 125, fig. 7C). Elsewhere, bedrock rapids,
locally mantled with a thin veneer of gravel, such as those at
Elkton Elementary School and Hutchison Wayside (figs. 16A,
16B, and 19) are common. Many reaches have little or no
mappable gravel, including several 5- to 10-km-long sections
of the Coast Range reach (fig. 20). Bunch Bar at FPKM 62.5

is the last prominent gravel bar before reaching the expansive
fine-grained bars of the lower Tidal reach downstream of
FPKM 15.

The Garden Valley reach spans the short distance
between the confluence of the North Umpqua and South
Umpqua Rivers and the Coast Range reach. This reach had
only 5 m%/m of gravel along the channel forming 12 mappable
gravel bars in 2005 (figs. 18 and 20), the largest of which was

Cleveland Rapids Bar (19,900 m2) at FPKM 164.7. Along the
Garden Valley reach, the primary low-flow channel occupies
most of the active channel area, although bedrock outcrops are
common (fig. 19).

In 2005, the active channel of the North Umpqua reach
resembled the Coast Range reach, both in terms of bar area
(6.7 m2/m) and bedrock area (25.8 m?/m), although the
wetted channel is much narrower on the North Umpqua reach
(reach average width was 72 m) (figs. 11 and 18). Like the
Coast Range reach, there are only a few large, gravel bars in
the North Umpqua reach, such as those at Whistlers Bend
(NUFPKM 33.5, fig. 11B). Similar to the Umpqua River
downstream of the confluence, the North Umpqua River
channel primarily consists of a series of bedrock rapids,
locally mantled with small gravel patches.
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The most evident temporal changes in active channel
conditions for all five fluvial reaches between 1939 and 2005
are the large net reduction in bar area. Between 1939 and
2005, the total bar area decreased 29 percent from 4.22 to
2.87 kmZ (figs. 18 and_20). However, the temporal trend of
decreasing bar size has not been monotonic; total bar area
above the head of tide increased 11 percent between 1939
and 1967, and aerial photographs from 1967 show substantial
deposition along nearly all bars in the study area. This
increase in bar area, however, was more than compensated
by a 39-percent decrease in bar area between 1967 and 2005
(fig. 18).

These changes in bar area resulted from various
transformations within the flood plain and channel system
(fig. 21). Areas of new bars resulted primarily from scouring
and covering pre-existing flood-plain surfaces with fresh
gravel deposits and the growth and formation of gravel bars
into areas formerly covered by water (fig. 21). Only small
areas of bedrock were subsequently covered by gravel to form
new areas of bars (fig. 21). Areas of lost gravel bars chiefly
became water, especially during the 1939-67 period, but many
bar areas were evidently scoured to bare bedrock outcrops,
especially in the 1967-2005 period (fig. 21).

Other overall findings for the five fluvial reaches are
that (1) centerline length along most reaches has remained
very stable, with little temporal variation in sinuosity, and
(2) channel width has varied only slightly, with no apparent
systematic trends except that wetted width for all reaches
was greatest in 1967 (when the flow at the time of the aerial
photographs was significantly greater) (fig. 18). Inspection of
individual photograph sets shows that despite similar overall
trajectories, each of the reaches has displayed a unique set of
transformations during the 70-year analysis interval.

Historical changes to bar and channel morphology
have been greatest along the gravel-rich sections of the
Roseburg and Days Creek reaches, where large and
closely spaced gravel bars provide more opportunities for
adjustments to channel and bar morphology than the primarily
bedrock-flanked reaches of the main stem Umpqua River. On
these upper reaches, many gravel bars in 1939 had overflow
channels and scoured patches of bare gravel flanked by areas
with mature shrubs (such as Umpqua Sand and Gravel Bar,
FPKM 171.4, fig. 22B). Aerial photographs from 1967 show
that many of these partially vegetated 1939 bars, along with

their adjacent flood-plain surfaces, had been substantially
scoured and stripped of vegetation (fig. 22B). New bars
also formed along the channel between 1939 and 1967;
approximately 15 percent of new bars in the Roseburg and
Days Creek reaches had been previously mapped as water in
the 1939 photographs. In total, between 1939 and 1967, scour
and fresh deposition along upper bar surfaces combined with
bar growth into former low-flow channel areas (such as that
shown at FPKM 251-255, fig. 22C) increased total bar area on
the Days Creek reach by 55 percent, from 19.3 to 31.8 m%/m.

Despite bar growth in some areas, the Roseburg reach
was the only reach in the study reach to show a net decrease
in mapped gravel between 1939 and 1967. Many bars present
in the 1939 photographs are wholly absent or substantially
eroded in the 1967 photographs (such as Umpqua Sand and
Gravel Bar, fig. 22B), reducing the specific bar area from 23 to
17.6 m%/m. Between 1967 and 1995, the bar area decreased 28
and 48 percent, respectively, on the Roseburg and Days Creek
reaches, primarily as a result of vegetation colonization and
consequent mapping as “flood plain” for the 1995 photographs
of the high-elevation, freshly scoured surfaces apparent in the
1967 photographs. Also evident was the erosion of many of
the bare, low-elevation bars present in the 1967 photographs,
transforming those areas to both “water” and “bedrock”
(figs. 21 and 22).

Between 1995 and 2000, a period spanning the floods
of November 1996-January 1997, the area of mapped gravel
increased by approximately 30 percent on the Days Creek
and Roseburg reaches (figs. 18 and 20) as low-elevation bars
were created and enlarged (figs. 23E and F). In most places,
the high-elevation surfaces that previously appeared bare and
floodswept in the 1967 photographs, but were colonized with
vegetation by 1995, did not show obvious signs of erosion
during the period 1995-2000, except where high flows had
scoured overflow channels (such as those at Days Creek Bar,
FPKM 250, fig. 22C). During the low-flow period of 2000—
2005 (Bumbaco and Mote, 2010), bar area decreased from
12 and 19 percent, respectively, on Days Creek and Roseburg
reaches (figs. 18 and 20). This decrease was mainly by
erosion of low-elevation bars present in the 2000 photographs,
but absent (replaced by water) in the 2005 photographs.
Comparison of the 2005 and 2009 photographs shows little net
change in bar area, and channel maps from both times depict
similar channel conditions (fig. 18).
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EXPLANATION
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Figure 21. Reach-segregated changes in bar area in the Umpqua River basin, Oregon,
1939-2005. Positive balance represents net bar area in each time period separated
according to areas that were previously mapped as bars, and newly created bars that
were previously mapped as water, flood plain, or bedrock. Negative balances represent
total decreases in bar area, separated into areas that became water, bedrock, or flood
plain. (A) Coast Range, (B) North Umpqua, (C) Garden Valley, (D) Roseburg, (E) Days Creek.
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Coast Range Reach:
Jones Bar, FPKM 88.5

N

Roseburg Reach:
Umpqua Sand and Gravel Bar
FPKM 171.4

Coast Range Reach:
Maupin Bar, FPKM 94.5

Roseburg Reach:
Western Bar, FPKM 220.8

| G NP

Days Creek Reach:
Days Creek Bar, FPKM 250

Days Creek Reach:
Gazley East Bar, FPKM 232

EXPLANATION
[] 2000 bar outiine
D 2000 channel outline
1995 to 2000 change
Deposition
Base maps modified from U.S. Geological Survey digital data. Erosi
UTM projection, Zone 10 rosion
Horizontal datum: North American Datum of 1983

Figure 23. Changes in bar morphology between 1995 and 2000 for select sites on the Umpqua and South Umpqua Rivers, Oregon.
Mapping (1995 and 2000) and aerial photographs (2000) span the December 1996 flood.
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Channel change on the Coast Range, Garden Valley, and
North Umpqua reaches followed similar trends as the Days
Creek and Roseburg reaches, but with several distinctions.
Despite local areas where bars were stripped to bedrock (such
as Mary’s Island at FPKM 121.3, fig. 22A), bar area on the
Coast Range reach remained similar between 1939 and 1967,
whereas bar area increased 51 percent in the North Umpqua
reach during the same period (fig. 18). Many of these newly
formed 1967 bars were replaced by areas of bedrock by 2005,
causing an 11-fold increase in near-channel bedrock between
1967 and 2005 along the North Umpqua reach. Similarly,
bedrock area within the Coast Range reach increased
124 percent (figs. 18 and 21). During the same period, bar
area decreased 59 percent from 16.5 to 6.7 m2/m on the North
Umpqua reach, and 32 percent from 7.6 to 5.1 m2/m on the
Coast Range reach (fig. 18). Trends in bar area on the Garden
Valley reach most closely follow that of the Days Creek reach,
but the overall magnitude of change during each time period
is less than for the more gravel-rich South Umpqua reaches
(fig. 18). Like other reaches, bar area on the Garden Valley
reach was greatest in 1967, increasing 58 percent between
1939 and 1967, but then decreasing 40 percent between 1967
and 1995, primarily as newly formed bars were eroded to
bedrock (figs. 18 and 21). Bar area on the Garden Valley reach
remained about stable from 1995 to 2000, then decreased
another 40 percent from 2000 to 2005 and showed little
change from 2005 to 2009 (figs. 18 and_21).

Temporal and spatial patterns of historical channel
change along the Umpqua River study area probably result
from channel response to varying magnitude floods and
possibly dam construction, although differences in discharge
at the time of the photographs also affect the map patterns. For
all fluvial study reaches except the Roseburg reach, mapped
gravel bar area was greatest in 1967 (fig. 18) despite the higher
flows in the 1967 photographs, which would be expected to
cover many low bars. The large area of 1967 bars is likely the
result of erosion and redeposition associated with the large
flood of December 1964, which had a recurrence interval
of approximately 100 years in most places in the study area
(fig. 5). Similarly, bar area probably increased in the Roseburg
reach between 1939 and 1967, but it was not evident because
of the much higher flow in this reach at the time of the 1967
photographs (fig. 18; table 6).

Throughout the study area, decreasing gravel-bar area
between 1967 and 1995 probably was due to a combination
of (1) vegetation colonization and fine sediment accumulation
along floodswept areas from the December 1964 flood and
(2) erosion of low-elevation bars (fig. 21). Minor increases
in bar area from 1995 to 2000 on the Roseburg, Days Creek,
and Garden Valley reaches probably are attributable to

(1) the floods of 199697 and (2) the low range of discharges
depicted in the aerial photographs from 2000, which biases
the channel maps from 2000 toward high bar areas (fig. 18,
table 6). When adjusted for flow, the increase in bar area
within the Days Creek and Roseburg reaches is only

2—7 percent (fig. 18). Because peak discharges of the 1996-97
floods on the South Umpqua River were 23-39 percent
smaller than the December 1964 event (fig. 5, table 1), the
199697 floods mainly modified and created low-elevation
bars and did not cause widespread erosion like that associated
with the December 1964 flood (figs. 23E and 23F). Decreases
in bar area during the low-flow period of 2000-2005 are likely
also due in part to the low discharge of the 2000 photos, but
also to erosion because the adjusted values of bar area are also
lower in 2005 for all study reaches (fig. 18; table 6).

Although a December 2005 flood had a similar peak
discharge as that of December 1996, bar areas did not
change substantially during this period. Evidence for the
December 2005 flood is mostly from bare gravel bars present
in both the 2005 and 2009 photographs, where the 2009
photographs show recently scoured surfaces and overflow
channels (fig. 23). One possible explanation for the difference
in channel response between the 1995-2000 and 2005-2009
periods is that although the 1996 and December 2005 floods
had similar peak discharge, water year (WY) 1996 had three
flows exceeding the 2-year flood discharge of 1,293 m?/s (as
measured at the Brockway USGS streamflow gage), whereas
the December 31, 2005, flood was the only one to exceed this
value during WY 2006.

Like other reaches, the North Umpqua River had a
substantial net loss of bar area during 1939-2005, especially
between 1967 and 2005, when mapped gravel deposits
diminished by nearly 60 percent (fig. 18). This decrease, as
well as the associated 115 percent increase in exposed bedrock
observed on the North Umpqua reach between 1967 and
2005, probably was at least partly because of construction
of hydropower dams in 1952-55, which trap bed-material
sediment from 32 percent of the North Umpqua River basin.
Although the difference in discharge at the time of the two sets
of photographs may account for some of the difference in bar
and bedrock area, inspection of individual bar polygons from
1967 and 2005 shows that 49 percent of the bar area from
1967 for the North Umpqua reach was scoured to bedrock by
2005. Similar transformation of gravel bars to bedrock areas
during this period downstream of the confluence of the North
Umpqua and South Umpqua Rivers in the Garden Valley and
Coast Range reaches may indicate that diminished sediment
supply for the North Umpqua River has decreased bar area in
these downstream reaches as well.



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

Historical patterns of bar evolution also indicate that 35

small and thin patches of gravel deposited along bedrock 30 [ vense. greaterthan50%
rapids were often transient zones of bed-material storage, o B [ Moderate, 10 to 50% -
whereas larger bars, which generally formed at large bends g w0 _
in the valley bottom, provide longer term storage for 3 15 L [J Bare, tess than 10% i
bed-material sediment. Unlike the smaller gravel patches, S 0 L ]
the locations and approximate areas of larger bars have 5 | B
persisted for the length of the photographic record (fig. 20), 0 M H m

even though the upper bar surfaces were scoured and
subsequently revegetated following the flood of December
1964, and low-elevation bar margins increased and contracted
in response to the 1996-97 floods and intervening low-flow
periods.
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Results of Vegetation Density Mapping for
Fluvial Reaches

Repeat mapping of vegetation density on gravel bars
reveals patterns of disturbance and recovery that primarily
were caused by large floods, in particular the large flood of
December 1964. Vegetation density maps created for the Days
Creek, Roseburg, and Garden Valley reaches from 1995, 2000,
2005, and 2009 show that floods in 1996-97 and 2005 also
influenced vegetation density on gravel bars, although these
smaller floods had less effect than the December 1964 flood
(fig. 24). 0= n

In 1939, about 75 percent of the total bar area along
the fluvial reaches of the Umpqua, South Umpqua, and
North Umpqua Rivers was covered in moderate to dense
vegetation. Aerial photographs from this period show that
the dominant vegetation in this time period were grasses,
with woody shrubs scattered over entire bar surfaces but 0
becoming increasingly dense and accompanied by mature
trees along the upper bar surfaces (for example, Days Creek 80 - n
Bar, FPKM 250, fig. 22C). By 1967, the area of bare gravel 5= -
had increased 53-234 percent following the December 1964
flood, which scoured vegetated surfaces and created new
bars (figs. 24 and 25). The 1964 flood also apparently carved
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remnant patches of floodswept, vegetated flood plain to be 0
incorporated into the active channel. These bare surfaces 1939 1967 1995 2000 2005 2009
were later colonized by vegetation or eroded, causing the Year

area of bare gravel to decrease by 40-70 percent from 1967

to 2005 (figs. 24 and 25), as exemplified by Days Creek Bar
(fig. 22C). Between 1967 and 1995, the area of bare gravel
decreased as (1) vegetation colonized the floodplain and upper
bar surfaces scoured by the 1964 flood, and (2) fluvial erosion

Figure 24. Historical changes in
vegetation density within the active
channel for fluvial reaches of the Umpqua
River basin, Oregon, 1939-2009. Coast
Range and North Umpqua reaches were
mapped only in 1939, 1967, and 2005.



trimmed the bare, low-elevation bars. The floods
of November 1996 to January 1997 increased
the area of bare and moderately vegetated bars,
as some densely vegetated areas were scoured
and new bars were created. The Roseburg,

Days Creek, and Garden Valley reaches show
substantial (>70 percent) increases in the area
of bare gravel from 1995 to 2000 in conjunction
with decreases of about 20-30 percent in the
densely vegetated bars. Between 2000 and

20009, total bar area on the Days Creek and
Garden Valley reaches remained similar, but

the area of bare and moderately vegetated bars
fluctuated as vegetation colonized surfaces
flooded during winter of 1996-97, and was later
scoured (presumably) by the flood of December
2005. Although the bare bars on the Roseburg
reach experienced a similar overall disturbance
and recovery pattern from 2000 to 2009, the
magnitude of fluctuation on this reach was much
less than for other reaches, with the area of bare
gravel remaining relatively high, even during the
relatively dry period of 2000-2005 (fig. 24).

Oblique Photograph Matching

Repeat long-term ground-based
photography is useful for qualitatively
evaluating historical changes to landscapes
and vegetation because it provides a direct
comparison of ground conditions, commonly
extending back several decades prior to earliest
aerial photography (for example, Skovlin and
others, 2001; Webb and others, 2007). Here,
we matched six historical photographs of the
Umpqua River from the early 20th century
for the dual objectives of (1) identifying areas
of obvious change in channel conditions,
particularly changes in bed-material storage and
(2) evaluating changes in riparian vegetation.

Scanned historical photographs of the
South Umpqua and North Umpqua Rivers were
acquired from the Douglas County Museum.
The locations from which these photographs
were taken were determined from notes that
accompanied the photographs, along with
modern aerial photography and topographic
maps (appendix A). During summer 2009, the
historical photographs were approximately
matched, and the resultant oblique images
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on bare gravel bars in
the Umpqua River basin,
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were cropped and resized to approximate the field of view
of the historical photographs. In some instances, the original
photograph site could not be reoccupied precisely because
of vegetation growth, structure, or landform changes, but the
approximate match still qualitatively indicates changes to
channel and vegetation conditions.

Repeat land-based photographs of the South Umpqua
and North Umpqua Rivers show little variation in channel
planform or bar characteristics over the past 70+ years at the
three sites (fig. 26A). At Myrtle Creek Bridge (FPKM 219.9),
the bar along the left bank appears very similar in 1925 and
20009, as both photographs show a thin mantle of gravel
overlying bedrock, but with perhaps slightly more gravel
evident in the 2009 photograph (fig. 26B). The confluence of
the North Umpqua and South Umpqua Rivers near Singleton
Park (FPKM 168.4) also changed little between 1925 and
20009, as the bar along the right bank of the main stem Umpqua
River has similar size, shape, and texture in both photographs
(fig. 26). Likewise, the photographs from 1925 and 2009 at
Booth Bridge on the North Umpqua River show negligible
change in bed-material characteristics, as both photographs
show thin patches of gravel overlying channel-adjacent
bedrock (fig. 26C).

More noticeable is the overall increase in riparian
vegetation (fig. 27). Changes in riparian vegetation were most
apparent along the South Umpqua River, where vegetation
encroachment was evident at all photograph matching sites.
At the Winston site, the vegetation in the photograph from
1929 primarily consists of low grass and sparse woody
shrubs, but in 2009, the site was densely vegetated, such
that trees and shrubs obscured the field of view from the
historical photograph location (fig. 27A). At the Rice Creek
covered bridge site, the density and character of the bank and
flood-plain vegetation remained similar from 1929 to 2009,

but herbaceous vegetation had established along the low-
elevation bedrock outcrop within the active channel (fig. 27B).
Repeat photographs of Whistler’s Bend (NUFPKM 33.1) on
the North Umpqua River show that trees along the stream
corridor had matured and become denser during the 20th
century (fig. 27C). These widespread increases in vegetation
density in part reflect decreasing flood magnitude (fig. 5), and
possibly less direct disturbance of riparian zones during the
last few decades.

Comparison of 20th Century Channel Maps with
1854 General Land Office Surveys

The earliest comprehensive maps of the Umpqua River
system were produced by the General Land Office (GLO) in
the 1850s as the GLO surveyed public lands in Oregon (as
summarized by Atwood, 2008). Although the primary purpose
of this mapping was to establish the Township, Range, and
Section lines of the Public Land Survey System (PLSS),
some of the maps include detailed surveys of the bank lines
of larger rivers (a surveying process called meandering
[Atwood, 2008]). Although gravel bars and other river features
were not systematically mapped as part of the basic PLSS or
meander surveys, some GLO maps include prominent gravel
bars, rapids, or other local features that can be compared
against modern channel maps. Additionally, the survey notes
accompanying the maps include descriptions of channel
features that are useful for determining changes to channel
character over time. Because differences in map quality and
detail preclude systematic comparison of the GLO maps with
20th century maps, the GLO maps and survey notes were used
to assess general changes in channel conditions.
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A. Myrtle Creek Bridge, South Um

pqua River, FPKM 219.9, 1925-2009

47

B. Confluence of the South Umpqua and North Umpqua Rivers, near Singleton Park, FPKM 168.4, 1925-2009

C. Booth Bridge, North Umpqu

a River, NUFPKM 10, 1925-2009

Figure 26. Historical channel changes in the Umpqua River basin, Oregon, 1920s—2009. Locations of photographs are provided in

appendix A.
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A. Winston Bridge, South Umpqua River, FPKM 195, 1929-2009

B. Rice Creek covered bridge, South Umpqua River, FPKM 204.5, early 1900s—2009

C. Whistler's Bend, North Umpqua River, NUFPKM 33, early 1900s—2009

Figure 27. Historical changes in riparian vegetation in the Umpqua River basin, Oregon, 1920s—2009. Locations of photographs are
provided in appendix A.
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Scanned, digital GLO surveys and notes were acquired
from the Bureau of Land Management (2009) (table 7). Each
map was georeferenced by matching section lines depicted
on the maps with those from a recent PLSS coverage (Bureau
of Land Management and U.S. Forest Service, 2009). Using
meander surveys available for the Tidal, Coast Range, Garden
Valley, North Umpqua reaches, as well as a part of the
Roseburg reach, meandered bank lines were digitized to assess
changes in planform. All bars depicted in the meandered and
nonmeandered surveys were digitized to evaluate potential
changes in bar size and position. Additionally, for each survey
used in this study, the accompanying notes were reviewed, and
key descriptions of channel characteristics were cataloged for
comparison against more recent observations.

Comparison of the 1850s era GLO maps with the 1939
channel map reveals little detectable change in channel
position along the meandered reaches. Although the 1850s
channel commonly is depicted as wider than the 1939
channel, this is the likely consequence of the GLO mapping
being conducted during high-flow winter months (Bureau
of Land Management, 2009). Additionally, few gravel
bars are depicted in the GLO maps unless they are islands
(medial gravel bars) within the channel. This in part reflects
GLO mapping protocols focusing on surveying bank lines
separating flood-plain surfaces from water and active channel
features such as bars and bedrock outcrops. Consequently,
the GLO maps, because of the high flows at the time of the

Table 7.

survey and the mapping protocols, do not provide an ideal
source for comparison of gravel-bar area with more recent
aerial photographs. For example, although GLO channel
maps from 1853 to 1855 for the North Umpqua reach

show no bars attached to flood plains, it is unlikely that
attached bars were absent, as 22 medial bars were mapped
in 1853-18535, resulting in specific bar area of 3.8 m?/m

(fig. 28). In comparison, the specific area of medial bars was
5.9 m2/m in 1939 when the total bar area for this reach was
10.9 m2/m (figs. 16 and 28). Nevertheless, along much of
the North Umpqua reach, medial bars shown by the 1853-55
maps are at or near the same places as those in the 1939 aerial
photographs, although their size and shape have changed
(fig. 28).

Meander survey notes accompanying the GLO maps
describe bank height, bank composition, riparian vegetation,
channel width, and bar characteristics along the channel.
These historical observations generally match our channel
mapping and field observations (appendix B). For example, on
the North Umpqua reach, the banks were commonly described
as “gravelly,” especially where channel maps from 1939
onward show flood-plain-attached bars.

Very few bars were mapped in the Coast Range reach,
with the notable exceptions of Myrtle Island (FPKM 126), a
large, forested bar present in subsequent channel maps, and a
large delta at the mouth of Elk Creek (FPKM 72), which was
not present in later aerial photographs or maps.

Map and survey data reviewed in the Umpqua River, Oregon, sediment-transport study.

[Abbreviations: FPKM, flood-plain kilometer; NUFPKM, North Umpqua flood-plain kilometer; LIDAR, Light Detection and Ranging]

Original source for Type of map Date(s) of survey Coverage Reference
map or survey or survey
General Land Office Township surveys 1853, 1855, 1857, 1858, FPKM 0-169, Bureau of Land
1874 NUFPKM 0-45.5 Management, 2009

National Oceanic Bathymetric surveys 1886, 1920, 1971 FPKM 0-15 National Oceanic

and Atmospheric and Atmospheric

Administration Administration, 2009a
U.S. Geological Survey Plan and long profile 1914 FPKM 72-169, Marshall, 1915

surveys NUFPKM 0-45.5

U.S. Geological Survey Flood profiles 1972, 1973 FPKM 40-231 Oster, 1972, 1973, 1975

U.S. Geological Survey Digital elevation model

Watershed Sciences LIDAR survey

07-13-09

Based on topographic
maps from various
dates 1957-1989

04-21 to 04-23-09,

Full coverage U.S. Geological Survey,

2008; http://seamless.
usgs.gov/

FPKM 83-155.5 Watershed Sciences, 2009
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B. NUFPKM 25-28.5
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€. NUFPKM 29-31
A. NUFPKM 11-15
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NORTH UMPQUA REACH
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Base maps modified from U.S. Army Corps of Engineers
aenal photographzy and General Land Office maps.
UTM projection, Zone 1
Horizontal datum: North Amencan Datum of 1983
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Figure 28. Comparison of channel position at selected sites along the North Umpqua reach as depicted in General Land Office
surveys from 1853 to 1855 and channel maps based on aerial photographs from 1939.
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Although bars are not specifically mapped on the GLO
maps of the Roseburg and Days Creek reaches, survey notes
present at many of the major bars mapped from the 1939
aerial photographs indicate that these areas have been sites
of gravel deposition since at least the mid-19th century. Near
the location of Umpqua Sand and Gravel Bar (FPKM 171.4),
the survey notes state that the bank is “12 ft high and brushy,”
which together with the GLO meandered bank lines indicates
that the large, semistable bar vegetated with grasses and
shrubs present in the 1939 aerial photographs was probably
also present in the 1850s (fig. 22B). Similarly, at Little Valley
Bar (FPKM 189.8), the 1853 survey notes describe a “low and
sandy” bank, closely matching the aerial photographs from
1939 onward showing this area as a bare, low-elevation, active
gravel bar. In addition, two prominent secondary channels on
the Days Creek reach that are adjacent to large, active gravel
bars are depicted GLO maps as “Dry Bed of River” (FPKMs
250-252), indicating these areas have likely been zones of
dynamic gravel deposition for more than a century.

Vertical Changes in Channel Morphology along
Fluvial Reaches

Although aerial photographs and historical maps show
that channel planform along much of the Umpqua River
study area has remained stable for over a century, we also
assessed vertical changes in the position of the channel bed.
Several survey sources were used to assess vertical changes
to the longitudinal profile of the Umpqua and South Umpqua
Rivers: (1) USGS Plan and Profile surveys completed in
1914 for parts of the Coast Range, Garden Valley, and Days
Creek reaches (Marshall 1915; table 7), (2) thalweg elevation
surveys conducted by the USGS for a series of flood studies
encompassing all study reaches except for the Days Creek
reach upstream of FPKM 240 (table 7; Oster, 1972; 1973),
and (3) Light Detection and Ranging (LIDAR) topography
acquired in 2009, for the Coast Range reach between FPKM
83 and 155 (table 7; Watershed Sciences, 2009). Additional
detailed information on local changes to the channel bed was
derived from repeat surveys of instream gravel mining sites
and streamflow measurements from USGS streamflow-gaging
stations located at Elkton (FPKM 84.7), Brockway (FPKM
195.3), and Winchester (NUFPKM 2.4) (fig. 1).

Repeat Longitudinal Profile Surveys

Some of the earliest surveys that extend above the head
of tide and have broad spatial coverage were conducted by the
USGS in 1914 to identify areas for hydropower development,
and by the Corps of Engineers in the late 19th century to
improve navigation between Reedsport and Roseburg.
Because of their availability and extensive coverage, the
USGS Plan and Profile surveys were used to document the
historical longitudinal profile of the main stem Umpqua River
along the Coast Range reach. These early surveys depict

the outlines of riverbanks, islands, and rapids and include
contoured elevation data for the water surface and banks, in
which the river-surface contour interval is 1.52 m (5 ft) and
bank contour interval is 7.62 m (25 ft).

The USGS maps were scanned and georeferenced to
the Bureau of Land Management and U.S. Forest Service
(2009) Public Land Survey coverage using section corners
and rectified using a first order polynomial transformation that
yielded RMSE values of 10—-13 m. Water-surface elevations,
referenced to mean sea level, were digitized directly from the
maps and converted to meters (NAVD 88 datum) by assuming
that the vertical datum in the 1914 maps was approximately
similar to the NGVD 1929 datum used in subsequent Plan and
Profile maps from 1929. Because there has been little change
in the overall channel position between 1914 and 2005, the
river kilometer system based on the 2005 channel centerline
was used directly to determine the appropriate linear distance
for each water-surface elevation.

The most complete set of elevation data available for
the study area was derived from channel surveys conducted
by the USGS in support of flood studies in the early 1970s
(Oster, 1972; 1973). These surveys extend from FPKM 0 to
FPKM 240 and include channel thalweg elevations (NGVD 29
datum) at cross sections located approximately 300 m apart,
referenced to an arbitrary linear system developed for the
flood studies. The thalweg survey was aligned with the 2005
centerline reference frame by matching prominent landmarks
and tributary junctions as noted in the 1970s surveys. Thalweg
elevations were uniformly shifted by 2 m to approximate the
adjustment to the NAVD 88 datum, which can range from
1.5 to 2 m for the western United States (Zilkoski and others,
1992). LIDAR topography acquired in 2009 (table 7), was
available for a part of the Coast Range reach from FPKMs
83 to 155 and was used to extract water-surface elevations
at 50-m increments along the 2005 centerline. Although the
1970s thalweg elevations extend as far upstream as FPKM
240, the 1914 Plan and Profile data extend only to FPKM 180
while the LIDAR data encompasses only FPKM 83-155. In
total, the two profile surveys overlap for only the Coast Range,
Garden Valley, and lowermost part of the Roseburg reaches,
and all three datasets overlap for only the 72-km length of the
LIDAR survey.

Comparison of longitudinal profiles from 1914, the
1970s, and 2009 along the Coast Range and Garden Valley
reaches shows little variation over time (fig. 29). The mean
difference between the 1914 and 2009 water-surface profiles
is—0.09 = 0.34 m for 45 locations where 1914 water-surface
contours can be directly compared with the 2009 water-
surface elevation from the LIDAR survey. Considering
the many sources of error and uncertainty that arise when
comparing historical longitudinal profile surveys, including
uncertainties associated with matching the vertical datums,
registration errors, and likely errors in the surveys themselves
(more completely described by Magirl and others, 2005), this
mean difference is probably not meaningful. The greatest
discrepancy between the water-surface profiles occurs at a
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bedrock rapid downstream of Bullock Bridge (FPKM 119.3),
where the 1914 water surface was 1 m higher than the 2009
water surface (fig. 29), which could possibly reflect channel
modification due to historical navigation improvements.

Considering the close match between the historical and
modern river profile data, the main conclusion from these
comparisons is that there has been little systematic channel
incision or aggradation, at least between FPKM 75 and FPKM
185 (encompassing the lower part of the Roseburg reach, and
much of the Garden Valley and Coast Range reaches). This
result is consistent with the extensive bedrock in the channel,
which exerts overall control over the channel and water-
surface profile.

Specific Gage Analysis

Following the approach of Klingeman (1973) and
Smelser and Schmidt (1998), we conducted a specific gage
analysis for three USGS streamflow-gaging stations (fig. 30):
the main stem Umpqua River at Elkton (14321000), the South
Umpqua River near Brockway (14312000), and the North
Umpqua River at Winchester (14319500). The specific gage
analysis allows detection of changes in streambed elevation
by assessing changes in water elevation (stage) through time
for a set of discharge values. At USGS streamflow-gaging
stations, discharge is related to stage by a stage—discharge
rating curve, which is based on coupled stage and discharge
measurements taken at a range of streamflows. If channel
conditions change substantially (as shown by consistent
offsets of newer measurements from established rating
curves), or if a station is moved, a new rating curve will be
developed. The specific gage analysis evaluates trends in
downstream hydraulic control as indicated by the sequence of
rating curves; hydraulic control is, in turn, correlated to bed
elevation. For situations where channel width and roughness
remain stable (which aerial photographs indicate is the case
for the three Umpqua River sites), the sequence of stages for a
given discharge directly relates to changes in bed elevation.

Although the Umpqua River specific gage analysis
is relatively straightforward due to the stability imposed
by the bedrock channel, the gaging stations at each of the
three analysis sites were moved at least once, requiring
multiple datum shifts. Because the purpose of this task
was to detect potentially small changes in bed elevation,
we assessed changes in flow stage for low to moderate flows
(14-283 m?/s), which are more sensitive to minor adjustments
in bed elevation and are less likely to be influenced by
temporal changes in bank vegetation or changes in bank shape.

The specific gage analysis (fig. 30) shows that all three
stations have had little change in stage associated with low
flows over the period for which flow data are available. At

the Umpqua River station near Elkton (fig. 30A), the gage
location has changed four times over the period 1906-2008,
with stages changing very little while at each location. For
1906-57, stage for each discharge varied by less than 0.12 m,
whereas during 1957-72, stage at 14 m3/s decreased by
approximately 0.2 m. For 1972-2008, stage for all discharges
changed less than 0.15 m, indicating negligible change in bed
elevation. The gage analysis for the North Umpqua River at
Winchester spans 1924-30 and 1955-2008 (fig. 30C). For all
discharges, and across both periods, measured stage changes
are small, with the largest and most systematic being the
decrease of 0.1 to 0.15 m associated with the 28 and 57 m3/s
flow rating curves for 1955-2008. The South Umpqua River
gaging station near Brockway provides data for 1906-12,
1924-28, and 1942-2008 (fig. 30B). For all three periods, the
Brockway gage also shows only small changes in stage for
the discharges used in this analysis. For 1942-2008, stage has
lowered between 0.05 and 0.1 m for all discharges used in the
analysis.

Bar Evolution and Rates of Deposition at Mined
Sites from Repeat Surveys

Survey data for 200109 for six instream gravel-mining
sites in the Roseburg and Days Creek reaches were used to
calculate recruitment rates and to examine the evolution of
individual bars as they responded to gravel extraction and
various magnitude flood events. Although the South Umpqua
River mining surveys reviewed in this study (table 8) do not
account for all mining sites with either current or expired
permits in the basin, these six sites are the ones with the most
comprehensive survey records. All surveys used in this study
were provided by the gravel operators and were conducted
as a condition of permitted aggregate removal. During years
of mining, the gravel bars generally were surveyed once in
the midsummer prior to extraction to determine erosion or
deposition during the previous winter, and then subsequent
to mining (typically late summer or early fall) to document
extraction volumes. From these surveys, the surveyors report
“cut” and “fill” volumes in cubic yards. “Cut” volumes
account for both erosion and extraction, although the survey
notes and conditions generally provide interpretation of
whether these volumes reflect deposit mining or erosion (IE
Engineering, written commun., 2008; Joy Smith, Umpqua
Sand and Gravel, written commun., 2010; Mike Flewelling,
Knife River Inc., written commun., 2010). Volumes were
converted to mass by assuming a bulk density of 2.1 metric
tons/m3 on the basis of data collected by Milhous (2001) as
presented in Bunte and Abt (2001).
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Pairs of surveys at three sites conducted from 2001 to
2004 report cut and fill volumes that include mining, erosion,
and deposition, as well as the net change in bar volume.
Annual surveys at the other three sites during 2001-04, and all
sites during 2005-09, when there was no mining, provide only
the net annual volumetric change. Because the surveys were
conducted during the low-flow season, volumetric changes
detected at each bar are assumed to have occurred during the
previous high-flow season. For example, survey data from the
summer of 2008 is used to judge bar growth occurring during
WY 2008.

Survey information for the six sites of historical gravel
bar mining on the South Umpqua River show that mined
volumes in 2001-04 for three actively mined sites (Umpqua
Sand and Gravel Bar, Weigle Bar, and Days Creek Bar) ranged
from 610 to 21,500 metric tons. The three other sites (Shady
Bar, Little Valley Bar, and Gazley East Bar) had no mining
during this period. These records and communication with
individual operators indicate that none of the analyzed bars
were mined after 2004. Since then, each of the six bars has
accumulated gravel, with four of the six bars now showing
positive balances relative to first available surveys (fig. 31).

Volumetric changes to the mined sites are most easily
assessed for 2004-09, during which there was no mining
and all topographic changes to the bars resulted from fluvial
erosion and deposition. For this period, the deposition at
individual bars ranged from 80 metric tons at Days Creek Bar
during the low-flow year of 2004-05 to 30,600 metric tons at
Shady Bar during the relatively high flows of 2005-06 (table_
8). Losses due to erosion have ranged from 10,960 metric
tons at the Umpqua Sand and Gravel Bar during the low-flow
period of 2000-01 to 350 metric tons of erosion at Weigle
Bar during 2003-04 (table 8). There can also be considerable
variation between sites during a single year. For example,
during the winter of 2004-05, Gazley East Bar (FPKM 232)
lost 9,240 metric tons of gravel to erosion, while Little Valley
Bar (FPKM 189.7) and Weigle Bar (FPKM 211) gained 2,610
and 2,450 metric tons of bed material, respectively (fig. 31;
table 8).

Nearly all surveyed bars had volumes that substantially
increased (aggrading as much as 0.5 m) during the winter
0f 2005-06 in conjunction with high flows, including the
December 31, 2005, peak of 2,164 m%/s, the highest peak flow
on the South Umpqua River since December 1996 (fig. 31).
Deposition volumes for individual bars for the winter of
2005-06 ranged from 8,370 metric tons at Weigle Bar to
30,600 metric tons at Shady Bar. During more typical water
years such as 2007 (which had a peak flow of 1,302 m3/s on
December 26, 2006, similar to the 2-year flood recurrence
interval discharge at the nearby USGS streamflow-gaging
station at Brockway), net changes ranged from 2,800 metric
tons of erosion at Days Creek Bar (FPKM 249.9) to

9,750 metric tons of deposition at Shady Bar. The only

bars that clearly have not regained the volume of sediment
documented in the first survey are Days Creek Bar at FPKM
250 and Weigle Bar at FPKM 211, both of which had large
amounts of gravel removed in 2004 (table 8).

The deposition volumes recorded by these surveys give
a minimum indication of local bed-material flux rates for flow
approaching the bar since the accumulated volume must have
been transported from upstream. These volumes are minimum
values because some bed material in transport undoubtedly
bypassed each site and because the net changes detected by
surveys do not completely distinguish the volume eroded from
the bar surface from the total deposition volume. Nevertheless,
these minimum flux values provide secure evidence of
bed-material transport rates.

For example, the surveys at Shady Bar at FPKM 186.2
indicate minimum annual bed-material flux rates of 2,810—
30,600 metric tons during WY 2002—-08. Additionally, these
bar surveys show that the bars primarily increase in size
during high-flow years, and that low-flow years, such as 2005,
result in either erosion or very little deposition. Although these
repeat surveys provide constraints on site-specific bed-material
flux rates and spatial and temporal patterns of bar erosion and
deposition, the depositional volumes documented by surveys
of mined bars cannot be extrapolated to estimate reach-scale
depositional volumes for all bars because bar mining almost
certainly creates depositional space, which enhances future
deposition in comparison to unmodified bars.

Planform and Bathymetric Changes in the
Tidal Reach

Channel and bar morphology in the Umpqua River
estuary are substantially different from those in the fluvial
reaches. Datasets unique to this reach provide the opportunity
to track changes to channel planform and bathymetry over
time, and enable assessment of the rate of bed-material
replenishment relative to volumes dredged for aggregate as
well as for navigation maintenance. Similar to the upstream
fluvial reaches, changes to channel planform and bar area
on the Tidal reach were evaluated using repeat mapping
based on aerial photographs from 1939, 1967, and 2005,
but the digitizing protocol and mapping scale were tailored
specifically to the Tidal reach. Temporal variation in the
bathymetry of the Umpqua River estuary was evaluated
through comparison of repeat bathymetric surveys from
1886, 1920, and 1971. Additional information on channel
morphology, processes, and sediment transport in the Tidal
reach includes cross-section surveys and reports describing
bathymetric changes in the area where commercial dredging
historically occurred (FPKM 26-30.5) and GLO surveys
dating to the 1850s.
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Table8.  Survey data for mined sites on the South Umpqua River, Oregon, 2001-2009.

[Survey data provided by the gravel operators. At most sites, surveys from 2001-04 provide raw cut and fill volumes, but for 2005-09, only the net volumes
were provided. Survey volumes were converted to mass using a bulk density of 2. Abbreviation: FPKM, flood-plain kilometer; —, no data; na, not applicable]

Net deposition, extraction,

Raw survey data .
and erosion volumes

Survey Bar process Erosi
Operator date recordedin Surveyed raw Surveyedraw  Deposition  Extracted ro::;n Notes
survey cut mass fill mass mass (mined) mass .
. . . . (metric
(metric tons) (metric tons)  (metric tons) (metric tons) tons)
Umpgqua Sand and Gravel Bar, FPKM 171.4
Umpqua Sand 09-00 - - na na na
and Gravel'  0g.01  Erosion -11,510 550 -10,960
08-01 Extraction -10,390 1,120 na -9,260 na
08-02  Deposition -1,220 3,220 2,000 na na
08-03 Deposition -1,580 4,290 2,710 na na
10-03  Extraction -1,550 940 na -610
07-04  Deposition - - 1,790 na Bulk of deposit near one
transect (L3)
09-04 Extraction - - na -1,910 na Most of material mined
between two transects
(L3 and L4)
05-06  Deposition - - 15,920 na na  Bar migrated upstream;

decreased length,
increased width and
elevation (~0.3-0.6 m)

07-07 Deposition - - 1,650 na na Minor increase in bar
elevation (~0.3 m)

06-08  Deposition - - 3,110 na na  Minor increase in bar
elevation (~0.3 m), more
defined side channel

developed

10-09  Erosion - - na na -1,580 Most erosion on
downstream one-third to
one-half bar

Shady Bar, FPKM 186.2
Knife River 07-01 Deposition -1,400 9,590 8,180 na na Fill quantities almost
Corporation? entirely from additional

gravel in stock piles

07-02 Erosion -3,750 1,260 na na -2,490

07-03 Deposition -2,030 7,370 5,340 na na

08-04  Deposition - - 10,420 na na  Mining across and along
bar

07-05  Erosion - - na na -2,770

05-06 Deposition - - 30,600 na na Uniform increase in bar

elevation (~0.3-0.6
m) measured at each

transect

06-07 Deposition - - 9,750 na na Indiscernible difference
for transects between
surveys

06-2008 Deposition - - 2,810 na na Indiscernible difference

for transects between
surveys
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Table 8.  Survey data for mined sites on South Umpqua River, Oregon, 2001-2009.—Continued

[Survey data provided by the gravel operators. At most sites, surveys from 2001-04 provide raw cut and fill volumes, but for 2005-09, only the net volumes were
provided. Survey volumes were converted to mass using a bulk density of 2. Abbreviation: FPKM, flood-plain kilometer; —, no data]

Net deposition, extraction,

Raw survey data .
and erosion volumes

Survey Bar process Erosi
Operator date  'ecordedin Surveyed raw Surveyedraw  Deposition  Extracted rosion Notes
. . mass
survey cut mass fill mass mass (mined) mass .
. . . . (metric
(metric tons) (metric tons)  (metric tons) (metric tons) tons)
Little Valley Bar, FPKM 189.7

Knife River 09-02 - - na na na
Corporation®  07-03 Deposition -2,310 7,600 5,290 na na

07-04 Deposition -470 3,600 3,130 na na

07-05  Deposition - - 2,610 na na

05-06  Deposition - - 9,200 na na  Increase in bar elevation
(~1to 4 feet)

07-07  Deposition - - 3,110 na na Increased elevation
upstream, decreased
elevation downstream

06-08  Deposition - - 1,680 na na

09-09 Deposition - - 1,250 na na

Weigle Bar, FPKM 211
Knife River 07-02 - - na na na
Corporation®  07-03 Deposition -740 2,300 1,570 na na

07-04 Erosion -1,140 790 na na -350

09-04  Extraction - - na -13,160 na Increase in bar elevation
(~2 to 5 feet)

07-05 Deposition - - 2,450 na na

05-06  Deposition - - 8,370 na na

06-07 Erosion - - na na -1,870

06-08  Deposition - - 170 na na

09-09  Deposition - - 480 na na

Gazley East Bar, FPKM 232
Knife River 07-02 - - na na na
Corporation?  07-03  Deposition -2,420 3,950 1,530 na na

08-04  Deposition - - 4,500 na na

07-05  Erosion - - na na -9,240

06-06  Deposition - - 20,810 na na Increase in bar elevation
(~0.5-2 feet)

06-07 Erosion - - na na -1,930

06-08  Deposition - - 1,300 na na

09-09 Deposition - - 1,590 na na
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Survey data for mined sites on South Umpqua River, Oregon, 2001-2009.—Continued

[Survey data provided by the gravel operators. At most sites, surveys from 2001-04 provide raw cut and fill volumes, but for 2005-09, only the net volumes
were provided. Survey volumes were converted to mass using a bulk density of 2. Abbreviation: FPKM, flood-plain kilometer; —, no data]

Net deposition, extraction,

Raw survey data .
and erosion volumes

Survey Bar process Erosi
Operator date  'ecordedin Surveyed raw Surveyedraw  Deposition  Extracted rosion Notes
. X mass
survey cut mass fill mass mass (mined) mass .
. . . . (metric
(metric tons) (metric tons)  (metric tons) (metric tons) tons)
Days Creek Bar, FPKM 249.9
Knife River 07-02 - - na na na
Corporation”  07-03  Erosion -4,880 3,230 -1,660
07-04 Deposition -4,810 5,940 1,140 na na
09-04  Extraction - - na -21,500 na  Most of material mined
between two transects
(7+48.33 and 8+86)
08-05  Deposition - - 80 na na
05-06  Deposition - - 9,210 na na  Previously extraction zones
filled with deposition
material
06-07 Erosion - - na na -2,800
06-08  Deposition - - 6,630 na na  Water flow in extraction
zone
09-09  Deposition - - 1,940 na na
Gazley West Bar, FPKM 231
Knife River 09-09  Deposition - - na na na

Corporation

! Survey data provided by Joy Smith, Umpqua Sand and Gravel, written commun., 2008-10.

2 Survey data provided by Mike Flewelling, Knife River Corporation, written commun., 2008—10 and IE Engineering, written commun., 2008 and 2009.



Valley Bottom Mapping and Analysis of Historical Channel Change

10 _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII TTTTTTTTTTITTTTITTIT I T T IIIIIIIIII-l: 20
- South U d and |, FPKM 171.4 l\élissing E
C out mpqua sana an ravel, B —
5 b g 2005 - 10
o o o = e s E—
5 —-10
'10 :IIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-':-20
35 EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID:
30 & 7
5 = 60
25 E- Shady, FPKM 186.3 EXPLANATION E
20 E |:| Extraction 3 40
15 E I Erosion ]
10 ;— [ Deposition — 20
5 E Cumulative change
0E = O [1 = 1 = 40
-5 EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:
15 _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.I_ 30
10 - Little Valley, FPKM 189.9 = 2
5 =10
® - ]
g oF N
<] - ]
.9 -5 _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-O: 10
o)
a 5_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII": 10
s C ]
_g [ -
C = ]
& 0 = O H =1 0
(%]
> - -
o - -
= - Weigle, FPKM 211 m
£ 5 — —-10
< C ]
E B h
E -10 _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'!'_20
15 _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.I_ 30
10 - —f 20
C Gazley East, FPKM 232 ]
5 — 10
0: ’E/ﬂ\ _ = o B ]
—5 :IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII]IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII: 10
5_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_ 10
E Days Creek, FPKM 250 T H ]
= 3
0F || 30
_5:_ —:-10
10 B =
—15 :IIIIIIIIIII Lrrrrrrrrrrbrrrrrrrrrredrrrrrrrrerebrrrerrrrrrebrevrrrereveberrrererreetrrerrrrrrev by IIIIIIIIII'I:_30
500 T 2500
] ]
25 EXPLANATION ¢ = 2000
S ([ ] Peak discharge =
23 300 [ Mean monthly discharge ® 3 1500
>0 ° hd ]
o —
‘g"a,‘ 200 — 1000
gE 3
§_§ 100 —5500
= 0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year

Figure 31.

Mass, in thousands of metric tons

Peak discharge, in cubic
meters per second

Gravel bar volume changes during 2001-09 at instream gravel mining sites along the South Umpqua River, Oregon.
Refer to table 8 for data sources and values underlying this figure. For sites with missing surveys, cumulative totals assume
no net change for the period of missing data. Mean monthly and annual (water year) peak flows are from the USGS data for
streamflow-gaging station on South Umpqua River near Brockway (station 14312000).
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Mapping of Tidal Reach from Aerial Photographs
and General Land Office Surveys

The overall process used to map channel and bar features
in the Tidal reach from aerial photography is similar to that
described previously for the fluvial reaches, with complete
details on the aerial photograph acquisition, rectification,
mosaicking, and digitizing methods provided with the
geographic information system metadata (find at http://
www.geodata.gov). The three main differences between the
approach used to map channel features on the Tidal reach and
that used on the upstream fluvial reaches were: (1) mapping
was conducted at a scale of 1:10,000 instead of 1:3,000
because of the much larger dimensions of channels and bars,
(2) for the Tidal reach, the mapping unit “bar” refers to the
broad, fine-grained sand bars and mudflats, whereas bars on
upstream reaches are primarily gravel, and (3) vegetation
cover on Tidal reach bars included riparian shrubs and grasses
similar to that observed on upstream bars, but some of the
low-elevation bars also had substantial algal cover.

Mapping in the Tidal reach also is influenced by the tide
level at the time the aerial photographs were acquired. Tide
levels in the Umpqua River estuary can vary by as much as
2.6 m, but the mean range is approximately 1.6 m (on the
basis of data from the National Oceanic and Atmospheric
Administration [2009a]). Although tide level for the 1939,
1967, and 2005 photographs is unknown, the presence of
expansive mudflats, which typically are inundated at high tide,
indicates that most were acquired at low tide levels. Lastly, the
aerial photographs from 1967 exclude the mouth of the river
between FPKM 0 and 7. Therefore, although channel maps
from 1939 and 2005 encompass the entire Tidal reach, the
analysis of bar area, centerline length, and other metrics only
include features from FPKM 7 to 40, where all three periods
have complete photograph coverage.

Early maps and aerial photographs of the Tidal reach
show that between Scottsburg (FPKM 40) and its confluence
with Smith River (FPKM 15), the Umpqua River gradually
widens from 143 to 500 m (as measured from 2005 aerial
photographs) as the channel exits the Coast Range and
approaches its mouth near Reedsport (FPKM 0) (fig. 6).
Between Scottsburg and Brandy Bar (FPKM 27.5), there are
only two small gravel bars, but between FPKM 15 and 27
there are 10 bars (fig. 6). These are predominantly forested
islands with areas ranging between 30,000 and 50,000 m?2,
Near its confluence with the Smith River, the Umpqua River
widens, creating a broad depositional complex of attached and
medial bars including Bolon Island (FPKM 13) and Black’s
Island (FPKM 14) (fig. 6).

Channel mapping from 1939, 1967, and 2005 aerial
photographs show that the overall character of the Tidal reach
has remained similar, although individual bars have shifted.
The role of navigation improvements also is apparent along
the lower 5 km of the channel, where bank protection and
jetties have imposed a stable channel planform. Between
1939 and 2005, there was a 21 percent net decrease in the
area of mapped bars in the Tidal reach, but uncertainty due to
differences in tide level and discharge in the underlying aerial
photographs make it difficult to determine if differences in
mapped bar areas reflect actual changes in sediment storage
(fig. 32).

For example, between 1939 and 1967, mapped bar
area decreased 32 percent, but the discharge in the 1967
photographs was nearly 8 times greater than that in the
1939 photographs, and the high flows likely obscured many
low-elevation bars and biased the channel maps towards
small measured bar areas (table 6; fig. 32). Discharge in the
2005 photographs is similar to that in the 1939 photographs,
exposing many bars, including the large mudfiats downstream
of Smith River (fig. 6B) and increasing the total area of
mapped bars by 17 percent between 1967 and 2005 (fig. 32).
Although the low discharge biases the 2005 channel maps
towards increased bar areas, some bars upstream of the Smith
River confluence decreased in size during 1939-2005 (such as
the medial bars near FPKM 15.8 as depicted in fig. 6B), which
could partially explain the 21 percent net decrease in bar area
from 1939 to 2005.

Comparison of the GLO maps from 1857 to 1858 with
20th century aerial photographs supports the general findings
from the repeat channel mapping that channel planform
along the Tidal reach has been substantially similar over the
148-year analysis period (fig. 33). However, comparison of
the historical and modern maps also shows changes in bar
vegetation attributable to development in the Umpqua River
estuary. Notes accompanying the General Land Office surveys
from 1858 describe Goose, Duck, and Black’s Islands (all
situated near the mouth of Smith River) as “[composed of]
sand, level marsh with heavy growth of grass” (appendix B),
and although aerial photographs from 1939 depict possible
grass and other herbaceous vegetation, the dominant
vegetation in the 1967 and 2005 photographs is low, light-
green vegetation that probably comprises mostly algae and
rooted aquatic plants. Snelling’s Island (opposite the mouth
of Smith River) had “scattered timber” and “heavy grass”
according to the 1858 survey notes, but was developed into an
industrial area by 1939. Similarly, the southern part of Bolon
Island was “hilly” in 1858, forested in the 1939 photographs,
and then developed by the time of the 1967 photographs.


http://www.geodata.gov
http://www.geodata.gov
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Figure 32. Channel planform changes during
1939-2005 between FPKM 7 and 40 for the Tidal
reach of the Umpqua River, Oregon.
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Bathymetric Data Used in Study

To characterize bathymetric changes to the Tidal reach,
we compared three historical hydrographic surveys completed
by the U.S. Coast and Geodetic Survey in 1886, 1920, and
1971 (National Oceanic and Atmospheric Administration,
2009b). These maps all show soundings spaced at 15- to
50-m intervals extending from the mouth of the Umpqua
River to its confluence with the Smith River (FPKM 15). The
1971 elevation data were available as scanned sheets and
digital elevation points. The scanned sheets have latitude and

longitude lines corresponding to the North American Datum of
1927 (NAD 27) that were used to georeference the maps. The
1920 maps were registered to the georeferenced 1971 survey
using survey points common to both maps and NAD 27
coordinates annotated to each map in the 1930s. The 1886 map
was registered by matching its latitude and longitude lines

to those of the 1920 map. The registered maps were rectified
using a first order transformation. Soundings, elevation
contours, and bank lines were digitized from the rectified
maps. For 1971, soundings were already in digital format and
therefore were not digitized as part of this study.
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The elevation data in the original surveys were
referenced to Mean Lower Low Water (MLLW), which we
converted to NAVD 88 using VDatum (National Oceanic
and Atmospheric Administration, 2009c). On the basis of
National Oceanic and Atmospheric Administration (NOAA)
charting procedures (Mark Frydrych, National Oceanic and
Atmospheric Administration, written commun., December
2009), we assumed that changes in MLLW due to variation in
tidal epochs were insignificant. The bank lines bounding the
surveyed channel bed were assumed to have an elevation of
1.6 m, which was the Mean Higher High Water elevation used
by National Oceanic and Atmospheric Administration (2006)
to derive a continuous surface from the 1971 survey. The final
network of elevation points and contour lines were used to
develop Triangulated Irregular Network (TIN) surfaces of the
bathymetry from each period, which were converted to raster
format with the TIN to Raster tool in 3D Analyst Toolbox
using linear interpolation (fig. 34). Cross sections were then
extracted at key locations from the gridded three-dimensional
surfaces to evaluate changes to channel geometry over time
(fig. 35).

Another set of survey data available for the Tidal reach
includes cross sections from FPKM 26-30.5 near the site
historically dredged by LTM, Inc. These data were obtained
by LTM, Inc. and were provided by Lidstone and Associates
(written commun., 2008). In addition, a report by CH2M Hill
(1971) furnishes soundings of the commercially dredged areas
from 1970.

Uncertainty and Limitations with Repeat Survey
Data

The total uncertainty regarding the bathymetric surfaces
created from the survey data of 1886, 1920, and 1971 is a
function of the original data and the processing involved
with creating digital maps and interpolated surfaces of the
bathymetries. Although the accuracy of the maps from 1886
and 1920 is unknown, the process by which the original maps
were registered, rectified, and digitized may have introduced
horizontal uncertainty on the order of £15.5 m (based on
distances between benchmarks digitized from the surveys
versus the corresponding NOAA published benchmark
location), but in most places the horizontal uncertainty is
much lower, with average values ranging from 1.8 to 4.2 m.
The 1971 bathymetric data published by NOAA are described
as having horizontal accuracy of 3 m and vertical accuracy of
1 m for depths greater than 20 m and of 0.2 m for depths less
than 20 m (National Oceanic and Atmospheric Administration,
2006).

Results of Repeat Surveys

Inspection of the repeat bathymetric data indicates that
the Tidal reach is dynamic, with areas of deepening and
aggradation, but the overall trend for most time sequences is
thalweg deepening. Repeat bathymetric surveys for the lower
estuary (FPKM 0-15) shows that thalweg deepening is most
prominent downstream of Winchester Bay (FPKM 1) where
navigational dredging has resulted in more than 10 m of bed
lowering. Substantial deepening is also evident upstream to
FPKM 7, where the 1971 thalweg is more than 5 m deeper
than the channel bed in 1886 (figs. 34 and 35), although other
areas show little net change (figs. 35E and 35F). The large bar
complexes, including Steamboat, Bolon, and Black’s Islands,
have migrated and changed in extent between 1886 and 1971
(fig. 34) in conjunction with deepening of the thalweg adjacent
to these bars (for example, cross section C in fig. 35).

Examination of cross sections and reports documenting
bathymetric change in the reach historically dredged for
aggregate (FPKM 26-30.5) shows considerable variability
between cross sections, with some areas becoming shallower
over time, whereas other areas show up to 1.4 m of deepening.
The overall trend evident in the repeat cross sections supplied
by LTM Inc. was that dredged areas were not substantially
replenished in subsequent surveys. The repeat bathymetric
surveys for the 1971 CH2M Hill analysis showed that
excavations in areas not mined for more than 5 years had not
been refilled. Based on these limited data, we infer that the
supply of bed material entering the Tidal reach is less than
the 136,380 m? average annual rate of commercial dredging
(based on extraction volumes from 1949 to 2002 as presented
in CH2M Hill [1971] and by Lidstone and Associates, written
commun. [2009]).

Summary of Channel Morphology and Historical
Channel Change

Within the fluvial reaches, the North Umpqua, South
Umpqua, and main stem Umpqua Rivers are a mixed alluvial
and bedrock river system with an active channel composed
of bedrock and gravel alluvium. Most of the mapped gravel
within these reaches is stored in large bars (greater than
20,000 m2) deposited within large amplitude river and valley
bends. Although widely spaced, these large bars account for
nearly 60 percent of the total gravel area within the study
area (as mapped from aerial photographs from 2005). More
numerous gravel “patches” typically are small (less than
2,000 m2) and thin veneers of gravel overlaying and adjacent
to bedrock outcrops, particularly at rapids and channel bends

(fig. 16).
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Throughout the 70-year period of available aerial
photographs, gravel has been most abundant along the Days
Creek and Roseburg reaches where specific bar area was 17.6
and 13.6 m%/m in 2005 (respectively), but, locally, the channel
in these reaches flows on bedrock. In contrast, the channels
of Coast Range and North Umpqua reaches are dominated by
bedrock outcrops and have much lower specific bar areas of
5.1 and 6.7 m2/m in 2005. The Garden Valley reach also has
more exposed bedrock than gravel bars, as this short (20-km
long) transitional reach between the Coast Range reach and
the confluence of the North and South Umpqua Rivers had
only 12 gravel bars in 2005 and a specific bar area of 5 m2/m.
The relative abundance of gravel along the Roseburg and Days
Creek reaches is consistent with relatively large contributions
from the Klamath Mountains terrain.

The abundant in-channel bedrock and generally close
flanking valley walls of the fluvial reaches restrict channel
movement, and there are no reaches of extensive lateral
channel migration and consequent bar growth. The Roseburg
reach has the greatest sinuosity and its planform is likely the
most mobile of all fluvial study reaches, but historical channel
change primarily has occurred during major floods when
minor shifts in local channel position can be accommodated by
corresponding changes in adjacent gravel bars (fig. 9C). The
general stability and bedrock character of the fluvial reaches
is consistent with historical maps and descriptions noting
channel position and substrate character as far back as the
1820s. There is no evidence of substantial incision along the
fluvial reaches, probably due to the widespread occurrence of
bedrock in the channel. The specific gage analysis, however,
indicates local channel lowering of approximately 0.1-0.2 m,
which is probably reflective of bedrock incision.

For most fluvial reaches, total bar area has decreased
over the period of historical aerial photograph analysis,
although this assessment is confounded by different discharges
associated with the photographs and by bar growth evident
for most reaches in the 1967 photographs, probably resulting
from the 1964 flood. Overall, the total area of mapped gravel
in the fluvial reaches decreased 29 percent between 1939 and
2005, but decreases in bar area and associated increase in
active-channel bedrock is most evident for the Roseburg, Days
Creek, and North Umpqua reaches. The 59-percent decrease
in gravel bar area and 115-percent increase in bedrock area
since 1967 on the North Umpqua reach is probably, at least
in part, due to the 1952-55 construction of hydropower dams

upstream of the study reach, which trap bed material from
32 percent of the North Umpqua basin. Long-term variation
in climate probably also has contributed to decreases in bar
area, as peak flows have declined since the 1950s on the
lower North Umpqua River, South Umpqua River, and several
tributaries (table 2), which may have contributed to vegetation
encroachment on bars and decreased gravel transport.
Historical increases in bar area resulted primarily
from scouring and fresh deposition on flood-plain surfaces
(especially in 1967) and by bar growth into areas formerly
inundated by the low-flow channel. Bar erosion primarily
has resulted from lateral channel shifting, which trims low-
elevation margins of bars and is the main style of channel
change during low-flow years. Nearly all study reaches had
substantial increases in bar area between 1939 and 1967
resulting from the December 1964 flood, but smaller increases
in bar area associated with a series of floods during the winter
of 1996-97 are evident in photographs from 1995 to 2000.
Overall patterns of bar growth and erosion detected from
repeat mapping from aerial photographs are consistent with
repeat bar surveys for sites of historical gravel mining in the
Days Creek and Roseburg reaches. These surveys, dating
from 2001 to 2009, indicate that bars increase in size during
high-flow years, and that local bed-material flux rates may
exceed 30,000 metric tons/yr for some locations and years.
The Umpqua River in the Tidal reach has a much
lower gradient, resulting in large and expansive flanking
bars composed primarily of sand and mud, in contrast to
the smaller gravel-rich bars in the fluvial reaches. This
reach is a drowned Holocene valley for which basinwide
sediment delivery has not been sufficient to construct a
graded profile to the Pacific Ocean. Historical changes to
channel planform in the Tidal reach have predominantly
been the shifting boundaries of the large bar complexes
near the mouth of Smith River. Additionally, navigational
improvements farther downstream and jetty construction
at the entrance to the Umpqua River have stabilized the
channel planform. Differences in tide level and discharge
at the time the aerial photographs were acquired make it
difficult to discern historical trends in bar area in the Tidal
reach. Repeat bathymetric surveys from 1886, 1920, and 1971
indicate thalweg incision, probably resulting from dredging
for aggregate as well as channel deepening for navigation. In
some locations, the thalweg in the Tidal reach was more than
10 m deeper in 1971 than in 1886.




Bed-Material Characterization and
Transport

Bed-Material Characterization and Source

Three primary objectives motivated sampling of bed
material throughout the Umpqua River study area. First,
a detailed dataset of grain-size distributions collected at
closely spaced intervals throughout the study area provides
a foundation for evaluating longitudinal trends in transport
capacity (for example, Wallick and others, 2010). Secondly,
collection of particle-size data from both the surface and
subsurface of gravel bars enables calculation of armoring
ratios, which can be used to assess the spatial patterns in
sediment supply relative to transport rates (Dietrich and
others, 1989; Bunte and Abt, 2001). Third, spatial patterns in
clast lithology can be used to assess bed-material contributions
from tributary basins (Wallick and others, 2010).

Gravel Distribution and Textures

Throughout most of the study area, the Umpqua River
above the head of tide, along with the North Umpqua and
South Umpqua Rivers, flows directly on bedrock alternating
with boulder-cobble substrates. Locally flanking the channel
are gravel bars, commonly small, thin, and discontinuous
above and adjacent to bedrock outcrops. Some bars, however,
are large, with areas that exceed 120,000 m?2 and thicknesses
of possibly several meters. As mapped from 2005 aerial
photography, the total area of roughly 336 gravel bars
(minimum mappable area 300 m2) along the main stem
Umpqua and South Umpqua Rivers between the head of tide
(FPKM 40) and Tiller (FPKM 273.1) was approximately
2.7 km?2 (fig. 21), accounting for only 10.5 percent of the total
active channel area and covering much less area than the
19 km? of low-flow channel area.

Positions of most bars are fixed by valley physiography
and bedrock outcrops, but although their locations are constant
over time, aerial photographs show that bar texture and overall
appearance can change in response to flow conditions. Bar
height above the low-water surface, as determined from field
observations and LIDAR topography (which covers part of
the Coast Range reach), ranges from below the low-flow water
surface on the low-elevation bars to more than 1 m on the high
surfaces of stable bars.

Sampling

Bed-material textures on gravel bars along the Umpqua
River system were measured by sampling 51 bars throughout
the study area in August 2009. Of these, 27 were on the South
Umpqua River, 5 on the North Umpqua River, 14 on the
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main stem Umpqua River, and 5 on other tributaries (table 9).
Along the main stem Umpqua and South Umpqua Rivers
between Scottsburg (FPKM 40) and Tiller (FPKM 273.1),
the average distance between sampling sites was 6.5 km. The
distance between sample sites was greater, reaching intervals
of as much as 20 km, along the lower reaches where bars

are sparse. Sampling sites were selected on the basis of bar
size, accessibility, and their ability to represent reach-scale
conditions. All five sample sites on the North Umpqua River
were located upstream of Winchester Dam (FPKM 180.9), as
no substantial gravel deposits were found downstream of the
dam. Sites on three major tributaries (Calapooya, Myrtle, and
Cow Creeks) also were sampled to characterize bed-material
sediment entering the Umpqua River system.

Surface-particle sizes at each of the sampling sites were
measured by a modified grid technique (Kondolf and others,
2003). At each site, 200 particles were measured at 0.3-m
increments along two parallel 30-m tapes using an aluminum
template (Federal Interagency Sediment Project US SAH-97
Gravelometer). The tapes were spaced 1-2 m apart and were
aligned parallel to the long axis of the bar (fig. 36).

Although most sampling was conducted at bar apices to
enable consistent comparisons, bedrock outcrops, vegetation,
and irregular bar topography resulted in some bars not
having a clearly defined apex (which we defined as the
topographic high point along the upstream end of the bar). In
such instances, a section of the bar that appeared active and
representative of the overall bar was measured. Few of the
bars, however, had uniform surface textures; many either had
irregular patches of different-sized clasts, varying amounts
of exposed bedrock and vegetation, or had been disturbed
by vehicle traffic. Hence, some variation among bars can be
attributed to local depositional conditions and post-deposition
disturbance.

Bed-material substrate was sampled at 30 of the
51 surface-material sites to evaluate textural differences
between the surface and subsurface material (a measure of
“armoring”) and to support sediment transport calculations.
The samples were collected by removing the surface layer to
a depth approximately equal to the maximum grain size, and
then collecting approximately 40 L of sediment from an area
approximately 30-50 cm in diameter and 30-50 cm in depth
(fig. 36). The bed-material substrate was analyzed by the
USGS Sediment Laboratory in Vancouver, Washington, where
the samples were dried and sieved into half-phi intervals. Total
sample weights ranged from 53 to 83 kg, with an average
sample weight of 69 kg. At many sites, the sample weight did
not quite meet the criteria suggested by Church and others
(1987), although 22 of the 27 samples had sample weights
that were at least 50 percent of the recommended weight.
These same 22 samples were judged to have medium accuracy
(whereby the largest particle represented no more than
1 percent of the total sample mass).
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12 Channel Change and Bed-Material Transport in the Umpqua River Basin, Oregon

A. Western Bar, FPKM 220.8

Figure 36.

Assessment of Bed-Material Sizes

For the surface samples of the Umpqua and South
Umpqua Rivers, the median particle diameter (D) ranged in
size from 16 to 122 mm (fig. 37; table 9). As for most rivers,
median bed-material particle size diminishes downstream.
The coarsest samples were measured along the Days Creek
reach between FPKM 240 and FPKM 268, where the channel
flows through a series of large, alternating bars downstream
of the confluence of Coffee Creek. Variability is greatest
within the Days Creek and Roseburg reaches, where surface
material median grain-size diameter (D) can differ by more
than 30 mm between bars spaced 2—-3 km in distance (fig. 37;
appendix C). This heterogeneity in surface textures reflects the
wide ranging differences in the size and character of gravel
bars along the Umpqua River system, as adjacent sampling
sites varied considerably with respect to local hydraulic
conditions, gravel thickness, abundance of bedrock, and
degree of vegetation.

The subsurface samples were considerably finer and
had less spatial variability than the surface-material samples
measured at the same locations (fig. 37; appendix C).
Subsurface Dy, (Ds,,) increased along the Days Creek reach,
decreased sharply from 35 to 10 mm at the confluence of Cow
Creek (FPKM 232), then remained nearly constant along
the Roseburg reach until coarsening to about 35 mm at the
confluence with the North Umpqua River. Downstream of the
confluence of the North Umpqua and South Umpqua Rivers,
D¢, was relatively constant at about 20 mm for more than
100 km as the Umpqua River traverses the Coast Range.

B. Jones Bar, FPKM 88.5

C. Maupin Bar surface, FPKM 94.5

D. Maupin Bar substrate, FPKM 94.5

Examples of bed-material sampling sites in the Umpqua River basin, Oregon.

Particle-size distributions show that although the
coarsest fractions of the subsurface and surface samples were
similar in size, the bed-material subsurface was dominated
by a finer matrix of sand to pebble-sized particles (ranging
in size from 1 to 10 mm), whereas the bar surfaces were
dominated by cobble-sized clasts greater than 30 mm (table 9;
appendix C). Disparity between surface and subsurface
particle size is commonly attributed to an imbalance between
sediment supply and transport capacity, with the surface layer
coarsening when the transport capacity of the fine fraction
exceeds its supply (Dietrich and others, 1989; Buffington and
Montgomery, 1999).

Hence, the ratio of Dy, to Dy (or the “armoring ratio”)
can be used to infer the balance between sediment availability
and transport capacity. Armoring ratios close to 1, indicating
similar surface and subsurface sediment median grain size,
indicate high sediment supply, whereas channels with excess
transport capacity typically have armoring ratios closer to 2
(Bunte and Abt, 2001). Along the Umpqua and South Umpqua
Rivers, armoring ratios ranged from approximately 1 to 4.7,
but more than half of the measured bars had armoring ratios
greater than 2, indicating excess available shear stress and
transport capacity relative to bed-material supply (fig. 37;
table 9). The mean armoring ratio for the 25 measurement
sites on the South Umpqua and Umpqua Rivers was 2.3,
slightly higher than the 2.0 value measured for three sites on
the Chetco River (Wallick and others, 2010).
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14 Channel Change and Bed-Material Transport in the Umpqua River Basin, Oregon

The limited sampling conducted on tributary streams
indicates that surface material entering the South Umpqua
and Umpqua Rivers from Cow Creek, Myrtle Creek, and
Calapooya Creek generally is finer than the bed-material
sediment in the main stem channel. The two sampling sites
on Cow Creek had Dg, values of 27.7-30.9 mm, compared
to an average D, of 76 mm for the Days Creek reach of the
South Umpqua River upstream of the Cow Creek confluence.
Surface-material samples from the North Umpqua River
were coarser than main stem Umpqua River gravel bars, but
this may be partly due to the location of the North Umpqua
River sampling sites, which were more than 15 km upstream
of the confluence because of the absence of suitable bars for
sampling along the lower reaches of the North Umpqua River.

Although there are too few samples to determine trends
regarding sediment supply imbalances on tributary streams,
the tributary sites generally are less armored than the Umpqua
and South Umpqua Rivers. Cow Creek had the lowest
armoring ratio (1.01), consistent with a balance between
sediment supply and shear stress, whereas Myrtle Creek and
the Calapooya Creek had armoring ratios of 1.78 and 1.66,
respectively. The armoring ratios for the North Umpqua
River were relatively low (1.17 and 1.34) and probably not
representative of overall reach conditions, as these sites had
large areas of recently deposited gravel, and essentially no
armor layer, whereas all other sites on the North Umpqua
River where only bar surface material was sampled appeared
substantially armored.

Bed-Material Lithology and Sources

In addition to measuring sediment texture, clast
lithologies were characterized at most surface bed-material
sampling sites in order to support inferences of major sources
of bed material (see section below, “Basin-Scale Bed-Material

Sediment Yield”). Although clasts of many lithologies are
present in Umpqua River gravel bars, reflecting the varied
source terrains (fig. 1), the assessment was simplified

into three broad categories readily distinguished by field
inspection: (1) intermediate to coarse-grained felsic igneous
and metamorphic rocks (here termed felsic intrusive rocks,
chiefly from the Klamath Mountains terrain), primarily
light-colored granitic and gneissic rocks, (2) brown sandstones
and shales, mainly from the Tyee Formation and equivalents
(termed sandstones and mainly from the Coast Range terrain),
and (3) all others, which mainly included igneous rocks
derived from the Cascade Range. The sandstone category was
only assessed at sites downstream of the confluence of the
North Umpqua and South Umpqua Rivers; upstream of the
confluence, sandstone clasts were rare if present at all.

For the surface-sampling sites, clasts were inspected
at 400 points during the particle-count measurements, but
classified only if greater than a 16-mm diameter (resulting
in total assessed sample sizes at each measurement site
ranging between approximately 200 and 400, depending on
the surface texture of the bar). Similarly, for the subsurface
samples, we classified all sieved clasts greater than 16 mm.
The surface samples were done over the 4-week course
of field sampling and involved different crew members.
Consequently, the categorization of the surface samples may
not be as consistent as that for the subsurface samples, which
was done in a concentrated effort in the laboratory by a single
crew. Sandstone clasts were not categorized for the subsurface
samples because they did not reliably survive sieving and
transport.

For the surface clast counts along the main stem Umpqua
and South Umpqua Rivers, the percentage of felsic intrusive
clasts ranged from less than 1 percent to as high as 22 percent.
Similarly, the subsurface percentages range from 0.6 to
20.9 percent. The North Umpqua River has few sources of
felsic intrusive clasts, reflected in the counts of 1 percent
or less. Myrtle Creek and Cow Creek, both of which drain
parts of the Klamath Mountains terrain (fig. 1), have higher
percentages of felsic intrusive clasts, with Myrtle Creek
having one surface sample exceeding 20 percent (table 9).

On the main stem Umpqua and South Umpqua Rivers,
felsic intrusive clasts were most abundant along the upper
reaches of the South Umpqua River and decreased in
abundance downstream (fig. 37). The highest concentrations
were along the South Umpqua River within the Days Creek
reach, where bar surfaces between FPKM 257 and 269.1 all
had felsic intrusive clasts composing more than 10 percent of
the surface samples (table 9; fig. 37; appendix C). These high
percentages in part owe to the South Umpqua River traversing
outcrops of gneiss and coarse-grained schist in this reach,
but also to the increasing percentage of total area granitic
source terrains such as that drained by Elk Creek, which
enters the South Umpqua River at FPKM 272. Downstream,
the percentage of felsic intrusive clasts diminishes to values
consistently between about 1 and 4 percent.

The percentage of sandstone clasts in the surface samples
ranged up to 8.6 percent (table 9; fig. 37; appendix C), but
typically were less than 5 percent. Although not specifically
counted upstream of the confluence of the North Umpqua and
South Umpqua Rivers, they were exceedingly rare if present
at all, almost certainly accounting for less than 1 percent
of surface clasts. The overall distribution of sandstone
clasts reflects the near absence of Paleogene sedimentary
rocks upstream of the confluence of Lookingglass Creek at
FPKM 119.4, and the increasing area of sandstone sources
downstream within the Coast Range terrain.




Estimation of Bed-Material Transport Capacity
from Transport Equations

Equations of bed-material transport use channel
hydraulics and sediment characteristics to estimate sediment
fluxes on streams. Although subject to certain assumptions
and limitations, such equations can be applied for any
stream where information on flow, channel geometry, and
bed-material characteristics is available (Collins and Dunne,
1989; Gomez, 1991; Hicks and Gomez, 2003). Moreover,
these formulas provide a relatively rapid means of estimating
sediment flux across a range of flow scenarios, from individual
storm events to decades. For the Umpqua River study area,
multiple transport equations were applied for 39 of the
sediment sampling sites between FPKM 43 and 270, as well as
for sites of three long-term gaging stations. These calculations
encompassed the period 1951-2008, aligning with the flow
record available from all three gaging stations. The approach
applied to the Umpqua River study area largely follows from
that applied to the Chetco River in southwestern Oregon
(Wallick and others, 2010).

Although several empirical and semi-empirical transport
equations are available for bedload transport (Gomez and
Church, 1989), all these relations actually predict sediment
transport capacity, defined as the “maximum load a river
can carry” (Gilbert and Murphy, 1914, p. 35). For situations
where there is unlimited bed material available from upstream
sources, as well as local erosion from the channel bed and
banks, a correct relation for transport capacity coupled with
accurate descriptions of flow and bed material should result
in accurate estimates of bed-material flux. For the Umpqua
River system, however, the assumption of unlimited sediment
supply is not valid, as indicated by (1) the extensive and bare
bedrock surfaces in and flanking the channel (fig. 16; Howard,
1998; Klingeman, Professor Emeritus, Water Resources
Engineering, Oregon State University, written commun.,
2010) and (2) the abundant bars with armor values exceeding
2, thereby suggesting either high transport capacities relative
to the supply of fine-grained bed-material or low-transport
capacity relative to the supply of coarse-grained bed material
(fig. 37). This situation contrasts with that of the similar
analysis conducted for the Chetco River in southwestern
Oregon, where the low-flow channel is formed in gravel
and flanked by voluminous gravel accumulations forming a
nearly continuous swath of tractively transported bed-material
sediment for the lowermost 18 km (Wallick and others, 2010).
For the more sediment-limited Umpqua River, consequently,
calculated transport capacities are best considered indicative
of maximum plausible bed-material transport rates, and likely
overestimate actual fluxes by substantial margins.
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Even in more sediment-rich situations where river
conditions satisfy the requirement that bed-material transport
is a function of flow, channel, and bed texture rather than
sediment availability, large uncertainties still arise because
bed-material transport is highly variable in time and
governed by highly nonlinear relations between local flow
and bed-material transport—both of which are difficult to
characterize at high resolution (Gomez, 1991; Wilcock and
others, 2009). These challenges, in conjunction with the wide
variety of field situations and few measurements, in part
explain the large number of transport equations available and
the variation in their forms and data requirements (Hicks and
Gomez, 2003). For this study, we assess and possibly mitigate
for these factors by (1) evaluating multiple transport relations
for multiple cross sections, (2) where possible, characterizing
flow at individual cross sections using the results from a
one-dimensional flow model, and (3) evaluating the results in
the context of other information on sediment transport rates.

Equation Selection and Analysis

The bedload transport calculations for the Umpqua
River were implemented by the software package Bedload
Assessment in Gravel-bedded Streams (BAGS), a program
operating within a Microsoft® Excel® workbook (Pitlick and
others, 2009; software and documentation available at http://
www.stream.fs.fed.us/publications/bags.html). The BAGS
software enables users to select from six semi-empirical
transport formulas that were developed and tested using
data from gravel or sandy-gravel streams (Wilcock and
others, 2009). Users specify a transport equation and provide
information describing channel geometry, flow, and sediment
parameters. With this information, bed-material transport rates
are calculated for a specific flow and cross-section geometry.

The bedload transport formulas implemented in BAGS

are:
 Parker—Klingeman—McLean, a subsurface-based
equation (Parker and others, 1982)

» Parker—Klingeman, a subsurface-based equation
(Parker and Klingeman, 1982)

 Bakke and others, a calibrated equation version of the
Parker—Klingeman formula (Bakke and others, 1999)

« Parker, a surface-based equation (Parker, 19903,
1990b)

» Wilcock, a two-fraction calibrated model for sand and
gravel, (Wilcock, 2001)

» Wilcock and Crowe, a surface based equation (Wilcock
and Crowe, 2003)


http://www.stream.fs.fed.us/publications/bags.html
http://www.stream.fs.fed.us/publications/bags.html
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Although all six formulas are substantially similar
and have been successfully applied to gravel-bed rivers,
key attributes differentiate the equations, elaborated in
Wilcock and others (2009). The subsurface-based methods
(Parker—Klingeman—McLean and Parker—Klingeman) rely
on grain-size data from the bed subsurface, beneath the
coarser cobble-pavement forming the surface of most bars.
Both subsurface-based approaches were developed from
measurements made by Milhous (1973) at Oak Creek, a
small gravel-bed stream in the Oregon Coast Range. By
contrast, two surface-based methods are based on grain-size
distributions from bed surfaces. The Parker (1990a, 1990b)
equation is a surface-based method also developed from
grain-size distributions and transport rates at Oak Creek,
whereas the second surface-based method implements the
Wilcock and Crowe (2003) equation, which is partly based
on the Parker (1990a, 1990b) approach, but is supplemented
by flume experiments evaluating the role of sand content on
gravel transport.

The main distinction between the two surface-based
approaches is in the determination of the reference Shields
shear stress (T*rsg); in the Parker (1990a, 1990b) equation, T*rsg
is assumed to be a constant value of 0.0386, but in the Wilcock
and Crowe (2003) equation, T, varies with the sand content
of the surface material. The two calibrated equations of Bakke
and others (1999) and Wilcock (2001) require measurements
of bedload transport to calibrate reference shear stress, and
thus improve the overall transport estimates. These relations
are not applicable to this study because of the absence of
direct measurements, resulting in the implementation being
restricted to the four uncalibrated transport capacity relations.

On the Umpqua River, bedload transport capacity was
estimated at a total of 42 sites along the main stem Umpqua
and South Umpqua Rivers, including the 39 bed-material
sampling sites and the 3 gaging station locations (table 9).
Transport also was estimated for two sites on lower Cow
Creek, including the gaging station on lower Cow Creek
and a nearby bed-material sampling site. Each calculation
requires information on flow, bed-material size distribution,
cross-sectional geometry, and water or energy-surface slope.
No accurate and consistent sources of these measurements
were available for all sites. Consequently, information was
derived from various sources: flow data were obtained from
the USGS gaging stations; sites within the Coast Range
and Garden Valley reaches were assigned discharges from
the gaging station at Elkton (14321000); and flow records
from the gaging stations at Brockway (14312000) and Tiller
(14308000) underlie the calculations for the Roseburg and
Days Creek reaches, respectively. The gaging station near
Riddle on Cow Creek (14310000) was used to calculate
transport for the two sites on Cow Creek.

Because nearly all transport capacity calculations were
made at August 2009 bed-material measurement sites, these
bar-texture measurements were used directly in the transport

equations and were applied to the entire cross section. For
the four sets of calculations at the gaging stations for which
there were no sediment texture measurements, we averaged
grain-size distributions from adjacent measurement sites
(table 9). At the 15 analysis sites where only bar surface
material was sampled, only the surface-based equations of
Parker (1990a, 1990b) and Wilcock—Crowe (Wilcock and
Crowe, 2003) were applied, whereas at the remaining 24
sites where bar subsurface material was sampled (as well as
for the gaging stations where subsurface grain sizes were
estimated from nearby sample locations), we also applied the
subsurface-based formulas of Parker—Klingeman (1982) and
Parker—Klingeman—Mclean (1982).

Cross-section geometry information was limited by
the lack of continuous and high-resolution topographic
and bathymetric data. For transport calculation locations
between FPKM 83.5 and FPKM 155 (Coast Range reach
and lower part of the Garden Valley reach), channel cross
sections were extracted from a 2009 LIDAR survey (table 7).
Elsewhere, cross sections were extracted from the USGS
National Elevation Data 1/3 arc second digital elevation
model (approximately 10 m resolution, U.S. Geological
Survey, 2010c). For all sites except the Days Creek reach, a
trapezoidal cross-section shape was assumed, and the cross
sections extracted from these elevation data were adjusted
to reflect actual streambed topography using early 1970s
thalweg elevations from USGS flood studies of the Umpqua
and South Umpqua Rivers (Oster, 1972, 1973; table 7). The
highly stable, chiefly bedrock channel (fig. 30) reduces the
uncertainty introduced by using such old channel-depth
data. These flood studies did not include the Days Creek
reach; therefore, streambed elevations within this reach were
estimated to be 1 m below water surface indicated by the
digital elevation models—a value broadly consistent with
observations by field personnel. At the three analysis sites
located at streamflow-gaging stations, channel cross sections
were obtained from recent USGS measurement surveys (U.S.
Geological Survey, 2010a).

A key hydraulic variable for computing transport rates is
the energy slope (Sf ), which was approximated using water
surface slope (Sw). For the Coast Range, Garden Valley, and
Roseburg reaches (FPKM 41-231), Sw was obtained from the
0.1 annual exceedance probability flood profiles calculated
by a one-dimensional step-backwater model (Oster, 1972;
1973; 1975). From these calculated water-surface profiles, we
extracted water-surface slope for distances ranging between
550 and 850 m and spanning the transport capacity calculation
location (in nearly all cases, sites of bed-material size
analyses). For the Days Creek reach, Sw was determined for
1- to 2-km-long channel segments spanning the analysis sites
using low-flow water-surface elevations, as depicted by 5-ft
contour intervals on the USGS 1914 Plan and Profile surveys
(Marshall, 1915).




On the basis of these morphologic, bed-texture, and
hydraulic characterizations, we calculated bed-material
transport rates for 26 discharges spanning the range of
historical flows recorded at nearby USGS streamflow-gaging
stations. Using an approach similar to that applied to the
Chetco River (Wallick and others, 2010), the results for each
discharge produced a relation between discharge (Q) and
bed-material transport rate (Qs), which were fitted by 5th
order polynomial curves to produce sediment-discharge rating
curves for each analysis site (fig. 38). Although sediment
discharge rating curves are typically modeled using power
law relationships (Wilcock and others, 2009), the 5th order
polynomial curves provided a better approximation of the
Q-Qs relationship than was achieved using a power law
relationship.

In conjunction with discharge records of October 1,
1988-September 30, 2008, from the corresponding USGS
streamflow-gaging stations, the calculated Q—Qs relations
enabled calculations of annual sediment transport fluxes at
each of the analysis sites. Although annual transport volumes
typically are calculated using mean daily values (for example,
Collins and Dunne, 1989), the combination of highly nonlinear
transport rates and the rapid flow changes in the Umpqua
River basin during transport events, cause annual bed-material
transport volumes determined from mean daily values to likely
underestimate true values. Therefore, annual bed-material
transport volumes were based on the unit discharge values
acquired every 30 minutes and archived electronically since
1988 (although 15-minute flow data are available for WY's
2006-08, to simplify the calculations, these data were not
used). For WYs 1988-2006, transport rates were calculated
for each analysis site using the 30-minute unit-flow data and
summing total transport for each day.

To extend the record back through WY 1951 and to
fill recent periods when unit flow data were not available,
relations for each calculation site were developed between
daily transport volumes calculated from the unit-flow
measurements and mean daily flow for all days of predicted
transport. These regressions, which typically had correlation
coefficients ranging between 0.97 and 0.99, were applied to all
days to permit calculations for the entire record of October 1,
1951-September 30, 2008. This analysis period coincides
with the construction of the North Umpqua hydropower dams
(completed by 1955) and encompasses the construction of
the Galesville flood control reservoir in the upper Cow Creek
watershed in 1985.

In addition to total transport volumes for each site
for each of the four bedload transport capacity equations,
we calculated the reference discharge, Q,P, as predicted
by the Parker (1990a, 1990b) transport capacity equation.
The reference discharge is the flow for which shear stress
is equivalent to the reference shear stress required for very
small but measurable transport (Parker and others, 1982;
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Parker, 1990a, 1990b). This value can be compared to annual
flow characteristics to assess the frequency of transport

or degree of mobility for each measurement site, thereby
providing a measure of how frequently a bar may be subject
to mobilization. For the measurements here, we calculated the
ratio of the reference discharge to the flood with a 0.67 annual
exceedance probability (1.5-year flow) to determine a mobility
index (table 9). Sites with ratios of unity or less are predicted
to have measurable transport for the 1.5-year flood discharge,
but those sites with mobility indexes greater than 1 require
larger and less frequent flows for mobilization.

Uncertainty and Limitations

Bedload transport calculations are sensitive to grain
size, slope, depth, and discharge (for example, Wilcock
and others, 2009). Hence, uncertainties in these parameters
affect our calculations of transport capacity for the South
Umpqua and Umpqua Rivers. These uncertainties arise from
difficulties in measuring or calculating many of these factors
in the complicated river channels of the Umpqua River basin,
especially in locations where high-resolution topographic
data are lacking. Although grain size is easily measured,
many of the Umpqua River gravel bars are heterogeneous,
and characterized by patches of various sized clasts and
intermittent bedrock. Accordingly, the sampling site location
within a particular bar, and the resulting measured grain-size
distribution, influences the transport capacity calculations for
that site. Additionally, the one-dimensional flow model used
to calculate Sw is most valid along straight reaches, yet many
of the largest bars in the study area were situated along bends,
which are not well represented in a one-dimensional model
because the hydraulics are dominated by strong secondary
flow currents and bedload transport is almost certainly
nonuniform across the channel (for example, Dietrich and
Smith, 1984). Other sources of uncertainty stem from the
limited bathymetric data available for the study area and our
resultant dependence on coarse-scale topographic information
to characterize channel geometry and bathymetry at some
sites.

Calculations that used ranges of values for grain size,
slope, depth, and streamflow were used to evaluate the
sensitivity of the calculated bed-material transport capacity
values (fig. 39). Using flow data from WY 1999 as the base
case scenario, annual transport capacity was calculated at the
Umpqua Sand and Gravel Bar (FPKM 171.4) by applying the
Parker (1990a, 1990b) equation and individually varying each
input parameter. Water year 1999 was selected as a typical
year for the sensitivity analysis because although it had a mean
annual flow approximately 30 percent higher than the average
flow for the period 1955-2004, the peak flow during this year
was similar in magnitude to the 1.5-year exceedance event.
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Figure 38. Computed bedload transport rating curves for selected sites in the Umpqua River basin, Oregon, as computed from the
Parker (1990a,b) equation. Dy, is mean particle diameter; mm, millimeters.
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Figure 39. Effect of grain size, slope,
water depth, and flow on annual bedload
- transport capacity. Sensitivity trials
conducted for Umpqua Sand and Gravel
Bar (FPKM 171.4) for water year 1999 used
the Parker (1990a,b) equation.
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Of the four parameters evaluated, annual transport
capacity was most sensitive to variation in grain size and
energy slope, both of which are affected by the calculated
transport rate by about a factor of 2 to 4 when increased or
decreased by 25 percent. The transport calculations were less
sensitive to mean daily flow values and flow depth, for which
a +25 percent variation affected annual transport capacity
totals by about a factor of 2 or less (fig. 39). Although this
assessment is specific to the Parker (1990a, 1990b) equation,
results are likely to be similar for all transport equations
because of their similar forms. These results indicate that
reasonable uncertainties in the primary factors affecting
bed-material transport stem from the heterogeneous nature
of gravel bars in the Umpqua River system, which can lead
to uncertainties in calculated annual transport volumes
approaching a factor of 4 for a specific transport capacity
equation. These parameter-related uncertainties are in addition
to that resulting from the choice of bed-material transport
capacity equation, which is difficult to assess in the absence of
direct measurements.

Results of Bed-Material Transport Equations

Application of the 4 bed-material transport formulas
to the 42 sites in the Umpqua River study area for 57 years
shows wide temporal and spatial variability in the predicted
annual bed-material transport capacities, ranging from
negligible transport capacity in some years for many sites to
bed-material transport capacities as great as 600,000 metric
tons/yr for some sites in high-flow years (table 9; figs. 40 and
41).

The large annual variation at a site owes to the nonlinear
relation between flow and bed-material transport capacity

(figs. 38 and 41). This is evident by considering the Umpqua
Sand and Gravel Bar at FPKM 171.4, for which the mean
annual transport capacity for 1951-2008 is 9,070 metric
tons/yr as calculated by the Parker (1990a, 1990b) equation,
which is similar to the 8,850 metric tons/yr median value for
all 27 calculation locations in the Days Creek and Roseburg
reaches. At the Umpqua Sand and Gravel Bar, two-thirds
of the years have calculated transport capacities less than
the mean value of 9,070 metric tons/yr (fig. 41C). The high
frequency of low transport years is compensated by a few
years of much greater transport capacity: 9 years with values
greater than 20,000 metric tons/yr, and exceptional years, such
as 1956, 1965, 1974, and 1997 with bed-material transport
capacities exceeding 30,000 metric tons/yr (fig. 41C).
Considering the calculated daily transport values for the
58-year period of record, the Parker (1990a, 1990b) equation
predicts transport on about 15 percent of all days. Half,
however, of the total cumulative calculated transport capacity
for the Umpqua Sand and Gravel Bar occurred over 80 days
(less than 0.4 percent of total days), and 10 percent of the
total transport capacity for this 58-year period was over just
6 days, including October 29, 1950, December 23, 1964, and
January 16, 1974, which all had transport capacities exceeding
10,000 metric tons.

The annual bed-material transport capacity values for
the Umpqua Sand and Gravel Bar decrease significantly
(P <0.05 based on Parker [1990a, 1990b] calculations) over
the 58-year period of record. This decrease corresponds to the
overall decrease in peak flows since the early 1950s (P <0.05
for USGS streamflow gage at Brockway; fig. 5, table 2),
particularly after 1974 (fig. 41C) and probably reflects
regional and longer term climate cycles controlling flow
volumes and peak discharges.
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Understanding the spatial variations in calculated
transport rates is more challenging. Although the largest
bar complexes (including Maupin Bar and those near the
confluence of Cow Creek, fig. 20) broadly coincide with
zones of decreasing transport capacity, there is considerable
site-to-site variability. Average annual transport capacity
calculated by the 4 equations and among the 42 calculation
locations (39 bars and 3 gaging-station locations) ranges from
0 to 623,000 metric tons/yr (table 9). The two surface-based
transport equations (Parker and Wilcock—Crowe) generally
predicted greater transport capacity than the subsurface-based
equations (Parker—Klingeman—Mclean and Parker—
Klingeman) for sites within the Days Creek, Roseburg, and
Garden Valley reaches, but less transport capacity than the
subsurface-based calculations for the Coast Range reach.
These results are consistent with bar-surface particle sizes
decreasing faster with respect to river location than that for
subsurface bed material (fig. 37). The two subsurface-based
methods (Parker—Klingeman—McLean and Parker—Klingeman)
produce similar bedload rating curves (fig. 38), and at most
sites, the mean annual transport capacities predicted by the
two equations differ by less than 20 percent (table 9). For
most sites, the two surface-based equations of Parker (19903,
1990b) and Wilcock and Crowe (2003) generally agree within
an order of magnitude (table 9), with the Wilcock—Crowe
equation predicting higher levels of bedload transport at
locations where there is a higher proportion of sand.

Median values among the 4 equation-based calculations
of average annual transport for the 1951-2008 period for all
39 main stem and South Umpqua River sites for which we
had local measurements of bed texture (including the 24 sites
where subsurface-based calculations were applied) range from
12,800 to 27,200 metric tons/yr depending on the transport
equation. Assessed by reach, the median values increase
downstream from 4,450 to 12,620 metric tons/yr in the Days
Creek reach to 20,280 to 56,440 metric tons/yr in the Coast
Range reach.

Consideration of only these median values, however,
masks the six-orders-of-magnitude variation in calculated
bed-material transport rates among sites (fig. 40). Although the
sensitivity analysis showed that transport capacity calculations
are sensitive to both grain size and slope, plausibly affecting
the calculated capacity values in this study by as much as a
factor of four, the much wider scatter in the computed values
for the Umpqua River indicates that other factors are also
important. Most of the variation in transport values is the
likely result of applying transport capacity equations to a
channel system for which bed-material transport is limited by
sediment supply rather than transport capacity.

For river systems in which bed-material transport at all
locations is limited by flow capacity and for which the channel
is in steady state with respect to channel and flood-plain
storage of bed material, the expectations are (1) the active
channel would be chiefly alluvial and consist of alternating

bars flanking a low-flow channel formed in alluvial bed
material, (2) all bars would be subject to gravel transport
during approximately the same flows, and (3) calculated
transport rates would be similar from site to site and variations
would chiefly reflect changes in supply resulting from
tributary inputs and particle attrition. By contrast, bedrock
forms much of the active channel for the Umpqua River,
particularly in the Coast Range reach, where the area of
bedrock almost everywhere exceeds the area of gravel bars
(fig. 18). Moreover, for all reaches of the Umpqua River other
than the Tidal reach, the channel flows mostly over bedrock
(fig. 19). As a consequence, bar locations and their textural
characteristics reflect local hydraulic conditions established
by valley and bedrock morphology rather than broad-scale
transport conditions (fig. 16).

The diversity of bar types with correspondingly
wide-ranging textures is the main reason for the large
range of calculated transport capacity values. For example,
some bars appear to be largely relic or only active during
exceptional flows. Maupin Bar, at FPKM 94.5, for which
sequential photographs show little change since 1967, is
likely an example of a bar only rarely subject to substantial
bed-material transport, which probably occurs during flows
similar to the December 1964 flood (fig. 23B, table 9). Aerial
photographs and field observations show that although this
type of sampling site may appear bare and recently scoured
in aerial photographs, many sites (like Maupin Bar) are
overlain by a coarse armor layer (table 9). Consistent with
this observation, these bars have high mobility indexes; the
reference discharge (QTP) for Maupin Bar, is 4,400 m3/s as
calculated by the Parker (1990a, 1990b) transport capacity
equation, which is twice the magnitude of the 1.5-year annual
peak flow, and similar in magnitude to the 10-year annual peak
flow (fig. 38B, table 9).

Infrequent mobility results in low calculated transport
capacities. For the case of Maupin Bar, the mean annual
transport rate was 50 metric tons/yr as calculated by the Parker
(1990a, 1990b) transport capacity equation. Such calculations
associated with a stable bar probably do not reflect reach-scale
bed-material transport conditions. In contrast, other bars have
very low calculated reference discharges, including six with
mobility indexes less than 0.1, indicating that measureable
transport is predicted at flows less than one-tenth the 1.5-yr
flood. These bars are associated with the greatest calculated
annual fluxes, such as the 305,420 metric tons/yr calculated by
the Parker (1990a, 1990b) transport capacity equation for the
Myrtle Creek Bridge Bar at FPKM 219.9 (table 9). Many of
these bars, including the Myrtle Creek Bridge Bar (fig. 26A),
Willis Creek Bar (FPKM 204), and Hutchinson Wayside Bar
(FPKM 112.3) are in the lee of bedrock protrusions or are
otherwise in locations of complicated hydraulics for which
bar compositions may more closely reflect local hydraulic and
depositional conditions rather than reach-scale bed-material
transport conditions (fig. 16).




The wide range of calculated transport capacity values

and the apparent supply limited bed-material conditions for the

Umpqua River hinder understanding as to how the calculated
transport capacity values might relate to actual bed-material

transport rates. Pitlick and others (2009) provide guidance

for evaluating such calculations pointing out, on the basis

of data reported by Mueller and others (2005), that mobility
indexes for most gravel-bed rivers for which flux is inferred

to be transport limited range between 0.3 and 1.25. For the
Umpqua River bars for which the reference discharge is within
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this range, the annual transport capacity values range between
600 and 50,000 metric tons. The median value of mobility

index for the 45 datasets considered by the Mueller and others
(2005) analysis is 0.67. For the 39 sites on the Umpqua River,

the relation between transport capacity (as calculated by

the Parker [1990a, 1990b] equation) and site mobility index
indicates that a mobility index value of 0.67 correlates to an
annual flux of 4,000 metric tons/yr, although the 2-sigma
range (95-percent confidence interval) bracketing this
prediction ranges from 500 to 33,000 metric tons/yr (fig. 42).

— Myrtle Creek Bridge Bar

Figure 42.

Ratio of Parker reference discharge to 1.5-year annual peak flow

EXPLANATION

Median value for reference
discharge on transport

Upper and lower boundaries
for reference discharge

Regression line
95% confidence interval

Prediction bands

o © o o

Coast Range reach
Garden Valley reach
Roseburg reach

Days Creek reach

N~
[3,]

Relation of reference discharge to mean annual transport capacity in the Umpqua
and South Umpqua Rivers, Oregon, as computed using the Parker equation.
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The high degree of spatial variability in bed textures
and transport rates demonstrates the challenges of applying
bedload transport formula to the Umpqua River, where
bed-material transport is supply limited. Of the 4 transport
formulas applied to the 39 bed-material sampling sites, the
surface-based equations of Parker (1990a, 1990b) and Wilcock
and Crowe (2003) probably are most applicable because many
sites are armored. If bed-material conditions and bar textures
were to change, however, than the subsurface-based equations
of Parker—Klingeman and Parker—Klingeman—McLean
would become more applicable to the study area. Selecting
an appropriate range of values to characterize reach-average
transport rates is difficult because of the nonuniform nature of
Umpqua River gravel bars and transport rates. Consideration
of bars with intermediate mobility indexes (0.3<Qqp/Q, g,
<1.25) as proposed by Pitlick and others (2009) provides
one approach for characterizing actual flux rates, although
these rates probably are best considered maximum plausible
bed-material transport rates because of the semi-alluvial
character of the Umpqua River. In our judgment, the resulting
range of annual transport values of 500-20,000 metric tons/yr,
as predicted by the Parker (1990a, 1990b) equation for these
intermediate mobility sites, most plausibly reflects overall
bed-material transport rates, although transport at some sites
and for some years will vary substantially from this range.

Basin-Scale Bed-Material Sediment Yield

An empirical and independent approach to estimating
bed-material flux along the Umpqua River was derived from
relations between measured sediment yield and predictor
variables, such as basin slope, precipitation, and drainage
density. This approach is modeled after that used for assessing
the sediment yield in the Deschutes River basin of central
Oregon (O’Connor and others, 2003) and globally by analyses
such as Milliman and Syvitski (1992). In conjunction with
estimates of bed-material abrasion rates, this approach permits
spatially explicit estimates of bed-material flux for each of the
study reaches as well as assessment of the effects of sediment
trapping by dams and diversions.

The approach used in this study follows from the premise
that basin slope exerts a primary influence on sediment yield.
Specifically, in steady-state landscapes dominated by diffusive
processes of surficial sediment mobilization (such as biogenic
activity, soil creep, freeze—thaw action), sediment flux per unit
stream length is proportional to the gradient of the flanking
hillslope (Culling, 1960, 1963; Hirano, 1968), although this
relation may not be linear in steeper terrains (Andrews and
Buckman, 1987; Roering and others, 1999). Consequently,
sediment yield per unit area should be proportional to the
product of the average slope gradient and drainage density,
termed the sediment production index (SPI) by O’Connor and
others (2003).

Alternative approaches rely on correlations between
sediment yield and precipitation (Langbein and Schumm,
1958; Douglas, 1967; Walling and Webb, 1983, p. 81), and
lithology (for example, Schmidt [1985] and Hicks and others
[1990]). Hooke (2000) in summarizing available data and
analyses concluded that slope steepness and precipitation (as
it affects runoff) are the key factors positively correlated with
sediment yield but that precipitation is more difficult to assess
because it also controls vegetation cover, which is inversely
correlated to sediment yield. This study examined correlations
between sediment yield and (1) mean basin slope, (2) the
product of basin slope and drainage density (SPI of O’Connor
and others, 2003), and (3) the product of basin slope and mean
annual basin precipitation (following the analysis of Hooke,
2000).

This analysis does not explicitly consider lithology,
which has been shown to be a strong predictor of sediment
yield in some studies (Aalto and others, 2006; Syvitski and
Milliman, 2007), and which is a very important factor for
the Umpqua River basin, judging from the correspondence
of gravel-bar abundance with Klamath Mountains source
areas. The rationale is that geology is difficult to parameterize
objectively in a manner relevant to producing bed material,
and for many areas in the region is strongly correlated with
slope and drainage density (O’Connor and others, 2003;
Jefferson and others, 2010).

Sediment Yield Measurements

Underlying this analysis are 33 measurements of
sediment yield from 26 basins in the Cascade and Coast
Ranges of Oregon and northern California. Sediment-yield
measurements were compiled from reservoir surveys, reservoir
delta surveys (surveys of sediment volumes deposited at river
or stream entrances into reservoirs), bedload sampling, and
bedload transport equations confirmed by sampling. The yield
measurements and calculated totals encompass durations
of 1 to 95 years and basins ranging from 0.7 to 6,901 km?
(table 10).

This analysis focused on compiling bed-material yield
rates from previous studies, which required estimation of
the bed-material volumes from the reported total sediment
volume measurements. Bed-material transport rates were
measured and calculated directly for Oak Creek, Chetco,
and Smith Rivers, as well as the measurements from the H.J.
Andrews Experimental Forest, so these reported values were
used without modification. For studies where the total fluvial
load was measured, such as for the Pistol River and Redwood
Creek, the bed-material load was assumed to be 20 percent
of the suspended load, in broad agreement with the ratio of
bed-material load to suspended load measurements at Smith
River (which drains similar terrain as Redwood Creek),
Redwood Creek, and at the H.J. Andrews Experimental Forest
(table 10).
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Most of the yield data is from reservoir surveys, for
which estimating the percentage of the reported value
representing bed material is more challenging, especially
for instances where sediment size data are lacking. It was
assumed, on the basis of the size composition of bed-material
samples collected along the Umpqua River (this study) and
the Chetco River (Wallick and others, 2010), that bed material
is composed primarily of clasts with diameters greater than
0.5 mm (coarse sand and gravel) and that finer particles
were transported primarily as suspended load. For the full
reservoir surveys for which the data sources give no estimate
of the portion representing bed material or indication of
sediment-size distributions (such as for reservoirs in the North
Umpqua and Deschutes River basins), it was assumed that
bed material composes 20 percent of the total volume. For
the McKenzie River reservoirs, a bed-material percentage of
21 percent was estimated by Stillwater Sciences (2006). For
the Clackamas River basin reservoirs, we assigned a bed-
material percentage of 30 percent on the basis of reservoir
sediment samples reported in Wampler (2004).

Several reservoir surveys focused on deltas formed
at major points of inflow, allowing estimates of sediment
volumes delivered by as many as three basins draining
into a reservoir. For most of these surveys of the typically
coarser deposits found at tributary deltas, 50 percent of
the total volume was assumed to be bed material, based on
sediment-size analyses for the delta sediment accumulations in
Lake Billy Chinook (Deschutes River; O’Connor and others,
2003) and Iron Gate Reservoir (PacifiCorp, 2004). For Detroit
Lake, the volumes in the three surveyed reservoir arms were
assumed to be 80 percent bed material, based on grain-size
analyses conducted by Tetratech (2009).

Specific Bed-Material Yield

Analyses were performed with respect to specific
bed-material yield (Y) in units of metric tons per square
kilometer of contributing drainage basin area. For sediment
accumulations originally reported as volumes, such as for
all reservoir surveys, bed-material mass was calculated by
multiplying the estimated bed-material volume by 2.1 metric
tons/m3. Contributing drainage area was determined for each
of the measurement sites through the U.S. Geological Survey
(2010d) Streamstats website.

Bed-Material Characterization and Transport 89

Predictor Variables

On the basis of previous analyses in the Deschutes
River basin (O’Connor and others, 2003) and Hooke’s (2000)
analysis, correlations between specific bed-material yield and
predictor variables involving combinations of mean basin slope
(S; in percent), drainage density (dI; in kilometer per square
kilometer), and mean basin precipitation (P; in millimeters)
were assessed. Mean basin slope was calculated from a
slope raster map derived from the U.S. Geological Survey
National Elevation Dataset 1/3-arc-second (approximately 10
m resolution) raster digital elevation data (obtained from the
U.S. Geological Survey [2010c] The National Map Seamless
Server ). Drainage density was calculated from the total stream
length for each basin as mapped in the high-resolution (based
on 1:24,000-scale topographic mapping) National Hydrologic
Dataset (U.S. Geological Survey, 2010a). Mean annual basin
precipitation for 1971-2000 was calculated from 30-arc-second
(approximately 800-m resolution) gridded data provided by the
PRISM Climate Group (2007) at Oregon State University.

Correlations

Specific correlations were made between the natural
logarithm of specific bed-material yield and (1) mean basin
slope, (2) the product of mean basin slope and mean annual
basin precipitation, and (3) the product of mean basin slope and
basin drainage density (fig. 43). The logarithmic transformation
normalized the observations and enabled linear regression fits.
Seven of the bed-material measurements were excluded from
the correlation analyses: two exceptionally high values from the
Redwood Creek basin, where sediment yield was substantially
increased by land-use practices in the basin prior to the 1970s
(Madej, 1995); and the five measurements from the H.J.
Andrews Experimental Forest because of the very small size
of the basins (all less than 1 km?2) and their unrepresentative
experimental treatments. The resulting exponential correlations
between specific bed-material sediment yield (Y, in metric
tons per square kilometer of drainage area) and three predictor
variable sets are statistically significant, although the
correlations are much stronger for S and S—P than for S-dl:

Y =1.64e%%% P < 0.0001(analysis of variance); r> =0.58) . (2)

Y =5.13¢%°%*"P < 0.0001 (analysis of variance); r* =0.57) .(3)

Y =9.59e19%*4p 0,05 (analysis of variance); r? =0.18) . (4)
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Figure 43. Regional sediment yield regressions, as calculated for 26 basins in Oregon and northern California.
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Application to the Umpqua River

All three correlations between specific sediment yield
and basin-scale predictor variables were applied to the
Umpqua River basin. To examine spatial trends in sediment
yield explicitly relative to river position, we subdivided the
basin into 62 subbasins ranging from 0.16 to 3,190 km?,
accounting for major tributaries, dam locations, and bed-
material sampling locations. For each of these subbasins,
total bed-material yield was calculated using equations 2—4 as
well as for the bounding 95-percent confidence limits for the
regression (fig. 43). Total yield calculations allow for coarse
predictions of bed-material flux to the South Umpqua River
and continuing downstream along the main stem Umpqua
River channel for the entire study area (fig. 44).

The 95-percent confidence intervals of the regressions
imply that uncertainties range from 30 to 70 percent about the
calculated specific sediment flux. For example, the predicted
sediment flux for the South Umpqua River immediately

Coast Range
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upstream of the North Umpqua River confluence at FPKM
175.1is 212,600 +140,600/-129,700 metric tons/yr for

the regression based on the product of slope (eg. 1) and
70,000 +29,200/-20,800 metric tons/yr for the regression
based on the product of slope and precipitation (eq. 2).

These flux calculations also show that the regression based
solely on mean basin slope (eg. 1) predicts approximately
twice the bed-material volume as those resulting from the
slope—drainage density (eq. 3) and slope—precipitation (eq. 2)
combinations. Although all three predictions of bed-material
sediment yield to the Umpqua River exceed local transport
capacity in most locations, on the basis of local particle

size and bed-material transport equations (fig. 44; table 9),
equations 3 and 4 provide mutually consistent bed-material
sediment yield predictions more closely matching the transport
capacity estimates. From these observations, we judge
equation 3, based on the product of slope (S) and precipitation
(P), to be most appropriate for estimating sediment delivery to
the Umpqua River channel.

Garden

Valley Roseburg

Days Creek

Bed material flux, in thousand metric tons per year

EXPLANATION

Slope (equation 2)

- 400

Slope x annual precipitation (equation 3)

Slope x drainage density (equation 4)

L] Parker equation bed-material transport capacity

300

200

Bed material flux, in thousand cubic meters peryear

100

Flood-plain kilometer

Figure 44. Predicted bed-material yield for South Umpqua and Umpqua Rivers, Oregon. Total yield was
calculated by regressions between bed-material flux and different predictor variables (regressions shown in
figure 43). Shown here is the predicted yield and range of yields predicted by the 95-percent confidence limits for

each regression.
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The predictions shown in figure 44 do not account for
bed-material attrition by abrasion or for discontinuities in
sediment yield and transport because of dams or other special
circumstances. Bed-material attrition along the main stem
Umpqua River resulting from fracture, abrasion, dissolution,
and weathering and the resulting transformation of bed
material to suspended load is accounted for in a similar
manner as for the Chetco River analysis of Wallick and others
(2010). For sediment generated from the Western Cascades
and Klamath Mountains geomorphic provinces (fig. 1), we
applied a mass loss rate of 0.51 percent per river kilometer,
adopting the rate determined by Shaw and Kellerhals (1982;
calculated from their estimate of a fraction-diameter reduction
rate of 0.0017/km) for quartzites in natural rivers. For the
much softer rocks produced from the Coast Range geomorphic
province, we assigned a mass loss rate of 18 percent per
kilometer on the basis of tumbler experiments with Tyee
Formation sandstone clasts conducted by Benda and Dunne
(1997). Although this rate seems high relative to that for
quartzites, it is consistent with our observations that there
were few Coast Range clasts in the gravel bars within reaches
supplied by sedimentary rocks of the Coast Range. At the
surface sampling sites within the lower reaches, many clasts

of Paleogene sedimentary rocks have disintegrated in place
(fig. 45) and typically composed less than 5 percent of the bar
surface clasts despite these rocks accounting for 10-25 percent
of the contributing drainage area at the sampling sites. The
rapid attrition of Paleogene sedimentary rock clasts is also
supported by the high suspended sediment loads in Coast
Range streams (for example, Beschta, [1978]).

By contrast, the fraction of felsic intrusive rocks in
surface and subsurface bar sediment samples is consistent
with the overall fraction of the basin underlain by felsic
intrusive rocks as well as the expected percentage of felsic
intrusive clasts as predicted from the sediment yield analysis
in conjunction with mapped areas of felsic intrusive rocks
(Wells and others, 2001; Ma and others, 2009; table 9, fig. 46).
The result of applying the abrasion rates proportionally to the
volume of bed material delivered from the different terrains,
as predicted from the bed-material sediment yield correlation
of equation 3, indicates that the bed-material flux generally
increases downstream to the North Umpqua confluence, but
decreases downstream from the North Umpqua confluence
as attrition reduces bed-material volume faster than it is
replenished by downstream tributaries that furnish mainly soft
clasts of Paleogene sedimentary rocks (fig. 47).

Figure 45.
the Oregon Coast Range.

Examples of disintegrating sandstone clasts derived from the Tyee Formation in



We further modified predictions of cumulative sediment
yield to account for present river conditions by assuming no
bed-material input from the dammed portions of Cow Creek
and the North Umpqua River, and from the Smith River,
of which the lower 6 km is estuarine as a consequence of
Holocene sea-level rise, thereby inhibiting gravel transport to
the Umpqua River (fig. 47). The influence of the Galesville
Dam on Cow Creek is small, reducing the total predicted
yield at the Cow Creek confluence with the South Umpqua
River by 6 percent. The dams on the North Umpqua River
likely have had larger effects on total bed-material yield to the
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Umpqua River: the calculated volume of bed-material yielded
by the North Umpqua River in the absence of impoundments
accounts for as much as 65 percent of the total bed material
downstream of the confluence with the South Umpqua

River. This analysis probably overestimates the historical
contribution of the North Umpqua River because of the river’s
smaller peak flows and the smaller area underlain by Klamath
Mountains terrain rocks relative to the South Umpqua River,
and neither factor is explicitly accounted for in the bed-
material sediment yield model.

Garden

Tidal Coast Range Valley Roseburg Days Creek
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in surface samples
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Figure 46. Graph showing comparison between longitudinal distribution of clast lithologies in bed-material sampling
sites, fraction of contributing area underlain by these lithologies, and expected lithologies based on sediment yield
analysis. See table 9 and appendix C for lithology values at sampling sites.
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Figure 47.
and tributary contribution.

Combining the empirical bed-material sediment yield
estimates with estimates of downriver attrition rates and the
impoundments of Cow Creek, North Umpqua River, and
Smith River gives an overall prediction of bed-material flux
along the Umpqua and South Umpqua Rivers (fig. 47). Flux
rates generally increase within the Days Creek and Roseburg
reaches from approximately 13,400 metric tons/yr at the
upstream end of the Days Creek reach to nearly 50,000 metric
tons/yr within the Roseburg and Coast Range reaches.
Downstream, predicted flux rates diminish as attrition exceeds
input of bed material, gradually diminishing to 30,000—
40,000 metric tons/yr at the entrance to the Tidal reach.

Predicted bed-material yield in the Umpqua River basin, Oregon, under different scenarios of attrition

Summary of Bed-Material Characterization
and Transport

Measurements of bed-material sediment at 51 sites in the
Umpqua River study area provide a basis for characterizing
longitudinal patterns in bar texture and also support
calculations of transport capacity (table 9). Surface particle
sizes at 41 bars on the South Umpqua and main stem Umpqua
Rivers indicate a general downstream fining of surface bar
texture, with median grain size diminishing from about
100 mm in the Days Creek reach to less than 50 mm in the
Coast Range reach (table 9; fig. 37). Subsurface grain sizes
diminished much less, from median grain sizes of 20-40 mm
in the Days Creek reach to about 15 mm in the Coast Range
reach (fig. 37; table 9). Tributary bed material typically is finer
than that in the main stem Umpqua River.



Armoring ratios computed for 25 sites on the main stem
Umpqua and South Umpqua Rivers range between 1.08
and 4.73, with a mean value of 2.3, which is consistent with
overall conditions of excess transport capacity relative to
bed-material supply. Armoring ratios on tributaries generally
are lower; a value of 1.0 computed for Cow Creek indicates
that for that stream, sediment supply may approximate or
exceed transport capacity.

Clast lithologies assessed at each of the sampling sites
document the persistence of felsic intrusive rocks (which
originate in Klamath Mountains terrain) in the bed material.
The much softer sedimentary rocks of the Coast Range terrain
were either scarce or absent at most sites, which is consistent
with the greater abundance of gravel bars in the Days Creek
and Roseburg reaches compared to downstream reaches and
the overall conclusion that Klamath Mountains terrain rock
types are a major source of bed material for the Umpqua
River.

Calculated bedload transport capacity for WY's
1952-2008 varies markedly temporally and spatially among
44 computation sites on the South Umpqua River and
Umpqua River, and a single site on Cow Creek (figs. 40 and
41). Variation among the four applied transport equations
is due primarily to differences in surface and subsurface
sediment-size distributions among the sites and the minor
differences in the equation forms. The largest discrepancies
between the surface and subsurface-based equations are at
armored bars, where the transport capacities computed by the
subsurface-based equations can be 2-3 orders of magnitude

greater than those computed using surface grain sizes (table 9).

Annual transport capacity calculated for individual sites
ranges from essentially zero transport during low-flow years,
such as 1977 and 2001, to as much as 600,000 metric tons/yr
for high-flow years, such as 1964 and 1997. For the Umpqua
Sand and Gravel Bar (FPKM 171.4), more than 50 percent
of the total bed-material transport capacity for this 57-year
period occurred over a total of just 80 days. There is also
considerable spatial variation, as computed transport capacity
values throughout the study area span more than six orders
of magnitude. Armored and rarely mobilized sites such as
Maupin Bar (FPKM 94.5) have little or no transport capacity
in most years, whereas other highly mobile sites, such as
Willis Creek Bar and Myrtle Creek Bridge Bar (FPKM 204
and 219.9), have calculated mean annual transport capacities
of 100,000—300,000 metric tons. With the exception of the
large bars at the mouth of Cow Creek, many of the largest
bar complexes in the study area are in areas of decreasing
transport capacity.
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Most sites with high calculated annual transport
capacities are small patches of gravel deposited in the lee
of bedrock rapids (fig. 16) and likely are not representative
of overall reach conditions. The wide-ranging variability in
estimated transport capacities over time and between sites
illustrates the highly nonlinear dependence of bed-material
transport on key parameters of grain size, slope, and discharge.
Sensitivity trials, combined with field observations, show that
although some of the spatial variations in transport capacity
may arise from uncertainties in calculation parameters, most
of the variation for the Umpqua River system probably
results from the diversity of bar types and the supply-limited
character of the Umpqua River.

Considering the limitations of the equation-based
approach to the Umpqua River system, these calculations
probably are not a reliable means of estimating actual bedload
fluxes; nonetheless, given the range of calculations and
associated bar mobilities ( figs. 40 and 42), we judge that
the overall transport capacity along the South Umpqua and
Umpqua Rivers is probably less than 25,000 metric tons/yr,

a value consistent with the minimum bed-material transport
rates of 2,810 to 30,600 metric tons during WYs 200208
determined from the site-specific gravel bar surveys.

A second approach to estimating rates of bed-material
transport in the Umpqua River basin is an analysis of regional
measurements of bed-material yields. This analysis indicates
that basin attributes such as slope, drainage density, and
precipitation correlate with bed-material yield. The correlation
between bed-material yield and the product of basin slope and
precipitation is most applicable to the Umpqua River basin.
Application of this sediment-yield relation in conjunction with
(1) estimates of particle attrition, and (2) the effects of dams
and tidal influence, which markedly reduce or eliminate bed-
material supply from the North Umpqua River, Smith River,
and part of the Cow Creek basin, results in flux rates that
generally increase in the Days Creek and Roseburg reaches,
from approximately 13,400 metric tons/yr at the upstream
end of the Days Creek reach to nearly 50,000 metric tons/yr
within the Roseburg and Coast Range reaches. Downstream,
predicted flux rates diminish as attrition exceeds input of
bed material, gradually diminishing to 30,000-40,000 metric
tons/yr at the entrance to the Tidal reach.

The bedload transport capacity estimates are broadly
consistent with the bed-material yield analysis and site-
specific surveys at instream gravel mining sites along the
Roseburg and Days Creek reaches (tables 11 and 12) which
indicate local bed-material flux rates of up to 30,600 metric
tons/yr in high-flow years, but less than 10,000 metric tons/yr
in more typical years.
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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]

Range of  Calculated median transport capacity value 1951-2008 pBgg-material
. (metric tons) Bedload flux from
surveyed fill flux from .
. suspended sediment
Reach Name FPKM  volumesand  parker- sediment
;. ! Parker- Wilcock- . . measurements
net deposition Kjingeman- i Parker yield analysis (metric tons)
rates MecLean Klingeman Crowe (metric tons)
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 m?/m) compared with the Coast Range and Garden
Valley reaches (where specific bar area has ranged from
5.0 to 13.7 m%/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 m?) 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.



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
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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 EIkton 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 m2 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
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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



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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Appendixes m

Appendix A. Location Information for Historical and Repeat Oblique Photography
Completed for the Umpqua River, Oregon, Study Area

Data are available for download at http://pubs.usgs/gov/sir/20115041.

Appendix B. General Land Office Survey Notes and Approximate Location for
Meandered Portions of the Umpqua River, Oregon, Between 1853 and 1894

Data are available for download at http://pubs.usgs/gov/sir/20115041.

Appendix C. Particle-Size Distributions at Sediment Sampling Sites in the
Umpqua River Basin, Oregon, by Reach

Data are available for download at http://pubs.usgs/gov/sir/20115041.
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