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Erosion and Sedimentation in the Paritie Ria (Proceedings of
the Corvellis Symposium, August, 1W7). IAH5 Publ. ho. 165.

Residence times of channel-stored sediment in
Redwood Creek, northwestern California

MARY ANN MADEJ
Redwood National Park, Arcata, California
95521, USA

ABSTRACT Floods in 1964, 1972 and 1975 resulted in
streambed aggradation in Redwood Creek and its
tributaries. Sixty to 100* of the sediment stored in
steep, low-order tributaries was transported out of the
channels in 5 to 10 years, except where trapped by
debris jams. In the mainstem of Redwood Creek, recovery
after aggradation (i.e.. removal of flood-deposited
sediment) varies from 0 to 70it, depending on the
"activity level" of the sediment. Calculated residence
times for the remaining sediment range from decades for
active and semi-active sediment to centuries for
inactive and stable sediment.

INTRODUCTION

Much of the north coast of California is underlain by highly
fractured rocks of the Nesozoic to early Cenozoic Franciscan
Assemblage (Bailey ^ , 1964). A combination of rapid uplift,
pervasively sheared bedrock, high seasonal rainfall (2000 ddi year"^)
and disturbance by timber harvest and road construction activities
since the I950's has resulted in exceptionally high sediment yields
in this region (>2000 t km"^ year"^) (Judson & Ritter, 1964).

Severe flooding on the north coast of California in 1964, 1972,
and 1975 resulted in widespread channel bed aggradation and channel
widening. In the 720 km^ Redwood Creek basin, the 1964 flood was
estimated to have a recurrence interval of 50 years, and 10-25
years for the 1972 and 1975 floods (Coghlan, 1984). Several
regional studies documented extensive landsliding, bank erosion,
gullying and sedimentation occurring during the 1964 and 1970's
floods (Stewart & LaMarche, 1967; Hickey, 1969; Janda et al.. 1975;
KeJsey, 1980; Hagans and Weaver, this volume). Stream channel
recovery from major floods involves the removal of flood-deposited
sediment and the return to pre-flood channel morphology. Lisle
(1981) documented that elevated channel beds after 1964 flood
aggradation lasted 5-15 years at nine gauging stations in northern
California and southern Oregon. The purpose of this study is to
document changes in the volume of stored sediment in Redwood Creek
and its tributaries after major flooding and to estimate residence

_tiaes for remaining sediment.
Severe aggradation occurred in Redwood Creek during the 1964

flood, especially in the headwater areas. Seven years of moderate
flows (less than five-year recurrence interval) after 1964 removed
roughly half the flood-deposited sediment stored in steeper reaches
of the channel and deposited much of it farther downstream. The
1972 and 1975 floods resulted in additional aggradation in
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downstream reaches, and again some sediment was removed in
subsequent years by moderate flows. The location and rate of
sediment removal, and residence times of remaining sediment, are
functions of: where sediment was originally stored, its hei^t
above and proximity to the main channel, channel gradient, sediment
size, and the presence or absence of debris jams.

STUDY AREA

Redwood Creek drains an elongate 720 km^ basin (Fig. 1). For much
of its length it flows along the trace of the Grogan Fault, which
juxtaposes unmetamorphosed Franciscan sandstones and siltstones to
the east against a quartz-mica schist to the west. Total basin
relief is 1615 m; average hillslope gradient is 26*. and channel
gradient ranges from 12* in the headwaters to 0.1* at its mouth.
In its pristine, unlogged condition the Redwood Creek basin
supported old-growth redwood and Douglas fir forests, with scattered
grassland areas. Timber harvest began in earnest in the nid-l950's,
and by 1978 81% of the old-growth forest had been logged (Best, 1984)

Redwood Creek changes drastically in character from steep and
narrow in headwater reaches to wide and gently sloping in
downstream reaches. For this study Redwood Creek was split into an
upper, middle and lower reach (35.3, 33.3, and 35.6 km in length
respectively) with a U.S. Geological Survey (USGS) stream gauging
station located at the downstream end of each reach (Fig. 1).

Seventy-four tributary basins are drained by second-order or
higher streams, and range from 0.7 to 44 km^. Most tributaries are
low order, high gradient (5-30*) streams having narrow,
discontinuous flood plains. Tributary streams are nearly equally
divided between those draining sedimentary and metamorphic basins
(Pitlick, 1982).

METHODS

Volumes of main channel alluvium under pre-1950 conditions were
estimated from aerial and historical photographs and old surveys.
Field evidence (remnant fill terraces, exhumed trees and
artifacts), bridge surveys, discussions with local residents and
aerial photographs from 1962-1965 were used to estimate sediment
volumes deposited in Redwood Creek by the 1964 flood. Sediment
volumes present in the 1980 Redwood Creek channel were determined
by field measurements and air photo analysis. Gravel bar and
terrace heights were surveyed with a hand level and stadia rod. In
addition, all bars were described in terms of age and type of
vegetation growing on them, size characteristics of the deposited

partially buried trees or artifacts. Fifty-eight streambed cross
sections, surveyed annually from 1973-1986, document changes in bed
elevation and width (Nolan, 1979; Varnum, 1984).

A thick canopy of trees obscures most tributary channels from
view on aerial photographs. Pitlick (1982) mapped the location of
tributary stored sediment and estimated the total volume to be
1.05 X 10 m . Tributary cross sections were surveyed by the USGS
and the National Park Service from 1974 to 1986. Although the
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generally described, detailed field iieasure«eiits only permit a more
quantitative analysis of channel recovery after the 1975 flood.
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RELATIVE AGE ESTIMATES OF SEDIMENT
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in Redwood Creek was estimated to be 16.1 x 10® a®. Cross-
sectional and longitudinal profile surveys showed degradation in
lower Redwood Greek from 1980-1986 (Varnum and Ozaki. in press),
suggesting the total amount of stored sediment in 1986 was roughly
15.8 X 10® m®.

RESIDENCE TIMES OF STORED SEDIMENT IN THE REDWOOD CREEK CHANNEL

A critical part of describing the dynamics of channel-stored
sediment is defining the residence time, or persistence, of stored
sediment. In this study, calculations of residence times for
active semi-active, inactive and stable sediment were based on the
approach of Dietrich and Dunne (1978). Residence time was defined
as volume of sediment per unit channel length (Vg) divided by
bedload discharge rate (Qu). Bedload discharge rates were based on
measurements from USGS gauging stations on three tributaries and at
three malnstem sites (Fig. 1). and 'Qg' were then defined as
power functions of drainage area (A), and drainage area (A) was
defined as a power function of mainstem channel length (X):

Vg = aA'

Qb =

A  = CXP

(1)

(2)

(3)

where a, b, c, m. n and p are constants. Hadej (1984) discussed
this technique more completely.

Combining equations (1) - (3) yielded the following
relationships between residence time (Vg/Qg) and the power function
equations:

dt = V = atcXP)" = a xP'"""'
dx Qg b(cXP)" b

(4

Integration of Equation 4 allowed calculation of residence times
for a reach of channel length Xg ~ •
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dx (5)

Table 1 lists results of residence time calculations for Redwood
Creek. Active and semi-active sediment have the shortest residence
times, and residence times decrease downstream. Residence times
increase by about an order of magnitude for each level of
increasing stability.- Madej (1984) and Kelsey et al. (1986)
-discussed-results and implications of these calculations further.

Results suggest that material deposited In active and semi-
active sedlaent categories Is likely to be flushed out of a reach
rapidly (10-50 years). Cross-sectional data confirm this. Field
evidence and aerial photographs show that severe aggradation of
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TABLE 1 Residence times for sediment stored in each of four
sediment categories in each of the three reaches.

?r
m

storage Category Residence Time (years)

Redwood Creek Reaches
Upper Hiddie Lower

ACTIVE

SEMI-ACTIVE
INACTIVE

STABLE

26

50

104

700

11

19

99

3100

9

15
IOC

7200

Redwood Creek occurred upstream of the Bridge Creek confluence in
the 1972 and 1975 floods. Sediment was deposited in the thaJweg and
on low-lying unvegetated bars (active and semi-active categories).
Figure 2 illustrates rapid channel degradation occurring at a cross
section in the following decade. In contrast, in wider areas of
Redwood Creek, where sediment was deposited on flood plains and
low-lying terraces (inactive and stable categories), the volume of
sediment removed has been much less. The sediment remaining will
take decades to centuries to be flushed out of the stream (Table 1) .
Thus, complete mainstem recovery (i.e., removal of flood-deposited
sediments) may take centuries.

Channel recovery in the mainstem of Redwood Creek channel varied
from 4-70% in the upper reach to typically 0-13% in the middle and
lower reaches. Only in localized areas in the middle or lower
reaches where active and semi-active sediment dominates did recov
ery exceed this amount (Fig.2). Dating trees that are growing at
the base of eroded flood deposits suggests that locally much of the

Redwood Creek
Cross Section *22

t \

/

I  ••v/ I I
I
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Sur*e> Dates
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20 90 40

D«unc« Iron Lett Pn (neiers)

FIG. 2 Plot of Redwood Creek Cross Section 22. Note'
rapid degradation of thalweg and low-lying gravel bars
after major aggradation occurred In 1972 and 1975.
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deposits or degree of recovery (on a normalized basis) and drainage
area.

The degree of tributary channel recovery corresponds roughly with
channel gradient. All tributary reaches steeper than 12^
showed substantial recovery, but even relatively low gradient
streams (1^) showed good recovery if no log jams were present.

A few streams showed in excess of 100^ recovery from the 1975
flood. These streams were most likely eroding underlying sediments
deposited by the 1972 flood. Unfortunately no pre-1974 cross-
sectional data were available to confirm this.

CONCLUSIONS

Much of the recovery of Redwood Creek and its tributaries after
major flooding and associated aggradation occurred within 10 years
of the event. In the mainstes of Redwood Creek, sediment stored in
active and semi-active categories is easily mobilized and has a
residence time of 10-50 years per reach. Sediment still remaining
from the flood events of 1964, 1972 and 1975 is commonly stored in
inactive and stable categories as fill terraces and overbank flood-
plain deposits. The calculated residence time of this remaining
sediment (>100 years) exceeds the recurrence interval of the floods
which deposited it. Thus, total channel recovery (i.e. total
removal of 'excess' sediment) may only occur over geologic lime
periods.

In contrast, steep, small tributaries of Redwood Creek are more
efficient sediment transporters, and they flush themselves clean of
sediment rapidly. Within 10 years under moderate flow conditions,
recovery is almost complete in most basins, except where log jams
trapped sediment. The residence time of sediment upstream of debris
jams is dependent on the stability of the jam.
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