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A log step develops when large woody debris extends across the active

channel, creating a change in the water surface elevation as the stream

spills over the log step. By forming a series of vertical falls, log

steps reduce the amount of potential energy available for conversion to

kinetic energy used for water and sediment routing. By trapping sediment

supplied from upstream and adjacent hillslopes, log steps introduce an ad-

ditional storage component into the sediment budget for forest streams.

Simply reporting the percent of potential energy dissipated by log steps

fails to reveal the significance of this function to equilibrium condi-

tions. Forest management related addition and removal of log steps and

stream adjacent trees have occurred without appreciation for the conse-

quences to equilibrium conditions and associated trends in sediment pro-

duction.

Collection and analysis of data is undertaken for 13 study basins in

the central Oregon Coast Range, including field surveys of 102 miles (164

km) of streams. The basins are divided into four landtypes using lithology



and cluster analysis of seven morphometric variables which reflect the

hydrologic and erosional regimes. Analogies between thermodynamic sys-

tems and stream systems enable derivation of equilibrium criteria which

account for potential energy dissipation by falls and log steps. Calcu-

lations using the chi-square (X 2
) test statistic produce a quantitative

measurement of the proximity to equilibrium of the stream network. A

morphometric erosion factor is used to estimate mean annual sediment

yield for each basin. The estimated mean annual sediment yield is then

expressed as a percent of the sediment volume stored by log steps in all

third, fourth, and fifth order streams.

The dissipation of potential energy by log steps amounts to 6,09

percent, approximately equal to that of falls. Landtypes do not account

for the spatial variation of log step development among the study basins.

However, differences in the percent of potential energy dissipated by log

steps between second, third, fourth, and fifth order streams are found to

be statistically significant. Silvicultural activities account for only

20 percent of all log steps, in direct proportion to the percent area

clearcut (25 percent) in the 13 study basins. The mean height of log

steps created by silvicultural activities is 4.2 feet (1.3 m), one and

one-half times as great as the mean height of log steps created by natural

processes. The sum of mean annual sediment yield estimates for the 13

study basins amounts to 82 percent of the total volume estimated in stor-

age by log steps in third, fourth, and fifth order streams. Statistical

analyses indicate that falls and/or log steps do not cause a significant

differences in the proximity to equilibrium of the stream network. Be-

cause of the long duration time of instream large woody debris, the



accumulation of log steps over time with future silvicultural activities

may lead to significant impacts on equilibrium conditions which now de-

pend more on structural controls (e.g. uplift, faulting, and lithology)

imposed over geologic time. In any case, the equilibrium criteria and

sedimentation impacts described provide only two standards by which to

manage instream large woody debris. The geomorphic functions of instream

large woody debris not incorporated as log steps and the biological

functions of instream large woody debris must also be addressed in forest

management decisions.
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The scientist does not study nature because it is useful; he
studies it because he delights in it, and he delights in it
because it is beautiful. If nature were not beautiful, it
would not be worth knowing, life would not be worth living.
Of course I do not here speak of that beauty which strikes
the senses, the beauty of qualities and of appearences; not
that I undervalue such beauty, far from it, but it has noth-
ing to do with science; I mean that profounder beauty which
comes from the harmonious order of the parts and which a
pure intelligence can grasp. This is it which gives body, a
structure so to speak, to the iridescent appearences which
flatter our senses, and without this support the beauty of
these fugitive dreams would be only imperfect, because it
would be vague and always fleeting. On the contrary, in-
tellectual beauty is sufficient unto itself, and it is for
its sake, more perhaps than for the future good of humanity,
that the scientist devotes himself to long and difficult
labors.

- Henri Poincare
French mathametician/physicist
1354-1912
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THE GEOMORPHIC SIGNIFICANCE OF LOG STEPS
IN FOREST STREAMS OF THE OREGON COAST RANGE

I. INTRODUCTION

Protection of fisheries and water resources of forest streams de-

pends in great measure on our understanding of the various functions per-

formed by instream large woody debris. Large woody debris includes logs,

branches, and stumps larger than four inches (10 cm) in diameter. A log

step develops when large woody debris extends across the entire active

channel, creating a change in the water surface elevation as the stream

spills over the log step. By forming a series of vertical falls, log

steps (and other fall obstructions) reduce the amount of potential energy

available for conversion to kinetic energy used for water and sediment

routing through the stream network.
1

By trapping sediment supplied from

upstream and adjacent hillslopes, log steps introduce an additional stor-

age component into the sediment budget for forest streams with subsequent

effects on sediment yield.

PROBLEM STATEMENT

The geomorphic significance of log steps has not been demonstrated,

primarily because ideal levels of potential energy dissipation by log steps

1
The potential energy of a mass (m) at height (h) above a datum is

equal to mgh, where g is the constant of gravitational acceleration. It

follows that the potential energy per unit mass of water is directly pro-
portional to h, of the relief in a specific stream segment. The terms
"potential energy" and "stream relief" will be used interchangeably
throughout the present study.
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have not been identified. As a result, the removal of log steps and stream

adjacent trees (the dominant source of log steps) continues without appre-

ciation for the possible consequences to stream equilibrium conditions and

associated trends in sediment production. Depriving some streams of log

steps by stream clean-out or repeated harvest of stream adjacent trees may

initiate an episode of erosion by providing an excess amount of potential

energy. Other streams have an insufficient amount of potential energy to

transport imposed supplies of water and sediment. Log steps can only ag-

gravate this latter situation by further reducing the potential energy

available for conversion to kinetic energy needed for water and sediment

transport. Contrasting forest management prescriptions may be needed

for the two types of stream systems.

It is unknown whether the dissipation of potential stream energy by

log steps is as important in streams of the Oregon Coast Range as reported

in other forest regions. Moreover, researchers have not yet separated the

influence of physiographic factors (geology, climate, and vegetation) from

the influence of silvicultural activities on the distribution of log steps.

These findings are needed to determine the priority, among other resource

management objectives, of controlling the addition and removal of log steps

and stream adjacent trees.

STATEMENT OF HYPOTHESES

It is argued that the distribution of potential energy in a stream

network is diagnostic of equilibrium conditions and the general sediment

regime (aggrading, degrading, or at grade). By quantifying the dissipa-
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Lion of potential energy and sediment storage by log steps in various por-

tions of the stream network, the geomorphic significance of log steps can

be demonstrated. The study will also test the hypotheses that the distri-

bution of falls, log steps, and equilibrium conditions vary spatially by

landtype and that silvicultural activities have had a significant impact

on the latter two features. The author asserts that a general geomorphic

understanding of log steps is facilitated by the basin-wide perspective

utilized in the present study rather than a reductionist analysis of log

steps in a single stream.

ORGANIZATION OF STUDY

The research findings will be reported in the following fashion.

First, a review of the literature will serve to outline processes and

factors affecting stream loadings of large woody debris and to cite past

studies of potential energy dissipation and sediment storage by log steps.

The shortcomings of several channel equilibrium evaluation techniques will

be reviewed relative to criteria of explanatory adequacy and the objec-

tives of the present study. An analogy between thermodynamic systems and

geomorphic systems will then be presented in order to develop equilibrium

criteria which satisfy the above stipulations. Second, the general phys-

iography of the study region will be described along with research proce-

dures involving collection and analysis of data. Third, the results of

the research will be reported for each of the thirteen study basins, in-

cluding plan view maps which illustrate the distribution and height of

all obstructions dissipating potential stream energy, the extent of the

stream network, location of debris torrents, and the silvicultural his-
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tory of the basin. Fourth, a synthesis of the research findings will

distinguish the influence of physiographic factors from the influence of

silvicultural factors on the development of log steps. A discussion will

follow regarding implications to forest resource management of adding and

removing log steps and stream adjacent trees on a basin-wide scale. It

is beyond the scope of the present study to discuss biological effects of

instream large woody debris or the geomorphic effects of instream large

woody debris other than performed by log steps.
2

lows:

OBJECTIVES

The principle objectives of the research may be summarized as fol-

1) quantify the dissipation of potential stream energy by log steps

in managed and unmanaged forests of the Oregon Coast Range with

contrasting physiographic settings;

2) quantify the proximity to equilibrium of stream networks and in-

dividual stream segments, accounting for the influence of log

steps, and use the deviation from equilibrium to infer future

trends in sediment production; and

3) use the concept of potential energy dissipation in stream sys-

tems to derive general implications to stream equilibrium of

management related addition and removal of log steps and stream

adjacent trees.

2
The reader is refered to the literature by Swanson et al. (1976),

Swanson and Lienkaemper (1978), Hall and Baker (1975), and Sedell and
Triska (1977) for treatment of these topics.
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II. LITERATURE REVIEW

A review of the literature reveals an increasing awareness of the

geomorphic functions performed by instream large woody debris. In parti-

cular, the dissipation of potential stream energy and sediment storage by

log steps is reported in a variety of geographic settings. However,

channel equilibrium evaluation techniques vary in their sensitivity to

these functions.

As a common denominator for comparisons between streams, reference

is made to the concept of stream order defined by Strahler (1957). Stream

classification by order provides an index of location within the stream

network. More important, a plethora of research identifies contrasting

geomorphic, hydrologic, and biotic features predominating in streams of

different order.

STREAM LOADINGS OF LARGE WOODY DEBRIS

Addition of Large Woody Debris to Forest Streams

Large woody debris enters forest streams by natural processes as well

as directly or indirectly through human activities. The former include

treefall, flotation, lateral movement, insect infestations, wildfire, and

mass wasting. The latter include buffer blowdown, accelerated mass wast-

ing, channel hydraulic modification using logs, and inputs during timber

harvest and slash burning. Accumulations of instream large woody debris

typically result from a combination of several of these processes (Swanson

et al., 1976).
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Treefall is triggered by bank undercutting, windthrow, and beaver

activity. Where streamflow is directed against noncohesive xhannel banks,

erosion of soil material previously bound by roots causes eventual top-

pling of stream adjacent trees. The importance of treefall is illustrat-

ed by the Columbus Day windstorm in 1962 when an estimated 11 billion

board-feet (26 million m3 ) of timber were downed in western Oregon within

a few hours. Similar catastrophic windstorms are reported for western

Oregon in 1880, 1921, 1955, and 1964, each with severe impacts to forest

streams (Froehlich, 1975). Log steps resulting from stream adjacent tree-

fall exhibit a cycle of development as visualized by DeBano (1977):

First, a tree or log falls across the channel. If it lodges
above the high water level, it does not affect flow or the
channel. Eventually, the log breaks and forms a 'V' in the
bed accumulating some debris and sediment. Over time the log
becomes more firmly anchored in the banks and more sediment
and debris lodge behind it. Eventually the log deteriorates,
the log step fails, and the sediment deposits are lost.

Large woody debris is also delivered to a particular channel reach

by flotation from upstream reaches or adjacent floodplains. Debris is

rafted onto point bars and mid-channel bars during storm peak flows in

larger streams where the flow is competent enough to transport material

of great bulk density. Log steps develop from flotation by enlarging

with trapped woody material and sediment until the entire active channel

is affected by a vertical drop in water surface elevation over the debris.

Log steps which owe their existence to flotation are usually identified

by the matted appearance of woody debris on the upstream side of the log

jam and the position of anchoring logs on a point bar or mid-channel bar.

Fallen trees reach stream by lateral movement, especially where

steep hillslopes lie in close proximity to channels (Sedell and Triska,
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1977). Insect infestations and wildfire may also accelerate this process

by killing stream adjacent trees (Froehlich, 1975). Following damage to

timber stands by insects or wildfire, the average size and total volume

of large woody debris reaching streams will remain below pre-fire levels

until a more mature stand of trees is established (Swanson and Lienkaemper,

1978).

Finally, there are several mass wasting processes which are capable

of delivering vast quantities of large woody debris to forest streams.

Soil creep and earthflows are relatively slow mass wasting processes by

which regular inputs of large woody debris occur in streams. Creep (a

shallow soil movement) and earthflow (a deep-seated movement) may occur

concurrent or subsequent to slump activity on a hillslope block of earth

material (Swanston and Swanson, 1976). By weakening the root-binding

strength of trees, creep and earthflow cause direct inputs or render

trees more prone to windthrow or bank undercutting. A debris avalanche

is a more rapid, shallow soil mass wasting process which supplies large

slug inputs of large woody debris to streams. When directed into a steep

headwater channel, either a slump or debris avalanche may initiate a debris

torrent. Stream scour usually accompanies a debris torrent which then

leaves a large deposit of woody material and sediment in the receiving

stream. Log steps developing from mass wasting events generally incor-

porate sediment from the failure into a sediment plain behind the log jam.

Human activities increase stream loadings of large woody debris in

several ways. First, the incidence of treefall increases because trees

are more susceptible to windthrow along clearcut boundaries and in buffer

strips along streams, especially where tree density is low. Second, tim-
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ber harvest eliminates the soil-binding strength provided by roots and al-

lows more rapid overloading of the soil moisture holding capacity. Both

effects combine to unbalance strength-shear relationships in forest hill-

slope soils, thereby accelerating mass wasting inputs of large woody

debris to streams (Swanston and Swanson, 1976). Third, road failures at

channel crossings usually trigger debris torrents with entrainment of

streamside trees along the path of scour. Fourth, it has been suggested

that overloading of logging slash in headwall streams increases the fre-

quency of debris torrents (Swanson and Lienkaemper, 1978). However? an

inventory of mass wasting events in western Washington noted that logging

slash and debris in the stream channel was rarely the sole factor initiat-

ing a debris torrent (State of Washington, Department of Ecology, 1979).

Fifth, channel hydraulic modification using logs constitutes a deliberate

input of large woody debris, as exhibited by fish ladders or channel bank

revetments. Sixth, direct felling or rolling of trees into streams dur-

ing timber harvest and slash burning continues to be a major input when

stream adjacent trees are removed (Bishop and Stevens, 1964; Lammel, 1972).

Froehlich (1975) has observed five-fold increases in stream loading of

large woody debris following conventional harvest methods. Directional

felling, post-harvest yarding, balloon logging, and well constructed buf-

fer strips have all been shown to be effective measures against increased

stream loadings of logging debris (Froehlich, 1975).
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Removal of Large Woody Debris from Forest Streams

Instream large woody debris is removed from forest streams through a

variety of means. Repeated wet-dry cycles and biotic processing of large

woody debris leads to physical breakdown and decomposition. The resis-

tance to these processes ranges from greatest to least among the follow-

ing species: redwood, western red cedar, Douglas fir, western hemlock,

red alder, broadleaf maple (Swanson, 1978). Flotation during storm events

and debris torrents transfer large woody debris from low order streams to

high order streams as discussed earlier. Woody debris is occasionally

lost by burial under sediment deposits from upstream or from hillslope

failures. Nevertheless, Swanson et al. (1976) report that instream large

woody debris has a duration time exceeding 100 years. Keller and Tally

(1979) claim that a residence time of 100 to 200 years is common with a

possible duration of 500 years for large redwood trees. With such a long

residence time before natural processes remove instream large woody de-

bris, stream rehabilitation projects have been pursued where damage has

resulted to fisheries resources. Beginning in the late 1940s, the Oregon

Fish and Game Commission(now known as the Department of Fish and Wildlife)

removed old log jams from hundreds of streams on private and federal lands

in the state (Holderman, 1977). In the 1960s, the U.S. Forest Service and

Bureau of Land Management began to require removal of instream logging

debris as a condition for awarding timber sale contracts. Finally, in

1971, the Oregon State Legislature passed the State Forest Practices Act

with regulations addressing stream clean-out (State of Oregon, Department

of Forestry, 1975):



10

Trees should be felled, bucked, and limbed so that the tree
or any part thereof will not fall into or across any Class I
stream.3 Remove all material that gets into a stream as an
on-going process during timber harvesting operations. Place
removed material above high water level.

Methods, costs, and environmental considerations of stream clean-out are

discussed in a collection of papers presented at the Second Workshop on

Logging Debris in Streams (Oregon State University, Extension Service,

1977).

A less apparent, but long-term impact of silviculture on stream

loadings of large woody debris relates to the loss of old-growth trees

adjacent to streams. Second-growth stands rarely produce trees matching

the size of original stands. In addition, plantation trees are harvested

before they can contribute to stream loadings of large woody debris. The

combined effect is to diminish full development of log steps (Likens and

Bilby, 1979).

The Distribution of Large Woody Debris in Forest Streams

The relative importance of processes contributing to stream loadings

of large woody debris has not been documented for various portions of the

stream network. Keller and Swanson (1979) present a qualitative diagram

of input-output processes for instream large woody debris as a function

of distance from headwater regions of the stream network, but no support-

3
Class I streams, according to the State of Oregon stream classifi-

cation system, are perennial or intermittent streams deemed "valuable
for domestic use, are important for angling or other recreation and/or
used by significant numbers of fish for spawning, rearing or migration
routes." (State of Oregon, Department of Forestry, 1975).
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ing data is offered. Treefall and lateral movement are said to be of

greatest relative importance as input processes in small streams (first

and second order). Flotation and mass wasting are said to dominate input

processes in medium size streams (third, fourth, and fifth order).

Although large woody debris enters and leaves forest streams by the

deterministic processes outlined above, their combined effect may be to

cause a spatially random distribution of large woody debris in the stream

network. In support of this notion, Heede (1972) reports that the dis-

tance between log steps is nearly uniform in small mountain streams.

Keller and Swanson (1979) claim that the distribution of large woody de-

bris is random in smaller streams with more distinct accumulations in

larger streams. However, research generally shows that the distribution

of instream large woody debris varies inversely with stream size (Keller

and Tally, 1979). This probably results from an increase of stream area

per unit length and increased transport capability in larger streams.

Bilby (1979) finds that the frequency of log jams is inversely related

to stream width, watershed area, and stream cross-sectional area. The

frequency of log jams ranges from 20 to 40 per 300 feet (100 m) in first

order streams, ten to 15 in second order streams, and one to six in third

order streams. Likens and Bilby (1979) add that the average diameter of

the major log in a log jam increases as stream width increases. Swanson

and Lienkaemper (1975) list several factors which control the amount and

distribution of large woody debris in a stream network when observed at

any point in time:

1) history and condition of the surrounding timber stand;
2) flushing history of the channel;
3) stability and abundance of bedload material;
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4) steepness of the channel and adjacent hillslopes; and
5) slope stability in the drainage.

If the second, fourth, and fifth factors above can be shown to vary by

stream order, then the distribution of instream large woody debris may

indeed vary by stream order (and associated physiographic variables) sub-

ject to the extent of silvicultural factors. Even if input-output proces-

ses regarding instream large woody debris do operate in a spatially random

manner, the processes are said to be "event-oriented" because they are

triggered by rain and wind events of high magnitude and low frequency

(Sedell and Triska, 1977).

THE GEOMORPHIC EFFECTS OF LOG STEPS

Two geomorphic effects of log steps are recognized in the literature,

the dissipation of potential stream energy and sediment storage. Instream

large woody debris which does not span the entire active channel and

create a drop of water surface elevation does not dissipate potential

energy. Instead, kinetic energy dissipates by flow deflection and in-

creased channel roughness (Harr, 1975; Leopold et al., 1964). The present

study places a focus on potential stream energy because it is the source

for all kinetic energy utilized for erosion and transport of water and

sediment and because it is not affected by the complex factors of channel

roughness and channel shape.
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Dissipation of Potential Stream Energy by Log Steps

The dissipation of potential stream energy by a series of vertical

falls occurs from log steps as well as from boulder and bedrock water-

falls, fish ladders, dams, and culverts. In all cases, the elevation of

the water surface must be affected by a vertical drop over the active

channel width. It should be noted that the effective height of all ob-

structions, including log steps, may change as river stage changes. For

example, an impervious log jam will impound water during peak flows, in-

creasing the head and dissipation of potential stream energy. On the

other hand, log steps or other obstructions with a low head become sub-

merged during peak flows, especially in channels with a low width-to-

depth ratio. The variation in effectiveness of fall obstructions remains

undocumented in the literature, although Heede (1976) reports submergence

of log steps to be a rare occurence in his study streams.

The reduction of potential stream energy by log steps is usually ex-

pressed by the cumulative height of the steps as a percentage of the total

stream relief. In high elevation streams of the Rocky Mountains in Color-

ado and White Mountains in Arizona, Heede (1972, 1975, and 1976) finds 50

to 100 percent of total stream relief dissipated by log steps and gravel

bars. The separate effect of each is not given. Kelly and Tally (1979)

report a 60 percent reduction of potential stream energy by log jams with-

in a second order stream in the Redwood Creek basin. The fall due to log

jams decreases to 18 and eight percent in lower study reaches of the same

stream. Bilby (1979) measures the fall over log jams in first, second,

and third order streams of the Hubbard Brook Experimental Forest in New
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Hampshire to be 52, 45, and ten percent respectively. Keller and Swanson

(1979) claim that log steps typically account for 30 to 80 percent of to-

tal stream relief in small forest streams of western Oregon. Swanson et

al. (1976) cite figures of 32 and 50 percent for two small streams in the

western Cascades of Oregon. The only study in the Oregon Coast Range re-

garding log steps has been undertaken by Dietrich (1975) who reports a

mere four percent of total stream relief dissipated by log steps in the

Rock Creek roadless area. Nevertheless, the belief prevails that log

steps account for a progressively larger percent of relief as stream size

decreases. One must consider these figures in light of the small samples

used in each study as well as the failure to report definitive criteria

for identifying and measuring log steps.

Sediment Storage by Log Steps

Any channel feature which causes topograhic irregularities across

the channel width has the potential to store sediment. Log steps accom-

plish this effect by trapping fine and coarse size sediment behind well-

anchored large woody debris until the log step fails by processes out-

lined earlier. Keller and Tally (1979) report that approximately 40 per-

cent of the active channel is covered with sediment lodged behind log

jams. Heede (1972) describes how sediment deposits act to stabilize log

steps and do not force them out of position.

While volumes of sediment stored behind log steps may be dramatic,

it is best considered in proportion to the annual sediment yield for the

particular basin. Megahan and Nowlin (1976) find that annual sediment
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yields from forest watersheds in central Idaho are only approximately ten

percent of the sediment stored by channel obstructions, 75 to 85 percent

of which are log steps. Swanson and Lienkaemper (1978) use data from the

H.J. Andrews Experimental Forest in the western Cascades to show that the

annual sediment yield is much less than ten percent of that stored behind

log steps. The same authors note that log step storage of sediment "serves

to buffer the sedimentation impacts on downstream areas when there are

pulses of sediment input to channels." On the other hand, a stream net-

work with abundant volumes of sediment stored behind log steps relative

to the annual sediment yield may be more susceptible to sedimentation im-

pacts should log steps be removed (by natural or artificial means) on a

large scale. Following removal of large woody debris from a 300 foot

(100 m) section in an Oregon Coast Range stream, over 74,000 cubic feet

(2,100 m
3
) of sediment were removed (Beschta, 1979).

LOG STEPS AND CHANNEL EQUILIBRIUM EVALUATION TECHNIQUES

The geomorphic significance of log steps may be demonstrated by quan-

tifying the influence of log steps on stream equilibrium conditions. A

number of equilibrium evaluation techniques have been developed for stream

systems, using a variety of diagnostic criteria. Of critical importance

is whether the technique accounts for potential energy dissipation and

sediment storage of log steps. Since log steps influence a stream's capac-

ity to erode and transport water and sediment, it is desirable to find the

appropriate distribution of log steps to prevent excess aggradation or

degradation. Figures describing the percent of total stream relief due
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to log steps or sediment stored behind log steps do not alone provide any

indication of the significance to equilibrium of log steps.

The Concept of Equilibrium in Biophysical Systems

According to the American Heritage Dictionary of the English Language,

equilibrium is defined as: "any condition in which all acting influences

are cancelled by others resulting in a stable, balanced, or unchanged sys-

tem" (Morris, 1969). The perception of change, however, depends on the

time span considered (Schumm and Lichty, 1965). Rapid morphological change

observed over a short period of time may simply represent adjustment to-

ward a new equilibrium state (Bull, 1979; Schumm, 1977). This difficulty

raises the question of whether equilibrium is a phantom concept, described

in different terms and with different results for contrasting time spans.

Nevertheless, it is the ability to self-regulate (homeostasis) that is

recognized as the diagnostic characteristic of equilibrium conditions in

biophysical systems such as ecosystems or geomorphic systems (Chorley and

Kennedy, 1971; Odum, 1969; Schumm, 1977). Thus, the presence of negative

feedback mechanisms in biophysical systems ensures that morphological ad-

justments are in the direction of equilibrium. The problems caused by

limited time perspectives can be overcome if the equilibrium evaluation

technique is able to identify equilibrium conditions independent of condi-

tions at the time of observation. For existing channel equilibrium evalua-

tion techniques to be applicable in the present study, this explanatory and

heuristic power must be satisfied along with an internal consistency (free-

dom from contradictions), external adequacy (addresses the complexity of

stream systems), and aesthetic appeal.
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The Concept of the Graded Stream

A large portion of the literature in fluvial geomorphology refers to

the concept of the graded stream when discussing channel equilibrium.

The most lasting definition of grade, and most comprehensive treatment of

the concept, is offered by Mackin (1948):

A graded stream is one in which, over a period of years, slope
is delicately adjusted to provide, with available discharge
and prevailing channel characteristics, just the velocity re-
quired for transportation of all the load supplied from the
drainage basin...The graded stream is a system in equilibrium;
its diagnostic characteristic is that any change in any of the
controlling factors will cause a displacement of the equilibrium
in a direction that will tend to absorb the effect of the
change.

Despite Mackin's eloquent treatise on the graded stream, specific criteria

remain lacking by which to recognize a graded stream in the field. This

concern is expressed by many authors, including Woodford (1951), Holmes

(1952), Leopold and Maddock (1953), and Wolman (1955). Miller (1958)

states that "the dearth of reliable criteria for recognizing equilibrium

conditions in mountain streams is a serious shortcoming of the concept of

grade." It is impossible to generalize whether mountain streams can reach

equilibrium using the qualitative diagnostic criteria for a graded stream.

No research has been presented which identifies the influence of large

woody debris on the balance between stream power and sediment load. The

lone quantitative relationship for describing a graded stream developed

by Rubey (1952) is a useful educational tool but cannot be used in the

field to identify the graded situation. The concept of grade as presently

developed is unsuitable for use in revealing equilibrium conditions in

forest streams.
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Streamflow Thresholds of Particle Stability

An analysis of forces acting on individual particles in a stream has

been used to derive expressions for incipient particle motion. The rela-

tionship between particle stability and channel stability is based on the

notion that aggradation and degradation can be explained by comparing sedi-

ment size with critical values of velocity, shear stress (tractive force),

or stream power (the product of tractive force and velocity) (e.g. Baker

and Ritter, 1975; Bull, 1979; Lacey, 1929; Lane, 1937).4 The empirical

equations which have been developed are widely criticized because they

attempt to oversimplify a complex problem. Natural stream channels expe-

rience extreme spatial and temporal fluctuations of velocity and shear

stress such that sediment movement is influenced by the frequency and dura-

tion at which thresholds are exceeded at an infinite number of channel

cross-sections.

Indicators of a Stable Channel Morphology

Some techniques for evaluating channel stability rely on morphologi-

cal features of the channel without any reference to streamflow. Rzhanitsyn

(1960) developed a channel stability index for high order streams of the

Russian steppe calculated by dividing the product of mean particle size

and channel width by the product of channel gradient and the square of

channel depth. Schumm (1960, 1961, 1963) classifies alluvial channels

4
Tractive force is defined as the product of the specific weight of

water, flow depth, and the slope of the water surface.
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,according to stability and mode of sediment transport. Stability is

judged by comparing the percent of silt and clay sized particles in the

channel cross-section to the width-depth ratio. However, Schumm makes a

prejudgment as to whether the channel is stable or unstable, assuming that

his period of observation is sufficiently long for the stream to display

an ability to adjust dimensions for efficient sediment transport.. The

schemes of Rzhanitsyn and Schumm need to be calibrated against field obser-

vations of channel change before one can quantify the proximity to equilib-

rium using their criteria.

A noteworthy effort to identify stability indicators for mountain

streams is contained in a publication by Region 1 of the U.S. Forest Ser-

vice entitled, "Stream Reach Inventory and Channel Stability Evaluation"

(Pfankuch, 1975). The field procedure contends to evaluate:

the resistive capacity of mountain stream channels to the
detachment of bed and bank materials and to provide infor-
mation about the capacity of streams to adjust and recover
from potential changes in flow and/or increases in sediment
production.

The principle shortcomings of the Pfankuch channel stability rating system

are threefold. First, the procedure does not account for observations

biased by the timing of the survey. The results may not be interpreted

in the same light regarding channel response to storm period, seasonal,

yearly, and less frequent hydrologic events. The results do not indicate

the direction that morphologic adjustments must follow to attain equilib-

rium in the future. Second, the procedures and rating criteria are ill-

defined or confusing, a situation which inhibits reproducible results be-

tween different observers. Users of the Pfankuch system disagree on whether

the overall stability rating will vary among observers, but nearly all users
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admit that the numberical ratings for each stability indicator vary greatly..

The system is, therefore, not consistent in practice to allow comparative

ratings of the same channel reach through time. Third, the Pfankuch rating

system relies on stability indicators which do not address the stabilizing

effects of log steps in streams of the Oregon Coast Range. A point-by-

point critique of the Pfankuch channel stability rating system was prepared

by Marston (1979) for the Siuslaw National Forest. The principle failing

of equilibrium evaluation techniques that rely on morphological indices

relates to the over-emphasis on cross-sectional data without accounting

for the adjustment of the study reach to other portions of the stream net-

work.

Hydraulic Geometry and Channel Stability

Hydraulic geometry involves relationships of channel width, depth,

and velocity with changing discharge. Leopold and Maddock (1953) were the

first to demonstrate that width, depth, and velocity exhibit systematic

increases with increasing discharge at a single cross-section or with dis-

tance downstream in alluvial rivers. The hydraulic geometry is expressed

by power functions (straight line plots on logarithmic graph paper) of

channel width, depth and velocity against stream discharge. An adequate

sampling frequency has yet to be defined for conducting studies of channel

hydraulic geometry.

The regular adjustments described by the hydraulic geometry are said

to be indicative of a "quasi-equilibrium," but the relationships derived

from one set of data points do not necessarily identify the stable channel
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configuration. Wolman (1955) states that the scatter of points about each

regression line cannot be used to establish a deviation from equilibrium.

One would first have to eliminate "the predictable or regular cause of the

scatter, such as the pools and riffles." Despite these warnings, Heede

(1972) concludes that the systematic behavior of hydraulic geometry in one

of his study streams can be "interpreted as an indication that Fool Creek

has attained dynamic equilibrium." Log steps contribute to his perception

of equilibrium by controlling channel slope and hence the velocity-discharge

relationship. This conclusion is clearly not warranted based on the methods

devised by Leopold and Maddock (1953).

If one observes a change in slope of the regression line over a period

of years, the channel has experienced active readjustment. An increase in

slope of the regression line indicates a recent episode of erosion whereas

a decreased slope indicates recent deposition. The hydraulic geometry for

a channel segment can be used to document morphological changes caused by

human activities when measurements are taken before and after the impact.

If no change in slope of the regression lines are observed, one can state

that the stream has adjusted to any perturbations perceived by the hydrol-

ogist. However, when changes ln slope of the regression lines do occur,

one must rely on diagnostic criteria other than the hydraulic geometry to

distinguish management impacts from morphological change inherent in the

stream development.
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Thermodynamic Entropy and Stream Equilibrium

The dissipation of potential stream energy by log steps is a function

which is easily quantified. The significance of this function to stream

equilibrium may be addressed by considering principles thought be operate

in thermodynamic systems. The second law of thermodynamics asserts that a

closed or isolated system evolves toward the most probable state of energy

within itself.
5

This most probable state is a condition of maximum dis-

order, or maximum entropy. For a thermodynamic system, entropy is defined

as: Et = -d-4 , where Q is thermal energy per unit mass and T is absolute

temperature (Yang, 1971b). An analogy may be made between absolute tem-

perature in a heat system and elevation in a stream system, with a second

analogy between thermal energy in a heat system and potential energy in a

stream system. Scheidegger (1964) provides a statistical justification

of the analogies. The entropy of a stream system may now be defined as:

dREs = SR , where R is the average relief in streams.

Langbein and Leopold (1964) use these analogies to apply the second

law of thermodynamics to stream systems. It follows that the most proba-

ble state in stream systems is one of maximum entropy, that is, with equal

distribution of potential energy (relief) expended in the system. How-

ever, in the course of evolution toward the most probable state, systems

(open, closed, or isolated) tend toward maximum entropy at a minimum rate,

5
An isolated system is one in which no transfer of matter occurs a-

cross system boundaries. A closed system is one in which no transfer of
energy or matter occurs across system boundaries. An open system is one
in which both energy and matter are exchanged across system boundaries.
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that is, with minimum total rate of work in the system. It is noteworthy

that the tendency toward equal distribution of potential energy opposes

the tendency toward minimum total rate of work in the system. By dissi-

pating potential energy, log steps decrease the total rate of work along

the channel in favor of an extremely high rate localized at the log step.

This process is opposed by the need to create an energy gradient suffi-

cient for transport of the imposed water and sediment load.

The application of the second law of thermodynamics to stream systems

does not go undisputed. Davy and Davies (1979) argue that the tendency

toward equal distribution of potential energy is not valid for stream

systems since they exchange energy and matter with their surroundings.

Hence, the change in entropy is not necessarily zero or positive meaning

the stream system does not necessarily tend toward a condition of maximum

entropy. Indeed, the variation of potential energy around an equal dis-

tribution in a stream network can increase as log steps are added or re-

moved. To counter this argument, Chorley (1962) simply states that cer-

tain concepts from a closed systems approach help us to understand streams

even though they are best considered as open systems. Davy and Davies

also argue that the tendency toward minimumtotal rate of work is not

valid for stream systems because the conversion of potential energy to

kinetic energy and heat by friction is not a reversible process. Hence,

the total rate of work exp-nded cannot decelerate to a minimum. However,

the present research quite clearly identifies the dissipation of potential

energy by log steps as a process which then decreases the kinetic energy

available for erosion and transport of water and sediment. Kennedy et al.

(1964) reveal several mathematical errors in the original argument by
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Leopold and Langbein (1962). These errors were corrected in later publi-

cations by the same authors. Scheidegger (1970) reviews the contention

that fluvial processes do not act in a probabilistic manner. A basic as-

sumption behind the approach promoted by Langbein and Leopold (1964) is

the existence of an infinite number of factors influencing landform evolu-

tion, each of which acts in a deterministic manner. However, their com-

bined effect will be to act as if at random, largely because of complex

interadjustments (Schumm, 1973, 1977). Scheidegger and Langbein (1966)

reaffirm that:

there is nothing probabilistic about the actual development
of the slope bank. The laws of mechanics determine what
happens to each soil particle. However, we do not know
the exact configuration of a particular slope profile;
we only know its probable configuration within a probable
ensemble of slope profiles.

Langbein and Leopold (1964, 1966) use the tendencies toward equal

distribution of energy expenditure and minimum total work expended to ex-

plain the shape of the longitudinal profile, hydraulic geometry, morpho-

logical response to changing discharge and sediment load in experimental

flumes, and the nature of meandering channel patterns. Scheidegger (1967)

also found that the two tendencies offered an adequate account for meander

systems. Yang (1971a) used the two tendencies to explain the formation

of pools and riffles, a type of internal distortion resistance.

A landmark use of thermodynamic entropy in landscape studies is pre-

sented by Yang (1971b) who uses the concept of energy expenditure to de-

termine the equilibrium condition of a stream network. Yang assumes that

the Strahler stream ordering technique represents the structure of a

stream network. The two tendencies of stream systems are restated as the
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law of average stream fall and the law of least rate of energy expenditure.

The two laws are stated as follows:

The law of average stream fall states that under the dynamic
equilibrium condition the ratio of average fall between any
two different order streams in the same river basin is unity.
The law of least rate of energy expenditure states that during
the evolution toward its equilibrium condition, a natural stream
chooses its course of flow in such a manner that the rate of po-
tential energy expenditure per unit mass of water along this
course is a minimum.

Thus, the equilibrium condition of a stream network can be identified ac-

cording to thermodynamic entropy. The total relief expressed by the stream

network should be evenly divided among streams of each order.

Yang (1971b) describes a composite longitudinal profile for an entire

stream network using the average relief and average length of each stream

order to determine data points. A second profile is then derived based

on the equilibrium condition described by a stream relief ratio of 1.0.

For example, in a fourth order basin with 1000 feet (300 m) of total relief

expressed by the stream network, an average of 250 feet (76 m) of relief

should occur in first, second, third, and fourth order streams. The aver-

age length of each stream order remains unchanged for deriving the equilib-

rium profile. A smooth curve is drawn through each set of data points and

the area under each profile is determined by planimetry. The difference

in area is a quantitative expression of the proximity to equilibrium.

Where the observed network profile lies above the equilibrium profile

degradation is required for the stream profile to attain equilibrium.

Where the observed network profile lies below the equilibrium profile,

aggradation is required for the stream to attain equilibrium. If the

stream relief ratio is less than 1.0, the area under the observed profile
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will be greater than the area under the equilibrium profile, suggesting

future degradation. If the stream relief ratio is greater than 1.0, the

area under the observed profile will be less than the area under the equi-

librium profile, suggesting future aggradation. The suggested trends in

sediment production are means by which the stream network seeks to attain

equal energy expenditure diagnostic of dynamic equilibrium. One may also

sketch the actual longitudinal profile for specific stream segments of

known order to determine their proximity to equilibrium.

A principle shortcoming of Yang's observed network profile is the

reliance on map information to determine stream relief, or the potential

energy per unit mass of water. In a previous discussion, it was shown

that the potential energy of a stream available for conversion to kinetic

energy is reduced by the presence of obstructions causing spill resistance.

Adjusted calculations of potential energy per unit mass of water may be

accomplished through stream surveys. One can measure the total height of

all obstructions causing spill resistance and subtract this figure from

the stream relief measured on maps. The remainder represents the poten-

tial energy available for conversion to the mechanical energy of flowing

water. The longitudinal profile can then be redrawn for those stream

segments with field survey data. The actual profile can be compared to

the equilibrium profile to determine the proximity to equilibrium. To

isolate the effects of log steps in energy dissipation, a stream profile

could first be drawn which incorporates the spill resistance caused by

boulder dams and waterfalls. A second profile could then be drawn which

also accounts for the total height of log steps. Comparisons between

these two profiles and the equilibrium profile will demonstrate the sig-
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nificance to stream equilibrium of energy dissipation by log steps.

If stream loading of large woody debris depends in part on climatic,

geologic, and vegetative factors, perhaps characteristic stream profiles

will exist for contrasting physiographic settings in the Oregon Coast

Range. It is likely that log steps are integral to maintaining dynamic

equilibrium in one physiographic setting but not in another. If the

stream relief ratio is greater than 1.0, energy dissipation by spill resis-

tance is required; more log steps are needed to promote aggradation and

raise the elevation of the observed profile. If the stream relief ratio

is less than 1.0, energy dissipation by spill resistance may hinder down-

cutting as the stream network seeks to attain equal distribution of energy

expenditure. Even in an undisturbed situation, stream networks may com-

monly deviate from equilibrium.

Long-term timber management may have two effects on stream equilib-

rium conditions as described by equal distribution of energy expenditure

and minimum total work expended. With excessive stream loadings of large

woody debris, it is possible that too much energy will be dissipated by

log steps. Progressive aggradation will be the result of a diminished

energy gradient needed to transport a portion of the imposed sediment

load. An excessive amount of sediment stored behind log steps only serves

to increase the hazard of debris torrents. On the other hand, repeated

clearcutting, over-zealous stream clean-out, and debris removal projects

may deprive streams of log steps needed to dissipate energy. Stream

scour and associated impacts to aquatic habitat may then be expected.

Whether inputs of large woody debris are critical or not to stream equi-

librium can be determined by comparing the observed stream profiles with
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the equilibrium profile for the entire stream network. Before management

of log steps and stream adjacent trees can be based on the equilibrium

criteria outlined above, it will be necessary to demonstrate that stream

loadings of large woody debris have reached a steady state. Otherwise,

management activities designed to accelerate log step development may be

undertaken while the biomass of instream large woody debris is increasing

by natural processes.

Science has not devised an experiemnt which disproves the concept of

thermodynamic entropy. Whether streams systems actually evolve toward a

state with uniform distribution of potential energy and minumum total

energy expended cannot, likewise, be verified by the hypothesis testing

typical of normal science. Application of thermodynamic principles to

stream systems provides a conceptual framework for analyzing the effect

of log steps on equilibrium conditions. The framework avoids contradic-

tions of traditional channel equilibrium evaluation techniques and pro-

duces reliable results which can be compared with results in contrasting

spatial/temporal settings.
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III. AREA OF STUDY AND RESEARCH PROCEDURES

Collection and analysis of data is undertaken for 13 forest water-

sheds located within a 16 by 34 mile (26 by 55 km) area of the central

Oregon Coast Range (Figure 1). All study basins lie within the Siuslaw

National Forest aside from scattered private inholdings, including 12

basins in the Waldport Ranger District and one basin (Flynn Creek)- in the

Alsea Ranger District. Topographic maps and aerial photos (1939, 1953,

1962, 1968, 1970, 1972) are available for the study basins to aid mapping

and basic data collection. The 13 study basins provide a variety of

physiographic settings subject to a wide range of impact from silvicul-

tural activities.

GENERAL PHYSIOGRAPHY OF THE STUDY REGION

A principle objective of the present study is to discern the influ-

ence of geology (lithology and structure), climate, and vegetation on

stream loadings of large woody debris and the development of log steps.

Several physiographic factors can be generalized for the entire study re-

gion as well as a brief history of silviculture in the region.

Geology

The central Oregon Coast Range is underlain by "moderately folded

marine tuffaceous sandstones and shales together with basaltic volcanic

rocks and related intrusives" (Rosenfeld, 1979). The study region has

also been subject to an uplift of 1,000 to 2,000 feet (300 to 600 m) and

persistent stream erosion which combine to account for the moderately to
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highly dissected topography. The highest peaks are Table Mountain at

2,804 feet (855 m) and Cummins Peak at 2,475 feet (755 m) above mean sea

level. In addition to the parallel drainages of coastal streams, the

study region is drained by the predominantly dendritic patterns of Beaver

Creek, Drift Creek, Alsea River, and Yachats River, with occassional me-

anders in the latter three (Schlicker et al., 1973; Schlicker and Deacon,

1974). The coastal margin includes resistant igneous headlands (at Cape

Perpetua and Heceta Head) which alternate with abandoned marine terraces

and coastal sand areas. The surface geology is predominantly sedimentary

in seven study basins (basins 1-6, 8) and predominantly igneous in six

study basins (basins 7, 9-13). To be more specific, the study basins are

underlain by six geologic units, including the Flournoy Formation, Nestuc-

ca Formation, Yachats Basalt, intrusive outcrops of nepheline syenite, the

Alsea Formation, and marine terrace deposits.

The most widepread and oldest geologic unit in the study region is

the Flournoy Formation of middle Eocene age, previously known by the name

Tyee. The Tyee Formation now applies only to somewhat similar strata in

the southern Oregon Coast Range (Baldwin, 1976). The Flournoy Formation

is characterized by massive sandstone beds with thin interbeds of silt-

stone. The well-indurated sandstone beds and history of regional uplift

lead to a cuestaform topography, with gentle slopes in the direction of

regional dip bounded by abrupt scarp slopes. Schlicker et al. (1973)

note that the Flournoy Formation weathers to silty and sandy soils of

little depth on steep slopes. Debris avalanches are a common occurence

on the steep scarp slopes, taking the form of rockfalls where the sand-

stone beds are highly fractured. Earthflow and creep are observed on dip
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slopes which typically generate residuum of greater depth than found on

scarp slopes. Colluvium of considerable depth is found on moderately

steep slopes and is often susceptible to deep-seated slumps.

A limited outcrop of the Nestucca Formation occurs in the Stump

Creek watershed. Of late Eocene age, the Nestucca Formation includes

marine tuffaceous shale, siltstone, sandstone, and interbedded volcanic

material (Baldwin, 1976). Weathering produces fine-grained soils subject

to shrink and swell judged moderately stable but with occassional small

slumps and associated debris torrents (Schlicker and Deacon, 1974).

The Yachats Basalt lies over the Nestucca Formation but is also of

late Eocene age, comprising the principal geologic unit of six study ba-

sins. Schlicker et al. (1973) describe the Yachats Basalt as "a hetero-

geneous assemblage of subaerial and submarine volcaniclastic rocks and

flows." Thin residual soils on the typically steep slopes are subject

to debris avalanches and torrents. Thick colluvial soils develop on less

steep slopes but are widely found at or near the maximum angle of repose,

resulting in a high potential for sliding (Schlicker and Deacon, 1974).

Dikes, small stacks, and sills of nepheline syenite outcrop in the

Big Creek--Lincoln County watershed. Granular soils derived from moder-

ately to highly fractured syenite are judged stable with little evidence

of mass wasting.

The Alsea Formation also outcrops in the Big Creek--Lincoln County

watershed. Baldwin (1976) describes the Alsea Formation as a "massive

to thick-bedded, tuffaceous siltstone and sandstone." Silty and sandy

soils develop from the highly fractured parent rock with little evidence

of mass wasting.
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Marine terrace deposits lie on wave-cut benches of considerable

extent in the Big Creek--Lincoln County watershed and to a lesser extent

in other coastal study basins. These deposits are composed of weakly

cemented beds of silt, sand, gravel, and organic material which exhibit

little to no topographic relief (Schlicker et al., 1974).

Extensive faulting is present in all geologic units with the excep-

tion of marine terrace deposits. A reproduction of NASA side-looking

airborne imagery by Schlicker et al. (1974) illustrates a number of photo

lineations. Faulting appears to account for the alignment of Cummins

Creek and Little Cummins Creek (basin #9), Bob Creek (basin #10), upper

Rock Creek (basin #11) and Cape Creek--Lane County (basin #13). Big

Creek - -Lane County (basin #12) is oriented by the strike of the Yachats

Basalt at 10° to 20° to the southwest. On the other hand, the West and

East Fork of Scott Creek flow opposite to the strike of the Flournoy

Formation, creating frequent low falls over well-indurated sandstone beds.

Climate

The climate of the study region is characterized as moist, marine,

temperate, with annual precipitation ranging from 60 to 100 inches (150

to 250 cm) almost entirely in the form of rain. Approximately 80 percent

of the annual precipitation occurs between October and March from storms

of several days duration and moderate intensity (Schlicker and Deacon, 1974;

Schlicker et al., 1973). Patton et al. (1976) note that

the strong contrast between winter rain and summer drought is
directly related to the alternate presence of unstable winter
air masses [with gusty winds out of the southwest] and very
stable summer air masses [with gentle winds out of the north-
west] over the Pacific Ocean.
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The long duration storms during winter months are considered respon-

sible for triggering most mass wasting activity in the central Oregon

Coast Range. Following a major storm in November, 1975, a field inventory

just south of the study region identified 245 mass wasting sites. Seventy-

five percent of the mass wasting events originated in clearcuts (Gresswell

et al., 1979).

Vegetation

Coniferous forest cover dominates vegetation of the study region.

The Sitka spruce (Picea sitchensis) zone is confined to a narrow strip

along the coast roughly corresponding to the coastal fog belt. Western

red cedar (Thuja plicata) is found in "swampy habitats" of the Sitka

spruce zone. The western hemlock (Tsuga heterophylla) zone prevails over

the majority of the central Oregon Coast Range, although the dominant

species is often the Douglas fir (Pseudotsuga menziesii), especially in

drier locations. Western red cedar is present in moist sites of the

western hemlock zone. Red alder (Alnus rubra) occurs in riparian situa-

tions (Frenkel, 1979). Old-growth coniferous stands in both vegetation

zones commonly include trees with a 40 inch (100 cm) diameter at breast

height.

The vegetation of the Sitka spruce and western hemlock zones has been

heavily altered by fires and timber harvest. Juday (1977) presents a map

illustrating the extent of the Yaquina Fire in 1868. Vegetation in all

study basins of the present study was apparently denuded by this fire,

with the exception of small pockets of old-growth near the mouth of Cum-

mins Creek and Rock Creek. A second fire, beginning in fall of 1936,
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largely denuded partially stocked stands of timber in the Big Creek--

Lincoln County watershed. Clearcutting is the predominant method of tim-

ber harvest in the central Oregon Coast Range. Logging in the study re-

gion was initiated during World War I when the demand for aircraft lumber

focused attention on Sitka spruce stands. A railroad was constructed

south from Newport to Big Creek--Lincoln County for transport of logs

harvested throughout the 1920s (U.S. Forest Service, 1944). Logging ac-

tivity began on a large scale during the 1940s, triggered again by a war-

time market for wood products. At present, the percent area clearcut in

the study basins ranges from one percent in the Rock Creek watershed to

61 percent in the Big Creek--Lincoln County watershed.

In sites of the Sitka spruce zone disturbed by fire or logging, red

alder is readily established. Red alder and bigleaf maple (Acer macro-

phyllum) are found in most disturbed sites of the western hemlock zone

(Frenkel, 1979). Red alder and bigleaf maple rarely acheive the size

common to old-growth coniferous stands. As these species and plantation

trees replace larger trees lost by harvest of old-growth stands, full de-

velopment of log steps may be retarded in the study streams as suggested

by Likens and Bilby, (1979).

RESEARCH PROCEDURES

The research procedures involve techniques of data collection and

analysis. The former include cartographic and morphometric tecniques as

well as field survey methods. The latter include methods for calculating

the proximity to equilibrium of stream systems, assessment of sediment
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storage by log steps, and derivation of landtypes. Statistical methods

are described where appropriate for each procedure listed above.

Cartographic and Morphometric Techniques

Maps of stream network were first drafted for each study basin using

base maps at a scale of 1:15,840, or 4 inches = 1 mile (6.2 cm = 1 km).

Plan view maps of each basin were then photoreduced 50 percent to a scale

of 1:31,680, or 2 inches = 1 mile (3.1 cm = 1 km). The stream net-,

work is delineated according to the crenulation (or bend) of contours.

Streams are drawn through the bend of contours pointing upstream until a

critical angle of bend is reached. Defining this critical angle is dif-

ficult and necessarily imparts some subjectivity to stream mapping.

However, researchers generally agree that mapping stream networks by the

contour crenulation method is less arbitrary than using U.S. Geological

Survey blue lines on topographic maps or using aerial photos (Gregory,

1966; Morisawa, 1957). Several guidelines serve to reduce cartographic

bias (Marston, 1978):

1) extend streams up to, but not beyond, the contour with a definite

bend, indicating an incised channel as opposed to a general de-

pression in the landscape;

2) do not draw any first order streams unless they touch at least

two contours with bends as described above;

3) use identical map scale for reliable comparisons between basins;

4) use maps with similar contour intervals; and

5) do not sketch any disconnected channels since it is not clear
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how they are to be integrated into stream network measurements

involving stream order.

Stream order for each segment is shown by line width.

Forty-two basin and stream network morphometric variables are meas-

ured for each of the study basins using the sonic digitizer owned by the

Department of Geography at Oregon State University. The derivation,

units, and reference for each variable are tabulated in alphabetical

order (Table 1). These 42 variables are selected , because they are

most likely to reflect physiographic differences between basins of the

Oregon Coast Range. The use of morphometric variables is predicated on

the notion that basin and stream network morphology have adjusted over

geologic time to physiographic factors. Morphometric measurements there-

fore reflect the magnitude and frequency of past hydrologic and erosional

processes. Measurements of stream relief are of special importance be-

cause relief is proportional to the potential energy of a stream segment.

The boundaries of clearcut units are mapped using U.S. Forest Service

district plantation maps which are checked using aerial photos and field

maps. Dates of harvest are given for each unit to an accuracy of ± one

to two years.

Field Survey Methods

Field data is accumulated for a total of 102 miles (164 km) of streams

surveyed in the 13 study basins. Field surveys covered 100 percent of all

fifth order streams (22.0 miles), 96 percent of all fourth order streams

(36.5 miles) , 32 percent of all third order streams (37.9 miles), 1.5



Table 1. Derivation, units, and references for morphometric variables measured in study basins.

SYMBOL VARIABLE DERIVATION UNITS REFERENCE

A Area Direct measure Mi .2 Horton, 1945
B Bifurcation Ratio Antilog of slope of regres-

sion of U vs log TN(U)a Strahler, 1957
BL Basin Length Direct measure of line from

basin mouth to point on
basin perimeter athead-
wall of mainstream

Mi. Wisler and Brater,
1949

BR Basin Relief Direct measure of relief
along BL

Schumm, 1956

BW Basin Width BW = A/BL Mi. Wisler and Brater,
1949

CC Compactness Coefficient CC = P/circumfrance of
circle with same A
as basin

Wisler and Brater,
1949

CC = P/[2(3.14 x A)1/2]
DD Drainage Density DD = TLS/A Mi./Mi.

2
Horton, 1945

HI Hypsometric Integral Area under curve described
by relative area vs rela-
tive relief bounded by
successive contours

Strahler, 1952

ML1 Mean Length 1st Order Streams ML1 = TL1/TN1 Mi. Strahler, 1957
ML2 Mean Length 2nd Order Streams ML2 = TL2/TN2 Mi. Strahler, 1957
ML3 Mean Length 3rd Order Streams ML3 = TL3/TN3 Mi. Strahler, 1957
ML4 Mean Length 4th Order Streams ML4 = TL4/TN4 Mi. Strahler, 1957
ML5 Mean Length 5th Order Streams ML5 = TL5/TN5L Mi. Strahler, 1957
MR1 Mean Relief 1st Order Streams MR1 = TR1/TN1° Ft. Strahler, 1957
MR2 Mean Relief 2nd Order Streams MR2 = TR2/TN2 Ft. Strahler, 1957
MR3 Mean Relief 3rd Order Streams MR3 = TR3/TN3 Ft. Strahler, 1957
MR4 Mean Relief 4th Order Streams MR4 = TR4/TN4 Ft. Strahler, 1957
MR5 Mean Relief 5th Order Streams MR5 = TR5/TN5 Ft. Strahler, 1957



Table 1 (cont.).

SYMBOL VARIABLE DERIVATION UNITS REFERENCE

MS1 Mean Slope 1st Order Streams MS1 = MR1/ML1 Strahler, 1957

MS2
MS3

Mean Slope 2nd Order Streams
Mean Slope 3rd Order Streams

MS2 = MR2/ML2
MS3 = MR3/ML3 0/

,o

Strahler, 1957
Strahler, 1957

MS4 Mean Slope 4th Order Streams MS4 = MR4/ML4 0/0/ Strahler, 1957

MS5 Mean Slope 5th Order Streams MS5 = MR5/ML5 Strahler, 1957

P Perimeter Direct measure Mi. Smith, 1950

RR Relief Ratio RR = BR/(5280 x BL)
2

Schumm, 1956

SF Stream Frequency SF = TNS/A No./Mi. Strahler, 1957

SLR Stream Length Ratio Antilog of slope of regres-
sion of U vs log ML(U)

Strahler, 1957

SRR Stream Relief Ratio Antilog of slope of regres-
sion of U vs log MR(U)

Strahler, 1957

SSR Stream Slope Ratio Antilog of slope of regres-
sion of U vs log MS(U)

Strahler, 1957

TL1 Total Length 1st Order Streams Direct measure Mi Strahler, 1957

TL2 Total Length 2nd Order Streams Direct measure Mi Strahler, 1957

TL3 Total Length 3rd Order Streams Direct measure Mi Strahier, 1957

TL4 Total Length 4th Order Streams Direct measure Mi Strahier, 1957

TL5 Total Length 5th Order Streams Direct measure Mi Strahler, 1957

TLS Total Length of All Streams TLS = TL1+TL2+TL3+TL4+TL5 Mi. Strahler, 1957

TN1 Total Number 1st Order Streams Direct count No. Strahler, 1957

TN2 Total Number 2nd Order Streams Direct count No. Strahler, 1957

TN3 Total Number 3rd Order Streams Direct count No. Strahler, 1957

TN4 Total Number 4th Order Streams Direct count No. Strahler, 1957

TN5 Total Number 5th Order Streams Direct count No. Strahier, 1957

TNS Total Number of Streams TNS = TN1+TN2+TN3+TN4+TN5 No. Strahler, 1957

TRS Total Relief of Streams TRS = (TN1)(MR1)+...+(TN5)(MR5)Mi. Strahler, 1957

a
U = stream order as defined by Strahler (1957).
bTR = total stream relief for all streams of order U; TR measurements not given in subsequent tables.
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percent of all second order streams (3.76 miles), and 0.05 percent of all

first order streams (1.35 miles). The lack of data for second and first

order streams is regretable but necessary in light of safety considera-

tions, access, and problems with sampling design. An impractical number

of first order streams would have to be surveyed from the total of 2,102

first order streams in the 13 study basins to insure a representative

sample with some tolerable margin of error. The adequacy of sampling

size is not discussed in the literature cited regarding log steps.

Consistent methods of data collection were facilitated by walking

upstream in the channel or along adjacent banks. Data for all study

streams were collected by the author during low flow conditions from June

through October in 1978 and 1979. Qualitative observations are reported

for each stream system surveyed. In addition, aerial reconnaissance of

all 13 study basins aided general description and mapping of geomorphic

features. Quantitative data were recorded for each of the following:

1) the height of all obstructions causing the dissipation of

potential energy, including log steps, boulder and bedrock falls,

and structural features (fish ladders, dams, and culverts); the

height is given to the nearest foot (0.3 m) measured by the

change in water surface elevation as water spills over the

obstructions;

2) the probable cause of all obstructions will be noted where judg-

ment avoids ambiguity (Table 2);

3) the volume of woody material and the volume of sediment in log

steps is estimated to two significant digits; the volume of sedi-

ment is calculated by taking the product of length, width, and



Table 2. General field evidence used to judge cause of log steps in study basins.

CAUSEa EVIDENCE

N - Treefall (Windfall or Bank Undercutting) Roots intact; cavity in channel bank; usually one
tree isolated from other log jams

N - Flotation

N - Debris Torrent

N - Bankslip/Slump

N - Debris Avalanche

N - Drift Logs

H - Debris Torrent

H - Logging Debris

Woody debris has matted appearence on upstream side
of log jam; log jam positioned on point bar or mid-
channel bar

Deposit of woody material and sediment at or just
below mouth of tributary which has been scoured; no
cut ends on logs

Cavity in channel bank or hillslope with headwall

Log jam with loose structure; slide scar or adjacent
hillslope

Only located near mouth of coastal streams where
subject to storm surges; wave-battered logs

Deposit of woody material and sediment at or just
below mouth of tributary which has been scoured; cut
ends on logs; clearcut or road crossing at head of
scour path

Organized stack of logs "cold-decked" in or adjacent
to stream and clearcut unit; cut ends on logs felled
in stream with streamside stumps

H - Buffer Blowdown Roots intact; cavity in channel banks or lower hill-
slope; clearcut unit above buffer strip

a
N = natural; H = human influence (e.g. silviculture, roads).
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one-half of the depth of the sediment plain measured at the

downstream end; the factor of 0.5 accounts for the wedge shape

of the sediment plain;

4) the location of debris torrents; and

5) the width of the floodplain, taken at intervals of one-half mile

(0.8 km).

Methods for Calculating Proximity to Equilibrium of Stream Systems

Without Accounting for Falls and Log Steps

The proximity to equilibrium of stream networks without accounting

for the effects of falls or log steps is determined by the following

steps. First, calculate the mean relief for streams of each order using

morphometric data derived from maps. Second, calculate the equilibrium

relief for streams of each order by taking the sum of mean relief values

and dividing by the highest stream order in the network. Recall that the

law of average stream fall derived by Yang (1971b) defines equilibrium

as a condition where relief (potential energy) exhibits an uniform distri-

bution among streams of different orders. Third, the proximity to equi-

librium is calculated by using the formula for the X
2

(chi-square test):

X2 -2(0 E)

2

where 0 = observed mean relief for streams of each order and E = equilib-

rium (or "expected") relief for streams of each order. The X
2

test is

applicable for this calculation because relief can be considered as a

frequency value of the number of feet in a stream segment. Other require-
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ments for use of the X
2

test are (Hammond and McCullagh, 1977):

1) the total numbers observed [total relief in the stream
network] must exceed 20;

2) the expected frequency [equilibrium relief] in any one
fraction must not normally be less than five; and

3) the observations must be independent.

To test whether the 13 stream networks are significantly close to

equilibrium, the calculated X
2
value can be compared to a critical value

for X2 using the 0.05 level of confidence with U-1 degrees of freedom

(U = highest stream order in network). The 0.05 level of confidence is

chosen as a compromise for avoiding a type I error (rejecting the conclu-

sion that equilibrium conditions exist when they really do) and a type

II error (not rejecting the conclusion that equilibrium conditions exist

when they really do not). The highest stream order is either five, four,

or three in the 13 study basins. The corresponding degrees of freedom

are four, three, and two, with critical X
2

values of 9.49, 7.82, and 5.99,

respectively. A calculated X
2

value less than the appropriate critical

value above means that there is more than five percent probability that

equilibrium conditions exist. A calculated X
2

value greater than the

critical X
2
value indicates that there is less than five percent probabil-

ity that equilibrium conditions exist.

Accounting for Potential Energy Dissipation by Falls

The procedure outline above assumes that all stream relief measured

on maps is available for conversion to kinetic energy for erosion and

transport of water and sediment. However, boulder and bedrock waterfalls

dissipate a portion of the potential energy otherwise available for this
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conversion. To separate the effect of falls from that of log steps, a

second set of calculations is necessary. First, the observed mean relief

for streams of each order (from morphometric data) is decreased by a frac-

tion equal to the percent of relief dissipated by falls. This adjustment

is made only for streams of each order surveyed. Second, the adjusted

equilibrium relief is calculated for streams of each order by taking the

sum of mean relief values after the adjustment for falls and dividing

again by the highest stream order. If falls are present in the surveyed

portion of the stream network, the adjusted equilibrium relief will neces-

sarily be less than calculated using only map data. Third, the proximity

to equilibrium is calculated using the formula for the X
2

test described

above and the test of significance is conducted in the same manner. A

decrease in the calculated X
2

value after accounting for falls indicates

they are located in the stream network where needed to dissipate potential

stream energy.

Accounting for Potential Energy Dissipation by Falls and Log Steps

A third set of calculations is necessary to account for the effect

of log steps on the distribution of potential energy and equilibrium con-

ditions. First, the observed mean relief for streams of each order (from

morphometric data) is decreased by a fraction equal to the percent of

relief dissipated by falls and log steps. Again, the adjustment is made

only for streams of each order surveyed. Second, the actual equilibrium

relief is calculated for streams of each order by taking the sum of mean

relief values after adjusting for falls and log steps and dividing by the

highest stream order. If log steps are present in surveyed portions of
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the stream network, the actual equilibrium relief will be less than cal,

culated after adjusting for falls alone. Third, calculations of the

proximity to equilibrium and tests of significance are conducted as de.

scribed earlier. A decrease in the calculated X
2

value after accounting

for falls and log steps compared to previously calculated X
2

values in-

dicates log steps are located in the stream network where needed to dis-

sipate potential stream energy.

A potential arises for misleading results from X
2
calculations by not

adjusting for falls and log steps in unsurveyed portions of the stream

network. An alternative approach would be to assume a percent reduction

in potential stream energy consistent with figures reported in the liter-

ature. This assumption cannot be justified based on the low number of

study streams used in past studies of log steps. Despite this shortcom-

ing, adjustments for falls and log steps in surveyed streams still serve

to demonstrate a trend toward or away from equal distribution of relief

in streams of each order.

One final adjustment of X2 values must be undertaken before compar-

ing equilibrium conditions among the 13 study basins. The X
2

value must

be divided by the highest stream order in the basin to account for the

(0

E

E)2
number of values. Otherwise, a fifth order basin would artifi-

cially appear to have a greater deviation from equilibrium than a fourth

order basin only because more streams were involved in the X
2

calculation.

To determine whether falls and/or log steps cause a statistically signifi-

cant difference in the proximity to equilibrium of stream networks, the

Wilcoxon test for paired samples is used. Because the Wilcoxon test is a

non-parametric test, one does not have to make the assumptions or perform
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the cumbersome calculations of the t-test for paired samples. Moreover,

the Wilcoxon test has a power efficiency of 95 percent (Hammond and

McCullagh, 1977). Each study basin will have three X2/U values: from

map data only, after adjusting for falls, and after adjusting for falls

and log steps. To judge the significance of log steps, for instance, the

X
2
/U values after adjusting for falls (A) are paired with the X

2
/U values

after adjusting for falls and log steps (B). Hammond and McCullagh de-

scribe the test procedures in a step-by-step fashion:

1) find IA - BI, the numerical difference between matched pairs,
irrespective of whether A is more or less than B; drop from
the sample any pairs where IA - B1 = 0;

2) rank the values of IA - BI with the smallest value ranked 1;
where values tie, assign average rank to each value;

3) put ranks into two columns:
R1 - those for pairs where A exceeds B;
R2 those for pairs where B exceeds A;

4) add columns R1 and R2; whichever total is the smaller,
call T.

With 13 study basins (i.e. 13 paired samples), the critical value of T

at the 0.05 level of significance is 17; the calculated value of T must

be less than the critical value of T for differences in samples to be

judged significant. To judge the combined significance of falls and log

steps, the X
2
/U values using map data only are paired with the X

2
/U values

after adjusting for falls and log steps and the Wilcoxon test is repeated

as outlined above.

Assessment of Sediment Storage by Log Steps

The total volume of sediment stored by log steps is tabulated for streams

of each order surveyed in the 13 study basins. The assumption is made

that the volume of sediment stored by log steps in surveyed streams of
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each order is representative of sediment stored by log steps in unsur-

veyed streams of the same order. This assumption follows, in part, from

the observation that channel capacity varies by stream order. The sedi-

ment stored by log steps per mile of stream surveyed is then multiplied by

the total stream miles in the basin with separate calculations for third,

fourth, and fifth order streams. A sum of the subtotals for each stream

order provides an estimate of the total volume of sediment stored by log

steps in third, fourth, and fifth order streams. An identical procedure

is used to estimate the total volume of wood in log steps of all third,

fourth, and fifth order streams.

To compare the volume of sediment stored by log steps to the mean

annual sediment yield, an estimate of the latter is needed. Maxwell and

Marston (1980) derive a morphometric index of sediment yield using data

from five experimental watersheds in mountain regions of western Oregon.

Mean annual sediment yield correlates with an erosion factor defined by

DD x B x SRR x TRS/P, significant at the 0.01 level (Figure 2). Equally im-

portant to the statistical validity of the relationship is the physically

sound basis for correlating mean annual sediment yield with drainage den-

sity (DD), bifurcation ratio (B), stream relief ratio (SRR), total relief

of streams (TRS), and basin perimeter (P). Drainage density reflects the

intensity of channel incision, that is, area subject to stream erosion;

combining bifurcation ratio, stream relief ratio, and total stream relief

accounts for the distribution and amount of potential energy in the stream

network; and basin perimeter normalizes the measure according to basin

size. The erosion factor is calculated for each study basin to give an

index of sediment yield in tons per square mile per year which is then
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at the 0.01 level.
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converted to cubic feet per year assuming a specific weight of 100

lbs./ft.
3

(1600 kg/m
3

) for sediment deposits. 6
The sediment yield index

is expressed as a percent of the sediment stored by log steps in third,

fourth, and fifth order streams. Sediment stored in first and second

order streams may not be extrapolated from figures measured in larger

streams because of differences in channel capacity and the lack of field

data for the smaller streams.

Derivation of Landtyoes

Geomorphic landtypes are derived as a means for displaying spatial

patterns that may exist regarding physiographic controls on the develop-

ment of log steps. Of particular relevance to the classification scheme

are landscape features which are said to influence stream loadings of

large woody debris. For example, debris torrents may occur on a more

frequent basis in certain terrain types. A landtype which generates

greater storm peak flows may increase the effect of flotation on log step

development.

The criteria for defining landtypes are two-fold. First, the study

basins are divided into two groups, sedimentary or igneous, depending on

the predominant lithology. This division is predicated on differences in

channel and hillslope morphology observed by the author in the field and

reported in the literature. Second, cluster analysis is performed with

6
The California Division of Water Resources lists the specific weight

of 92-98 lbs./ft.3 (1470-1570 kg/m3) for silt-sand size particles and 103-
104 lbs./ft.3 (1650-2240 kg/m3) for gravel-cobble size particles (Vanoni,
1975).
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each group using seven factors selected because they reflect hydrologic

and erosional processes, floodplain morphology, and flushing capacity of

stream channels:

1) morphometric index of mean annual runoff, DD
cc x 2.18 (DD = drain-

age density, CC = compactness coefficient);

2) morphometric index of mean annual base flow, B x SRR
RR x CC x

0.198

(B = bifurcation ratio, SRR = stream relief, RR = relief ratio);

3) morphometric index of mean annual peak flow, SF x 0.379 (SF =

stream frequency);

4) morphometric index of mean annual sediment yield,

DD x B x SRR x TRS/P x 0.417 (IRS = total relief of streams,

P = basin perimeter);

5) mean slope of first order streams, MS1 x 0.310;

6) mean slope of second order streams, MS2 x 0.532;

7) mean slope of third order streams, MS3 x 1.15.

The constant listed for each factor above standardize the mean of each

factor to 10.0, thereby avoiding the situation where one factor "over-

powers" the others because it has a larger value (Ebisemuu, 1979). The

first four factors are morphometric indices derived in the study by Max-

well and Marston (1980) discussed earlier. Each index represents an area-

yield estimate (e.g. inches, csm, tons/mi.2). The morphometric index of

mean annual runoff is a reflection that greater channel incision reduces

groundwater storage. The morphometric index of mean annual base flow is

a reflection that basin steepness and greater potential stream energy in

the headwater region of the stream network contribute to a more efficient

removal of surface and groundwater. The morphometric index of mean annual
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peak flow also reflects the influence of channel incision on efficient

removal of storm precipitation from the basin. The morphometric index

of mean annual sediment yield is discussed earlier. The mean slope

values for first, second, and third order streams are selected because

of the direct correlation between channel slope and valleyside slope

established in the literature (e.g. Strahler, 1950). Steep valleyside

slopes are expected to accelerate stream inputs of large woody debris

by increasing treefall, buffer blowdown, and mass wasting. At the same

time, steeper channel slopes imply a greater flushing capacity.

Cluster analysis of the seven factors uses the distance-minimizing

technique described by Abler et al. (1971). A dendrogram is prepared to

illustrate groupings of study basins according to calculated similarity

values. Basins are combined until clustered into one group. Based on

morphological differences observed in the field, a judgment is made

regarding the number of basin groups desired.

To determine whether statistically significant differences exist

between landtypes, use is made of either the Mann-Whitney test or the

Kruskal-Wallis test. The former is used when data comparisons are made

between two landtypes with unpaired data, with a power efficiency of 95

percent. The latter is used when data comparisons are made between three

or more landtypes with unpaired data and has 95.5 percent of the power of

the Student's 't'-test (Hammond and McCullagh, 1977). Both tests utilize

ordinal measurements to avoid the assumptions and lengthy calculations of

parametric tests. The Mann-Whitney test begins by ranking observations

among the 13 study basins and labeling each A or B depending on the land-

type for the particular basin. The values are listed in order by rank
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after which one inspects each B rank and counts the number of As which

precede it. This derived value is termed M which must be less than a

critical M value for differences between the two lantypes to be judged

significant. Critical values of M depend on the number of observations

for each landtype (Appendix II).

The Kruskal-Wallis test is ideal for analyzing differences between

three or more landtypes, each with a low number of basins. Values for

the 13 basins are ranked and the following test statistic is calculated:

H =
12

1)

.si.(I 2

N(N +
R)

where R = sum of ranks in each landtype; n = number of basins in each

landtype; N = total number of basins (13); and k = number of landtypes.

Using the 0.05 level of significance, the critical value of H with three

landtypes (2 degrees of freedom) is 5.99; with four landtypes (3 degrees

of freedom) the critical value of H is 7.82; and with five landtypes

(4 degrees of freedom) the critical value of H is 9.49. The calculated

value of H must equal or exceed the critical value before observed dif-

ferences between landtypes can be judged significant. Differences between

third, fourth, and fifth order streams are also tested for significance

using the Kruskal-Wallis test.
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IV. BASIN-BY-BASIN DISCUSSION OF RESULTS

Morphometric measurements contribute to a physical description of

forest watersheds, with values tabulated for each of the study basins

(Table 3). That stream networks do indeed develop toward a condition with

equal distribution of relief among streams of different order can be ap-

preciated in an empirical sense by examination of the tabular data (com-

pare MR1, MR2, MR3, MR4, MR5) and an Hortonian analysis of the morphome-

tric data (Appendix III). Although the previous physiographic description

of the study region generally applies to all study basins, the distribu-

tion and importance of log steps also vary according to channel and hill-

slope morphology and human factors on a site specific basis.

NORTH FORK BEAVER CREEK

North Fork Beaver Creek becomes a fifth order stream before joining

Beaver Creek at river mile (RM) 6.50 (10.5 km) upstream of the Pacific

Ocean. The entire watershed area of 11.9 square miles (30.8 km2) is

underlain by the Flournoy Formation (Figure 1). Considering morphometric

factors used to derive landtypes, the index of mean annual runoff for the

North Fork Beaver Creek watershed (4.28) ranks eighth highest; the index

of mean annual base flow (53.3) ranks fifth; the index of mean annual

peak flow (26.3) ranks sixth and the index of mean annual sediment yield

(17,9) ranks lowest among the 13 study basins. Field survey data are

reported for a total of 11.6 miles (18.7 km) of the mainstream, Peterson

Creek, Lewis Creek, and tributary A (Figure 3). Clearcutting has removed

21.5 percent of timber stands generated in the watershed since the



Table 3. Morphometric measurements for the study basins.a
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p Mi. 17.5 6.85 10.8 14.4 15.8 13.4 7.14 8.30 15.3 13.9 12.7 20.0 16.2 172 (t
BL Mi. 6.21 1.98 4.06 3.13 5.08 4.11 2.96 2.73 5.73 6.03 5.34 7.55 8.08 4.85 (m
BW Mi. 1.92 1.21 1.23 3.77 2.62 2.00 .628 1.58 1.66 1.02 1.17 2.01 1.52 1.72 (m)
BR Mi. 1460 1160 1220 2060 1310 1600 1840 1660 2250 2400 2080 2250 1440 1750 (m)
RR .045 .11 .057 .13 .049 .074 .12 .12 .074 .075 .074 .056 .034 .078 (m)
CC 1.43 1.25 1.36 1.18 1.22 1.32 1.48 1.13 1.40 1.58 1.43 1.45 1.30 1.35 (m)
HI 0.36 0.49 0.43 0.50 0.40 0.30 0.43 0.36 0.42 0.42 0.42 0.38 0.43 0.41 (m)
TN1 No. 246 80 115 223 317 110 34 89 169 108 168 217 226 2102 (t)
TN2 No. 53 17 22 55 77 22 8 21 39 26 41 52 49 472 (t)
TN3 No. 11 3 7 13 18 6 1 5 10 2 9 10 7 102 (t)
TN4 No. 2 1 1 2 5 2 0 2 1 1 1 2 3 23 (t)
TN5 No. 1 0 0 1 1 1 0 1 0 0 0 1 1 7 (t)
TNS No.

--
2

313
3.12

101

4.43
145

4.66
294

4.11

418
4.14

141

3.25
43

5.83
118

3.10
219

5.34
137

5.26
219

5.41

282

4.06
286

3.91
2706 (t)
4.36 (m)

SF No./Mi. 26.3 42.3 29.1 24.9 31.4 17.1 23.1 27.4 23.0 22.2 34.9 18.6 23.3 26.4 (m)
TL1 Mi. 42.8 11.7 18.9 43.8 48.9 25.4 6.79 15.6 31.0 21.7 25.5 49.5 44.7 386 (t)
TL2 Mi. 14.6 3.56 6.60 16.0 15.7 8.37 1.89 4.03 12.6 7.59 9.78 18.8 16.8 136 (t)
TL3 Mi. 7.97 1.98 3.69 6.31 9.63 6.97 1.94 3.63 6.31 4.40 2.97 6.38 6.78 69.0 (t)
TL4 Mi. 2.77 1.45 2.64 5.92 5.18 2.00 -- .970 5.14 1.73 4.84 1.19 2.75 36.5 (t)
TL5 Mi. 4.71 -- 1.05 4.49 .630 -- .880 -- 6.31 3.91 22.0 (t)
TLS
DD

Mi.
2

Mi./Mi.
72.9
6.13

18.7
7.82

31.8
6.37

73.1

6.19
83.9
6.35

43.4
5.27

10.6
5.70

25.1

5.84
55.1

5.79
35.4
5.74

43.1

6.87
82.2
5.41

74.9
6.09

65G (t)
6.12 (m)

ML1 Mi. .174 .146 .163 .196 .154 .231 .200 .175 .183 .201 .152 .228 .198 .183 (m)
ML2 Mi. .275 .209 .300 .291 .204 .380 .236 .192 .323 .292 .239 .362 .343 .283 (m) C)1
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SYMBOL UNITS 1 2 3 4 5 6 7 8 9 10 11 12 13

ML3 Mi. .725 .660 .527 .485 .535 1.16 1.94 .726 .631 2.20 .330 .638 .969 .676 (m)
ML4 Mi. 1.38 1.45 2.64 2.96 1.13 1.00 -- .485 5.14 1.73 4.84 .595 .917 1.61 (m)
ML5 Mi. 4.71 -- -- 1.05 4.49 .630 -- .880 -- -- 6.31 3.91 3.41 (m)
SLR -- .412 .446 .411 .567 .429 .744 .322 .663 .354 .430 .344 .559 .505 .476 (m)
MR1 Ft. 260 190 250 310 250 220 420 290 380 440 340 390 360 310 (m)
MR2 Ft. 220 130 240 380 210 180 240 180 420 400 330 370 310 290 (m)
MR3 Ft. 230 100 230 430 220 260 540 260 420 720 340 300 350 310 (m)
MR4 Ft. 300 90 220 630 260 90 -- 110 520 220 820 100 190 270 (m)
MR5 Ft. 140 -- -- 120 290 30 -- 100 -- -- 410 300 200 (m)
SRR -- 1.10 1.28 1.04 1.14 .952 1.60 .885 1.30 .935 1.16 .763 1.13 1.09 1.11 (m)
MS1 % 28 25 29 30 31 18 40 31 39 41 42 32 34 32 (m)
MS2 15 12 15 25 19 9.0 19 18 25 26 26 19 17 20 (m)
MS3 % 6.0 2.9 8.3 17 7.8 4.2 5.3 6.8 13 6.2 20 8.9 6.8 10 (m)
MS4 4.1 1.2 1.6 4.4 4.4 1.7 -- 4.3 1.9 2.4 3.2 3.2 3.9 3.5 (m)
MS5 % .056 -- -- 2.2 1.2 .90 -- 2.2 -- -- 1.2 1.5 1.4 (m)
SSR -- 2.49 2.87 2.53 2.01 2.22 2.15 2.75 1.96 2.64 2.70 2.22 2.02 2.16 2.36 (m)
TRS Mi. 14.9 3.37 6.79 18.4 19.1 5.67 3.17 5.91 16.2 11.3 14.1 20.4 18.9 158 (t)

aDerivation of morphometric variables given in Table 1.
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Figure 3. Geomorphic and silvicultural map of the North Fork Beaver Creek watershed. Height of falls and log steps given in feet. Clearcut units amount

to 21.5 percent of the watershed area. The area frequency of debris torrents is 0.168 per square mile (0.0658/km2).
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Yaquina Fire of 1868. Examination of 1939 aerial photos identifies conif-

erous forest stream adjacent cover along 20 percent of the fifth order

segment of the mainstream, along 90 percent of the fourth order segment,

and along 60 percent of the third order segment.

The lower portion of North Fork Beaver Creek meanders through a wide

alluvial lowland with a channel width-to-depth ratio less than four.

Sloughing of channel banks is common, constricting channel width causing

scour of deep pools and addition of fine-sized particles. This process

is aggravated by cattle trampling. Above this reach, the valley config-

uration becomes narrower and the stream is dominated by bedrock glides

with low sandstone ridges in the channel creating a series of falls.

Peterson Creek has experienced progressive deposition of fines and small

gravel behind beaver dams. Lewis Creek is characterized by a steep chan-

nel gradient and numerous fall obstructions. Mass wasting sites include

two debris torrents and deep-seated earthflows which account for several

major bends in Peterson Creek and upper North Fork Beaver Creek.

Log steps are not prevalent in the mainstream until stream adjacent

clearcuts are encountered. Logging debris accounts for the majority of

log steps on the mainstream with treefall primarily responsible for log

step development on surveyed tributaries. The lack of log steps in the

fifth order segment of North Fork Beaver Creek is attributed to an his-

toric absence of stream adjacent conifers. In addition, private land-

owners have likely removed log steps developed by flotation from upstream.

Log steps in second, third, and fourth order streams dissipate 8.0, 10.9,

and 11.0 percent of potential energy, respectively (Table 4). A series

of log steps have deliberately been placed in North Fork Beaver Creek at
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Table 4. Summary of field data for North Fork Beaver Creek.a

FEATURE

1 2

STREAM ORDER

5

OVERALL

3 4

No. Streams Surveyed 0 1 3 2 1 7

Total Miles Surveyed 0 .300 3.79 2.77 4.71 11.6
Total Relief Surveyed (Ft.) 0 150 790 600 140 1,680

N-Log Steps (Ht. /No.)b 12/5 68/24 41/8 0/0 121/37
H-Log Steps (Ht./No.) 0/0 18/6 25/8 1/1 44/15
All Log Steps (Ht./No.) 12/5 86/30 66/16 1/1 165/52
P.E. Dissipation Mc 8.00 10.9 11.0 .714 9.82

N-Boulder Falls (Ht./No.) -- 0/0 45/10 14/6 0/0 59/16
N-Bedrock Falls (Ht./No.) -- 18/3 16/5 6/2 16/7 56/17
H-Fall Structures (Ht./No.) -- 0/0 0/0 0/0 0/0 0/0
All Falls (Ht./No.) 18/3 61/15 20/8 16/7 115/33
P.E. Dissipation (%) 12.0 7.72 3.33 11.4 6.85

Total P.E. Dissipation 20.0 18.6 14.3 12.1 16.7

Log Steps - Wood (Ft.3) 4,200 21,000 250,000 1,100 280,000
Log Steps Sediment (Ft.3) -- 870 5,900 60,000 60 67,000

a
Data summarized from Table I-1 in Appendix I.

bAll heights given in feet.
cP.E. = potential energy per unit mass of water (equivalent to relief).
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RM 7.15 (11.5 km) to improve fish passage (Figure 4). Boulder and bed-

rock falls become important in the third order segments. The overall

potential energy dissipation by falls and log steps amounts to 16.7 per-

cent in surveyed streams of the North Fork Beaver Creek watershed.

The X
2
values indicating proximity to equilibrium of the stream net-

work are 60.87 from map data only, 74.90 after adjusting for falls, and

67.40 after adjusting for falls and log steps (Figure 5). All three cal-

culated X
2
values exceed the critical X

2
value of 9.49 at the 0.05 level

of significance for a fifth order stream network (four degrees of free-

dom). One can only conclude that the stream network in the North Fork

Beaver Creek watershed exhibits a significant deviation from equilibrium.

Of particular interest is the increase in the X
2

value after adjusting

for falls, revealing that falls are located in the stream network where

not needed for potential energy dissipation. According to equilibrium

criteria of the present study, progressive erosion will occur in first,

second, and fourth order streams of the North Fork Beaver Creek watershed

unless excess potential energy is dissipated by additional fall obstruc-

tions. Likewise, the inference is forthcoming that progressive deposition

will occur in third and fifth order streams. Even if 85 percent of poten-

tial stream energy is dissipated by fall obstructions in first and second

order streams, relief in the fifth order segment of North Fork Beaver

Creek would be less than the equilibrium relief, or that required for

balance of sediment inport-export. Indeed, extensive deposits of fine-

sized particles are prevalent in third and fifth order segments of the

mainstream and Peterson Creek where falls occur despite a mean relief less

than the equilibrium value.
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Figure 4. Dissipation of potential stream energy and
sediment storage by log steps deliberately
placed in North Fork Beaver Creek to improve
fish passage and retain spawning gravel.



MOO

DISTRIBUTION OF POTENTIAL STREAM ENERGY IN THE NORTH FORK BEAVER CREEK WATERSHED

From Map Data Only
After Adjusting for

Falls
After Adjusting for
Falls and Log Steps

Stream
Order

Mean
Length

Mean
Relief

Equilibrium
Relief

Mean
Relief

Equilibrium
Relief

Mean
Relief

Equilibrium
Relief

1 920 260 230 260 216.2 260 200.6
2 1,500 220 230 194 216.2 176 200.6
3 3,800 230 230 212 216.2 187 200.6
4 7,300 300 230 290 216.2 257 200,6
5 25,000 140 230 125 216.2 123 200.6

Total 38,520 1,150 1,150 1,081 1,081 1,003 1,003

X
2

= 60.87

1111111N0

X
2

= 74.90 X
2

= 67.40

11.001 111.001/ 30,000

11010,111 (100)
21.00 10.000 01.000

Figure 5. Composite existing and equilibrium longitudinal profiles after adjusting for falls and
log steps in the North Fork Beaver Creek watershed (20 times exaggeration of vertical
scale). Tabular data describe proximity to equilibrium of the stream network.



62

A total of 67,000 cubic feet (1900 m3) of sediment is stored by log

steps in the 11.6 miles (18.7 km) of streams surveyed (Table 4). Seventy-

five percent of this total is part of a single log step (the largest ob-

served in all study streams) at the base of a debris torrent originating

on an undisturbed hillslope above tributary A. By extrapolating the

volume of sediment stored by log steps in surveyed third? fourth, and

fifth order streams to all streams in the basin of these orders, a total

estimated volume of 72,000 cubic feet (2000 m
3

) of sediment is obtained.

This volume is then compared to the estimate of mean annual sediment

yield of 35,000 cubic feet per year ( 994 m3/yr) for the North Fork Beaver

Creek watershed, derived by the morphometric erosion factor (Figure 2).

Assuming these calculations provide reliable estimates, mean annual sedi-

ment production yields 49 percent of the volume stored by log steps in

third, fourth, and fifth order streams. The total wood comprising log

steps in third, fourth, and fifth order streams of the North Fork Beaver

Creek watershed is similarly estimated at 300,000 cubic feet (8500 m3),

or 3.6 million board-feet.

FLYNN CREEK

Flynn Creek becomes a fourth order stream before joining with Horse

Creek to form Meadow Creek at RM 1.40 (2.25 km) upstream of Drift Creek.

A streamgage and sediment sampling station at RM 1.65 (2.65 km) collects

data used by Maxwell and Marston (1980) along with data from other water-

sheds to derive the morphometric indices of streamflow and sediment yield

addressed in the present study. It should be noted that morphometric
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measurements and field data include portions of the watershed downstream

from the U.S. Geological Survey gage. The entire watershed area of 2.39

square miles (6.19 km2) is underlain by the Flournoy Formation (Figure

1). Considering morphometric factors used to derive landtypes, the index

of mean annual runoff for the Flynn Creek watershed (6.26) ranks highest;

the index of mean annual base flow (41.2) ranks ninth; the index of mean

annual peak flow (42.3) ranks highest; and the index of mean annual sedi-

ment yield (21.8) ranks eighth among the 13 study basins. Field survey

data are reported for a total of 2.59 miles (4.17 km) of the mainstream

(Figure 6). Clearcutting has removed 22.5 percent of timber stands gen-

erated in the watershed since the Yaquina Fire of 1868. Examination of

1939 aerial photos identifies coniferous forest stream adjacent cover

along 20 percent of the fourth order segment of the mainstream, and along

70 percent of the third and second order segments.

The fourth order segment of Flynn Creek exhibits very little relief

as it flows through a wide alluvial lowland. The channel is characterized

by deposition of fines, low to moderate meandering, and continuous raw

banks. The valley configuration becomes narrower in the third and second

order segments with occassional small debris avalanches. Flynn Creek is

one of only two study basins in which field evidence of debris torrents

is lacking. The predominant size of bottom particles ranges from fine

sand to small gravel in the third order segment with evidence that storm

flows frequently exceed channel capacity.

Log steps in the second and third order streams surveyed dissipate

3.08 and 4.67 percent of potential stream energy, respectively (Table 5).

Log steps are not present in the fourth order segment of Flynn Creek
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Figure 6. Geomorphic and silvicultural map of the Flynn Creek watershed.
Height of falls and log steps given in feet. Clearcut units
amount to 22.6 percent of the watershed area.
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Table 5. Summary of field data for Flynn Creek.a

FEATURE

1

STREAM ORDER

4

OVERALL

2 3

No. Streams Surveyed 0 1 1 1 3
Total Miles Surveyed 0 .270 .870 1.45 2.59
Total Relief Surveyed (Ft.) 0 130 150 90 370

N-Log Steps (Ht. /No.)b 4/3 7/5 0/0 11/8
H-Log Steps (Ht./No.) 0/0 0/0 0/0 0/0
All Log Steps (Ht./No.) 4/3 7/5 0/0 11/8
P.E. Dissipation (%)c 3.08 4.67 0 2.97

N-Boulder Falls (Ht./No.) 0/0 5/4 0/0 5/4
N-Bedrock Falls (Ht./No.) 7/3 3/1 0/0 10/4
H-Fall Structures (Ht./No.) 0/0 2/1 4/1 6/2
All Falls (Ht./No.) 7/3 10/6 4/1 21/10
P.E. Dissipation (%) 5.38 6.67 4.44 5.68

Total P.E. Dissipation (%) 8.46 11.3 4.44 8.65

Log Steps Wood (Ft.3) 16 64 0 80
Log Steps Sediment (Ft.3) 60 430 0 490

a
Data summarized from Table 1-2 in Appendix I.

bAll heights given in feet.
cP.E. = potential energy per unit mass of water (equivalent to relief).
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largely because deposits of fine-sized particles are readily excavated

from behind logs suspended in the channel. Treefall and debris ava-

lanches account for the majority of log steps in surveyed portions of

the mainstream. Boulder falls become important in the third order seg-

ment while bedrock falls exert a greater influence in the second order

segment. The overall potential energy dissipation by falls and log steps

amounts to 5.68 percent in surveyed streams of the Flynn Creek watershed.

The X
2
values indicating proximity to equilibrium of the stream net-

work are 47.65 from map data only, 54.94 after adjusting for falls, and

57.97 after adjusting for falls and log steps (Figure 7). All three cal-

culated X
2

values exceed the critical X
2

value of 7.82 at the 0.05 level

of significance for a fourth order stream network (three degrees of free-

dom). One can only conclude that the stream network in the Flynn Creek

watershed exhibits a significant deviation from equilibrium. The pro-

gressive increase in the X
2
value after accounting for falls and then log

steps reveals that fall obstructions are located in the stream network

where not needed for potential energy dissipation. If log steps were not

present in the second order streams, equilibrium conditions would prevail

in streams of that order. Fall obstructions are especially unnecessary

in the third and fourth order segments where greater potential energy is

needed to transport sediment supplies of fine-sized particles. Accord-

ing to equilibrium criteria of the present study, third, and fourth order

streams of the Flynn Creek watershed will experience progressive deposi-

tion. Even if 60 percent of potential energy is dissipated by fall ob-

structions in first order streams, the equilibrium relief for each order

will be greater than the actual relief for third and fourth order streams.
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Figure 7. Composite existing and equilibrium longitudinal profiles after adjusting for falls and
log steps in the Flynn Creek watershed (25 times exaggeration of vertical scale).
Tabular data describe proximity to equilibrium of the stream network.
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Log steps store a total of 490 cubic feet (14 m
3

) of sediment in the

2.59 miles (4.17 km) of streams surveyed (Table 5). By extrapolating the

volume of sediment stored by log steps in surveyed third and fourth order

streams to all streams in the basin of these orders, a total estimated

volume of 980 cubic feet (28 m
3

) of sediment is obtained. This volume is

then compared to the estimate of mean annual sediment yield of 8,500 cubic

feet per year (240 m3/yr) for the Flynn Creek watershed, derived by the

morphometric erosion factor (Figure 2). Assuming these calculations pro-

vide reliable estimates, mean annual sediment production yields 870 per-

cent of the volume stored by log steps in third and fourth order streams,

the highest percentage among all study basins. A high index of mean an-

nual sediment yield is anticipated for a basin such as Flynn Creek with a

high value for the product of drainage density, bifurcation ratio, and

stream relief ratio. The total wood comprising log steps in third and

fourth order streams of the Flynn Creek watershed is similarly estimated

at 150 cubic feet (4.2 m3), or 1,800 board-feet.

ELKHORN CREEK

Elkhorn Creek becomes a fourth order stream before joining Beaver

Creek at RM 4.90 (7.88 km) upstream of the Pacific Ocean. The entire

watershed area of 4.99 square miles (12.9 km2) is underlain by the Flour-

noy Formation (Figure 1). Considering morphometric factors used to de-

rive landtypes, the index of mean annual runoff for the Elkhorn Creek

watershed (4.68) ranks along with that of Cape Creek--Lane County as sixth

highest; the index of mean annual base flow (62.5) ranks third; the index
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of mean annual peak flow (29.1) ranks fourth; and the index of mean annual

sediment yield (19.4) ranks ninth among the 13 study basins. Field sur-

vey data are reported for a total of 4.53 miles (7.29 km) of the main-

stream, tributary A, and tributary B (Figure 8). Clearcutting has re-

moved 39.5 percent of timber stands generated in the watershed since the

Yaquina Fire of 1868. Examination of 1939 aerial photos identifies conif-

erous forest stream adjacent cover along 60 percent of the fourth order

segment of the mainstem and along 50 percent of the third order segment.

The lower portion of Elkhorn Creek resembles lower North Fork Beaver

Creek as it meanders through a wide alluvial lowland with a width-to-

depth ratio less than four and voluminous deposits of fine-sized particles.

The average size of bottom particles increases to gravel as valley con-

figuration becomes narrower and log steps develop. The third order seg-

ment of Elkhorn Creek differs markedly from the fourth order segment by

virtue of its narrow valley configuration, stepped profile, and stream

adjacent clearcuts. As with Flynn Creek, surveyed portions of Elkhorn

Creek are unaffected by debris torrents.

Log steps in fourth and fifth order streams surveyed dissipate 7.14

and 5.0 percent of potential stream energy, respectively (Table 6).

Debris avalanches, logging debris, and windfall from low density buffer

strips account for the majority of log steps in third order streams of

the Elkhorn Creek watershed. Boulder falls become most important in up-

per portions of the fourth order stream while bedrock falls exert their

greatest influence on the third order segment. The overall potential

energy dissipation by falls and log steps amounts to 10.8 percent in sur-

veyed streams of the Elkhorn Creek watershed.
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Figure 8. Geomorphic and silvicultural map of the Elkhorn Creek watershed. Height of falls and log steps

given in feet. Clearcut units amount to 39.5 percent of the watershed area.
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Table 6. Summary of field data for Elkhorn Creek.a

FEATURE

1

STREAM ORDER

4

OVERALL

2 3

No. Streams Surveyed 0 0 2 1 3
Total Miles Surveyed 0 0 1.89 2.64 4.53
Total Relief Surveyed (Ft.) 0 0 560 220 780

N-Log Steps (Ht. /No.)b 33/12 4/2 37/14
H-Log Steps (Ht./No.) 7/2 7/5 14/7
All Log Steps (Ht./No.) 40/14 11/7 51/21
P.E. Dissipation Mc 7.14 5.00 6.54

N-Boulder Falls (Ht./No.) 9/3 15/3 24/6
N-Bedrock Falls (Ht./No.) 6/3 3/3 9/6
H-Fall Structures (Ht./No.) 0/0 0/0 0/0
All Falls (Ht./No.) 15/6 18/6 33/12
P.E. Dissipation (%) 2.68 8.18 4.23

Total P.E. Dissipation (%) 9.82 13.2 10.8

Log Steps - Wood (Ft.3) - 31,000 2,700 34,000
Log Steps Sediment (Ft.3) -- 6,800 580 7,400

a
Data summarized from Table 1-3 in Appendix I.

bAll heights given in feet.
cP.E. = potential energy per unit mass of water (equivalent to relief).
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The X
2
values indicating proximity to equilibrium of the stream net-

work are 2.13 from map data only, 5.75 after adjusting for falls, and

10.33 after adjusting for falls and log steps (Figure 9). Only the last

calculated X
2

value exceeds the critical X
2

value of 7.82 at the 0.05

level of significance for a fourth order stream network (three degrees of

freedom). The distribution of potential energy in streams of the Elkhorn

Creek watershed does not differ significantly from equilibrium conditions

until an adjustment is made for log steps. The progressive increase in

X
2

values reveals that falls and log steps are located in the stream net-

work where not needed for potential energy dissipation.

Log steps store a total of 7,400 cubic feet (210 m3) of sediment in

the 4.53 miles (7.29 km) of streams surveyed (Table 6). By extrapolating

the volume of sediment stored in third and fourth order streams to all

streams in the basin of these orders, a total estimated volume of 14,000

cubic feet (400 m3) is obtained. This volume is then compared to the

estimate of mean annual sediment yield of 16,000 cubic feet per year (450

m
3
/yr) for the Elkhorn Creek watershed, derived by the morphometric ero-

sion factor (Figure 2). Assuming these calculations provide reliable

estimates, mean annual sediment production yields 110 percent of the

volume stored by log steps in third and fourth order streams. The total

wood comprising log steps in third and fourth order streams of the Elk-

horn Creek watershed is similarly estimated at 63,000 cubic feet (1800

m
3
), or 756,000 board-feet.
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Figure 9. Composite existing and equilibrium longitudinal profiles after adjusting for falls and
log steps in the Elkhorn Creek watershed (10 times exaggeration of vertical scale).
Tabular data describe proximity to equilibrium of the stream network.
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SCOTT CREEK

Scott Creek becomes a fifth order stream before joining the Alsea

River at RM 18.5 (29.8 km) upstream of the Pacific Ocean. The entire

watershed area of 11.8 square miles (30.6 km2) is underlain by the Flour-

noy Formation (Figure 1). Considering morphometric factors used to de-

rive landtypes, the index of mean annual runoff for the Scott Creek

watershed (5.25) ranks second highest; the index of mean annual base flow

(30.5) ranks eleventh; the index of mean annual peak flow (24.9) ranks

seventh; and the index of mean annual sediment yield (37.1) ranks highest

among the 13 study basins. Field survey data are reported for a total of

7.18 miles (11.6 km) of the mainstream, East Fork, and West Fork (Figure

10). Clearcutting has removed 30.3 percent of timber stands generated in

the watershed since the Yaquina Fire of 1868. Examination of 1939 aerial

photos identifies coniferous forest stream adjacent cover along no portion

of the fifth order segment and along 80 percent of the fourth order seg-

ments of the East and West Forks.

Below the junction of the East and West Forks, the mainstream of

Scott Creek flows at the base of colluvial footslopes of low to moderate

relief. The predominant substrate is bedrock in the mainstream and lower

portion of the East Fork. Cobble and boulder size particles dominate the

upper portion of the East Fork and the entire West Fork. The mainstream

and East Fork of Scott Creek flow against the strike of well-indurated

sandstone beds of the Flournoy Formation. A series of low bedrock falls

result with appreciable dissipation of potential stream energy. Highly

fractured bedrock and springs act to trigger rockfalls on steep stream
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Figure 10. Geomorphic and silvicultural map of the Scott Creek watershed. Height of falls and log steps given in feet.

Clearcut units amount to 30.3 percent of the watershed area. The area frequency of debris torrents is 0.678

per square mile (0.262/km2).



76

adjacent slopes along the West Fork. The rockfalls account for a number

of boulder falls which dissipate potential energy in the West Fork.

Several debris torrent tracks were observed in tributaries to the East

Fork and West Fork of Scott Creek.

Log steps in third and fourth order streams surveyed dissipate 3.48

and 7.79 percent of potential stream energy, respectively, with no log

steps observed in the fifth order segment (Table 7). Together with debris

torrents, logging debris accounts for a number of log steps of consider-

able height with abundant storage of sediment. Boulder and bedrock falls

are most important in the fourth order streams. The overall potential

energy dissipation by falls and log steps amounts to 25.2 percent in sur-

veyed streams of the Scott Creek watershed, a figure exceeded only by

Rock Creek.

The X
2
values indicating proximity to equilibrium of the stream net.

work are 429.5 from map data only, 190.3 after adjusting for falls, and

156.4 after adjusting for falls and log steps (Figure 11). All three

calculated X
2

values exceed the critical X
2

value of 9.49 at the 0.05

level of significance for a fifth order stream network (four degrees of

freedom). One can only conclude that the stream network in the Scott

Creek watershed exhibits a significant deviation from equilibrium. How-

ever, the dramatic decrease of X
2

values after adjusting for falls and

then log steps reveals that fall obstructions are located in the stream

network where needed for potential energy dissipation. According to

equilibrium criteria of the present study, the fifth order segment of

Scott Creek will experience progressive deposition with downcutting in

segments of lower orders. Even if 100 percent of the potential energy is
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FEATURE

1 2

STREAM ORDER

5

OVERALL

3 4

No. Streams Surveyed 0 0 1 2 1 4
Total Miles Surveyed 0 0 0.21 5.92 1.05 7.18
Total Relief Surveyed (Ft.) 0 0 230 1,360 120 1,710

N-Log Steps (Ht./No.P 3/1 57/15 0/0 60/16
H-Log Steps (Ht./No.) 5/1 49/7 0/0 54/8
All Log Steps (Ht./No.) 8/2 106/22 0/0 114/24
P.E. Dissipation (%)c 3.48 7.79 0 6.67

N-Boulder Falls (Ht./No.) 0/0 213/38 0/0 213/38
N- Bedrock Falls (Ht./No.) 40/1 47/19 14/4 101/24
H -Fall Structures (Ht./No.) -- 0/0 3/1 0/0 3/1
All Falls (Ht./No.) 40/1 263/58 14/4 317/63
P.E. Dissipation (%) 17.4 19.3 11.7 18.5

Total P.E. Dissipation (%) -- 20.9 27.1 11.7 25.2

Log Steps Wood (Ft.3) 450 180,000 0 180,000
Log Steps - Sediment (Ft.3) 230 32,000 0 32,000

a
Data summarized from Table 1-4 in Appendix I.

bAll heights given in feet.
cP.E. = potential energy per unit mass of water (equivalent to relief).
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Figure 11. Composite existing and equilibrium longitudinal profiles after adjusting for falls and
log steps in the Scott Creek watershed (12.5 times exaggeration of vertical scale).
Tabular data describe proximity to equilibrium of the stream network.
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dissipated by fall obstructions in first and second order streams, the

equilibrium relief will be greater than the actual relief in the fifth

order segment of Scott Creek. Indeed, the low channel capacity and

active floodplain of lower Scott Creek are signs of a depositional envi-

ronment. The lack of fine-sized particles in the substrate of third and

fourth order streams reflects the influence of competent flows of excess

potential energy.

Log steps store a total of 32,000 cubic feet (910 m3) of sediment in

the 7.18 miles (11.6 km) of streams surveyed (Table 7). By extrapolating

the volume of sediment stored in surveyed third, fourth, and fifth order

streams to all streams in the basin of these orders, a total estimated

volume of 39,000 cubic feet (1100 m3) is obtained. This volume is then

compared to the estimate of mean annual sediment yield of 72,000 cubic

feet per year (2000 m3) for the Scott Creek watershed, derived by the

morphometric erosion factor (Figure 2). Assuming these calculations pro-

vide reliable estimates, mean annual sediment production yields 100 per-

cent of the volume stored by log steps in third, fourth, and fifth order

streams. The total wood comprising log steps in third, fourth, and fifth

order streams of the Scott Creek watershed is similarly estimated at

190,000 cubic feet (5400 m3), or 2.3 million board-feet.

CANAL CREEK

Canal Creek becomes a fifth order stream before joining the Alsea

River at RM 9.60 (15.4 km) upstream of the Pacific Ocean. The entire

watershed area of 13.3 square miles (34.4 km2) is underlain by the Flour-
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noy Formation (Figure 1). Considering morphometric factors used to de-

rive landtypes, the index of mean annual runoff for the Canal Creek water-

shed (5.20) ranks third highest; the index of mean annual base flow (65.9)

ranks second; the index of mean annual peak flow (31.4) ranks third; and

the index of mean annual sediment yield (30.1) ranks fourth among the 13

study basins. Field survey data are reported for a total of 11.9 miles

(19.1 km) of streams of the mainstream, Bear Creek, West Creek, East Fork,

and tributary A (Figure 12). Clearcutting has removed 37.9 percent of

timber stands generated in the watershed since the Yaquina Fire of 1868.

Examination of 1939 aerial photos identifies coniferous forest stream

adjacent cover along 30 percent of the fifth order segment and along 90

percent of fourth and third order segments surveyed.

The lower portion of Canal Creek below the junction with West Fork

bisects colluvial footslopes with several entrenched meanders. The width-

to-depth ratio is greater than ten as Canal Creek flows over bedrock with

occassional gravel mid-channel bars. Valley-bottom width is restricted

by a road which parallels the mainstream. Bank cutting is prolific, es-

pecially where deposits of fine-sized particles persist behind breached

beaver dams. Upper portions of the mainstream contain dry ravel from

adjacent hillslopes but the particle size of substrate never exceeds

coarse gravel. Stream loading of large woody debris and sediment in

Bear Creek is accelerated by an extensive earthflow area on the north-

facing hillslope. The lower portion of West Creek meanders through al-

luvial and colluvial deposits with several meander bends related to diver-

sions around slump-earthflow deposits. Bedrock exerts a control on the

upper portion of West Creek, with numerous low falls over well-indurated



5 CANAL CREEK

81

LEGEND

Stream Order 1. Log Steps
1 4 Falls
2 fit/ Debris Torren;
3 End of Survey

4 Clearcut(yearl

O .3 1 M.

ri 1

II
1

I
O 1 1.3 Km.

Figure 12. Geomorphic and silvicultural map of the Canal Creek watershed. Height of falls and log steps given in feet.

Clearcut units amount to 37.9 percent of the watershed area. The area frequency of debris torrents is 0.150

per square mile (0.0579/km2).
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sandstone beds. Slump activity is common to the cuestaform topography

which characterizes the Canal Creek watershed. Debris torrent tracks are

present in tributaries to Bear and West Creeks.

Log steps in third, fourth, and fifth order streams surveyed dissi-

pate only 2.11, 1.09, and 0.345 percent of potential energy, respectively

(Table 8). Treefall accounts for the majority of log steps in the main-

stream of Canal Creek. The relative absence of log steps can be attrib-

uted to distance of steep slopes from streams, unstable bedload deposits,

and high flushing capacity of the fifth order segment. The frequency and

percent potential energy dissipation by log steps in Canal Creek and trib-

utaries are lowest among all study basins. Boulder and bedrock falls are

most important in third order streams. The overall potential energy dis-

sipation by falls and log steps amounts to 5.35 percent in surveyed

streams of the Canal Creek watershed.

The X
2
values indicating proximity to equilibrium of the stream net-

work are 16.75 from map data only, 18.72 after adjusting for falls, and

19.41 after adjusting for falls and log steps (Figure 13). All three

calculated X
2

values exceed the critical X
2

value of 9.49 at the 0.05

level of significance for a fifth order stream network (four degrees of

freedom). One can only conclude that the stream network exhibits a sig-

nificant deviation from equilibrium. However, the deviation from equilib-

rium conditions in the Canal Creek watershed is relatively low when com-

pared to other study basins. The small increase of X2 values after ad-

justing for falls and then log steps reveals that the low number of fall

obstructions are located in the stream network where not needed for po-

tential energy dissipation. According to equilibrium criteria of the
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FEATURE

1 2

STREAM ORDER

5

OVERALL

3 4

No. Streams Surveyed 0 0 4 4 1 9

Total Miles Surveyed 0 0 2.24 5.18 4.49 11.9
Total Releif Surveyed (Ft.) 0 0 760 1,100 290 2,150

N-Log Steps (Ht. /No.)b 16/8 12/8 1/1 29/17
H-Log Steps (Ht./No.) 0/0 0/0 0/0 0/0
All Log Steps (Ht./No.) 16/8 12/8 1/1 29/17
P.E. Dissipation Mc 2.11 1.09 .345 1.35

N-Boulder Falls (Ht./No.) 16/4 12/5 1/1 29/10
N-Bedrock Falls (Ht./No.) -- 35/9 19/8 3/3 57/20
H-Fall Structures (Ht./No.) 0/0 0/0 0/0 0/0
All Falls (Ht./No.) 51/13 31/13 4/4 86/30
P.E. Dissipation (%) 6.71 2.82 1.38 4.00

Total P.E. Dissipation (%) 8.82 3.91 1.73 5.35

Log Steps Wood (Ft.3) 8,600 2,300 250 11,000

Log Steps - Sediment (Ft.3) 1,200 1,100 24 1,300

a
Data summarized from Table 1-5 in Appendix I.

b
All heights given in feet.

c
P.E. = potential energy per unit mass of water (equivalent to relief).
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Figure 13. Composite existing and equilibrium longitudinal profiles after adjusting for falls and
log steps in the Canal Creek watershed (20 times exaggeration of vertical scale).
Tabular data describe proximity to equilibrium of the stream network.
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present study, the first, fourth, and fifth order streams will experience

progressive downcutting with deposition in second and third order streams

until potential energy is distributed equally among streams of the vari-

ous orders. Any dissipation of potential energy by fall obstructions

that may exist in first and second order streams only serves to accentuate

downcutting in higher order streams of the Canal Creek watershed. This

inference is supported by field evidence of bank erosion and absence of

channel bar formation along the fifth order segment of the mainstream.

Log steps store a total of only 1,300 cubic feet (37 m3) of sediment

in the 11.9 miles (19.1 km) of streams surveyed (Table 8). By extrapo

lating the volume of sediment stored in third, fourth, and fifth order

streams to all streams in the basin of these orders, a total estimated

volume of 6,400 cubic feet (180 m
3

) is obtained. This volume is then

compared to the estimate of mean annual sediment yield of 62,000 cubic

feet per year (1800 m3/yr) for the Canal Creek watershed, derived by the

morphometric erosion factor (Figure 2). Assuming these calculations pro-

vide reliable estimates, mean annual sediment production yields 970 per-

cent of the volume stored by log steps in third, fourth, and fifth order

streams. The total wood comprising log steps in third, fourth, and fifth

order streams of the Canal Creek watershed is similarly estimated at

40,000 cubic feet (1100 m3), or 480,000 board-feet.

BIG CREEK--LINCOLN COUNTY

Big Creek in Lincoln County becomes a fifth order stream before

flowing directly into the Pacific Ocean. The watershed area of 8.24
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square miles (21.3 km
2

) is underlain by the Alsea Formation and marine

terrace deposits in the lower portion and by Yachats Basalt, nepheline

syenite, and the Flournoy Formation in the upper portion (Figure 1).

Considering morphometric factors used to derive landtypes, the index of

mean annual runoff for the Big Creek--Lincoln County watershed (3.99)

ranks tenth highest; the index of mean annual base flow (53.2) ranks

sixth; the index of mean annual peak flow (17.1) ranks lowest; and the

index of mean annual sediment yield (11.6) ranks lowest among the 13

study basins. Field data are reported for a total of 8.34 miles (13.4

km) of the mainstream, Dick's Fork, and South Fork (Figure 14). Exten-

sive stands of Sitka spruce had been generated in the watershed since

the Yaquina Fire of 1868. Railroad logging exploited the spruce stands

along streams and in the lower portion of the watershed between 1921 and

1935. A fire beginning in the fall of 1936 destroyed partially stocked

stands of timber. The 1936 fire and subsequent clearcutting have removed

61 percent of timber stands in the watershed, highest among all study

basins.

The low relief of fourth and fifth order streams reflects the in-

fluence of Pleistocene marine planation. The fifth order segment is

affected by intertidal action and channelization through a private lumber

millyard. Streamside topography is flat as the mainstream and Dick's

Fork meander through marshland peat deposits. Ever-present bank erosion

and low channel gradient accentuate deposition of fine-sized particles

in fourth and fifth order streams. Fine-sized particles are absent in

the substrate of third order streams surveyed in the Big Creek--Lincoln
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Figure 14. Geomorphic and silvicultural map of the Big Creek--Lincoln County watershed. Height of falls and 199 steps

given in feet. Clearcut units amount to 61.0 percent of the watershed area. The 1936 unit was actually a

partially stocked timber stand denuded by fire in 1936 after logging from 1921-35. The area frequency of

debris torrents is 0.121 per square mile (0.0467/km?).
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County watershed. A single debris torrent track is present along the

mainstream.

Log steps in third, fourth, and fifth order streams surveyed dissi-

pate 12.8, 36.7, and 3.33 percent of potential energy, respectively

(Table 9). Bank cutting promotes treefall which accounts for the high

frequency of log steps which remain in the channel because of the low

flushing capacity (Figure 15). Logging debris forms numerous log steps

in the upper portion of Dick's Fork, with impacts from a 1957 clearcut

unit particularly severe. A 25-foot (7.6 m) bedrock falls is present at

RM 2.05 (3.30 km) on the mainstream and a 15-foot (4.6 m) bedrock falls

is present at RM 1.92 (3.09 km) on Dick's Fork. Both falls represent

nickpoints due to differential resistance between the Yachats Basalt and

Alsea Formation along a surface contact zone. As a result, bedrock falls

are most important in the fourth order streams with boulder falls exert-

ing their greatest influence on third order segments. The overall poten-

tial energy dissipation by falls and log steps amounts to 19.5 percent in

surveyed streams of the Big Creek--Lincoln County watershed.

The X
2
values indicating proximity to equilibrium of the stream net-

work are 228.97 from map data only, 247.74 after adjusting for falls,

and 276.36 after adjusting for falls and log steps (Figure 16). All

three calculated X
2

values exceed the critical X 2
value of 9.49 at the

0.05 level of significance for a fifth order stream network (four degrees

of freedom). One can only conclude that the stream network exhibits a

significant deviation from equilibrium. The increase of X
2

values after

adjusting for falls and then log steps reveals that the fall obstructions

are located in the stream network where not needed for potential energy
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Figure 15. Photograph of Big Creek--Lincoln County il-
lustrating early and active stages of log
step development. A typical sequence begins
with treefall resulting in a suspended log
over the channel. The log breaks and even-
tually spans the active channel, creating a
vertical drop of water surface elevation and
storing sediment. The duration of log steps
in Big Creek--Lincoln County depends only on
resistance to physical breakdown and decompo-
sition because of the low channel flushing
capacity.
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FEATURE

1 2

STREAM ORDER

5

OVERALL

3 4

No. Streams Surveyed 0 0 3 2 1 6

Total Miles Surveyed 0 0 5.71 2.00 630 8.34
Total Relief Surveyed (Ft.) 0 0 1,400 180 30 1,610

N-Log Steps (Ht. /No.)b 113/43 60/24 0/0 173/67
H-Log Steps (Ht./No.) 66/13 6/3 1/1 73/17
All Log Steps (Ht./No.) 179/56 66/27 1/1 246/84
P.E. Dissipation (%)c 12.8 36.7 3.33 15.3

N-Boulder Falls (Ht./No.) 8/3 0/0 0/0 8/3
N- Bedrock Falls (Ht./No.) 19/3 38/6 0/0 57/9
H -Fall Structures (Ht./No.) -- 3/1 0/0 0/0 3/1

All Falls (Ht./No.) 30/7 38/6 0/0 68/13
P.E. Dissipation (%) 2.14 21.1 0 4.22

Total P.E. Dissipation (%) -- 14.9 57.8 3.33 19.5

Log Steps Wood (Ft.3) 64,000 21,000 350 85,000
Log Steps Sediment (Ft.3) 25,000 7,100 38 32,000

a
Data summarized from Table 1-6 in Appendix I.

bAll heights given in feet.
cP.E. = potential energy per unit mass of water (equivalent to relief).
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Figure 16. Composite existing and equilibrium longitudinal profiles after adjusting for falls and
log steps in the Big Creek--Lincoln County watershed (10 times exaggeration of vertical
scale). Tabular data describe proximity to equilibrium of the stream network.
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dissipation. According to equilibrium criteria of the present study,

the fourth and fifth order streams will experience progressive deposition

with downcutting in streams of lower orders. Indeed, the increase in

abundance of fine-sized particles in the channel substrate with distance

downstream supports this inference. Even if falls and log steps dissi,

pate 100 percent of the potential energy in the first and second order

streams, the relief in fourth and fifth order streams would remain less

than required for graded, or equilibrium conditions.

Log steps store a total of 32,000 cubic feet (910 m3) of sediment in

the 8.34 miles (13.4 km) of streams surveyed (Table 9). By extrapolating

the volume of sediment stored in third, fourth, and fifth order streams

to all streams in the basin of these orders, a total estimated volume of

38,000 cubic feet (1100 m3) is obtained. This volume is then compared

to the estimate of mean annual sediment yield of 15,000 cubic feet per

year (420 m3/yr) for the Big Creek--Lincoln County watershed, derived by

the morphometric erosion factor (Figure 2). Assuming these calculations

provide reliable estimates, mean annual sediment production yields 39

percent of the volume stored by log steps in third, fourth, and fifth

order streams. The total wood comprising log steps in third, fourth, and

fifth order streams of the Big Creek--Lincoln County watershed is similar-

ly estimated at 99,000 cubic feet (2800 m3), or 1.2 million board-feet.

CAPE CREEK--LINCOLN COUNTY

Cape Creek in Lincoln County becomes a third order streem before

flowing directly into the Pacific Ocean. The watershed area of 1.86
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square miles (4.82 km2) is underlain by the Yachats Basalt (Figure 1).

Considering morphometric factors used to derive landtypes, the index of

mean annual runoff for the Cape Creek--Lincoln County watershed (3.85)

ranks eleventh highest; the index of mean annual base flow (29.1) ranks

lowest; the index of mean annual peak flow (23.1) ranks ninth; and the

index of mean annual sediment yield (13.1) ranks twelfth among the 13 study

basins. Field survey data are reported for a total of 1.94 miles (3,12

km) of the mainstream (Figure 17). Clearcutting has removed 26.4 percent

of timber stands generated in the watershed since the Yaquina Fire of

1868. Examination of aerial photos predating timber harvest identifies

coniferous forest stream adjacent cover along 90 percent of the third

order segment surveyed.

Cobble and boulder size particles dominate the substrate in the

third order segment of Cape Creek--Lincoln County. A debris torrent oc-

curred in 1972, entering the mainstream from a tributary to the north with

momentum enough to bank up on opposite sides of the narrow valley bottom

as it travelled downstream for one-half mile (0.80 km). The current chan-

nel position alternates from one side of the valley bottom to the other

side as shifted by the torrent deposits. Logs protrude from channel banks

where the stream has downcut through the torrent deposits. Stream cleanup

was undertaken following the torrent, including removal of any pre-exist-

ing log steps.

Log steps in the third order segment upstream of the torrent dissi-

pate 3.15 percent of potential stream energy (Table 10). A culvert under

the U.S. Highway 101 crossing of Cape Creek--Lincoln County creates an

eight-foot (2.4 m) fall. The overall potential energy dissipation by
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Figure 17. Geomorphic and silvicultural map of the Cape Creek--Lincoln County water-
shed. Height of falls and log steps given in feet. Clearcut units amount
to 26.4 percent of the watershed area. The area frequency of debris tor-
rents is 1.08 per square mile (0.417/km2).
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FEATURE STREAM ORDER

1 2 3

OVERALL

No. Streams Surveyed 0 0 1 1

Total Miles Surveyed 0 0 1.94 1.94
Total Relief Surveyed (Ft.) 0 0 540 540

N-Log Steps (Ht./No.)b 17/8 17/8
H-Log Steps (Ht./No.) ..... 0/0 0/0
All Log Steps (Ht./No.) 17/8 17/8
P.E. Dissipation Mc 3.15 3.15

N-Boulder Falls (Ht./No.) 0/0 0/0
N-Bedrock Falls (Ht./No.) 0/0 0/0
H-Fall Structures (Ht./No.) 8/1 8/1
All Falls (Ht./No.) -- 8/1 8/1
P.E. Dissipation (%) -- 1.48 1.48

Total P.E. Dissipation (%) 4.63 4.63

Log Steps - Wood (Ft.3)
Log Steps - Sediment (Ft.3)

8,800
2,200

8,800
2,200

aData summarized from Table 1-7 in Appendix I.
bAll heights given in feet.
cP.E. = potential energy per unit mass of water (equivalent to relief).
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falls and log steps amounts to 4.63 percent in the single surveyed stream

of the Cape Creek--Lincoln County watershed.

The X
2

values indicating proximity to equilibrium of the stream net-

work are 114.0 from map data only, 109.24 after adjusting to falls, and

99.62 after adjusting for falls and log steps (Figure 18). All three

calculated X
2

values exceed the critical X
2

value of 5.99 at the 0.05

level of significance for a third order stream network (two degrees of

freedom). One can only conclude that the stream network exhibits a sig-

nificant deviation from equilibrium. The decrease of X
2

values after

adjusting for falls and then log steps reveals that fall obstructions are

located in the stream network where needed for potential energy dissipa-

tion. According to equilibrium criteria of the present study, the first

and third order streams will experience progressive downcutting with de-

position in second order streams. The lack of fine-sized particles in

the third order stream surveyed supports this inference. Downcutting

would be infered for the third order segment regardless of the dissipation

of energy by fall obstructions in first and second order streams of the

Cape Creek--Lincoln County watershed.

Log steps store a total of 2,200 cubic feet (62 m3) of sediment in

the 1.94 miles (3.12 km) of streams surveyed (Table 10). This volume is

then compared to the estimate of mean annual sediment yield of 3,900 cubic

feet per year (110 m3/yr) for the Cape Creek--Lincoln County watershed,

derived by the morphometric erosion factor (Figure 2). Assuming the cal-

culation provides a reliable estimate, mean annual sediment production

yields 180 percent of the volume stored by log steps in the third order

stream. The total wood comprising log steps in the third order stream of
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Figure 18. Composite existing and equilibrium longitudinal profiles after adjusting for falls and
log steps in the Cape Creek--Lincoln County watershed (10 times exaggeration of vertical
scale). Tabular data describe proximity to equilibrium of the stream network.
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the Cape Creek--Lincoln County watershed amounts to 8,800 cubic feet

(250 m3), or 110,000 board-feet.

STUMP CREEK

Stump Creek becomes a fifth order stream before joining the Yachats

River at RM 10.8 (17.4 km) above the Pacific Ocean. The watershed area

of 4.30 square miles (11.1 km2) is underlain primarily by the Flournoy

Formation, with outcrops of the Nestucca Formation and Yachats Basalt

in the headwaters region (Figure 1). Considering morphometric factors

used to derive landtypes, the index of mean annual runoff for the Stump

Creek watershed (5.17) ranks fourth highest; the index of mean annual

base flow (29.7) ranks twelfth; the index of mean annual peak flow (27.4)

ranks fifth; and the index of mean annual sediment yield (16.8) ranks

eleventh among the 13 study basins. Field survey data are reported for

a total of 5.79 miles (9.32 km) of the mainstream, Keller Creek, tribu-

tary A, and tributary B (Figure 19). Clearcutting has removed 14.6

percent of timber stands generated in the watershed since the Yaquina

Fire of 1868. Examination of aerial photos predating timber harvest

identifies coniferous forest stream adjacent cover along 20 percent of

the fifth and fourth order segments, along 60 percent of third order,

and along 90 percent of second order segments surveyed.

The substrate of the mainstream changes from bedrock to cobbles to

gravel between fifth, fourth, and third order segments. Streamside topo-

graphy of the fifth and fourth order streams is characterized as a low
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Figure 19. Geomorphic and silvicultural map of the Stump Creek watershed.
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gradient colluvial footslope with valley bottom width only becoming

narrow in second order streams. Low channel capacity and formation of

channel bars accentuate erosion of alluvial and colluvial material in

channel banks. Occassional small slumps are observed where steep hill-

slopes encroach on the channel. An extensive gravel bar separates the

tributary B from the mainstream along the lower 100 feet (300 m) of each

stream. Accelerated deposition in this reach is indicated by frequent

observation of partially buried logs. A larger percent of fine-sized

particles are present in the substrate of Keller Creek.

Log steps in the third and fourth order streams surveyed dissipate

4.75 and 1.29 percent of potential stream energy, respectively with no

log steps in the fifth order stream (Table 11). Boulder and bedrock

falls are important only in the second order segment. The overall poten-

tial energy dissipation by falls and log steps is 3.13 percent in sur-

veyed streams of the Stump Creek watershed.

The X
2

values indicating proximity to equilibrium of the stream net-

work are 156.81 from map data only, 161.86 after adjusting for falls, and

164.67 after adjusting for falls and log steps (Figure 20). All three

calculated X
2
values exceed the critical X 2

values of 9.49 at the 0.05

level of significance for a fifth order stream network (four degrees of

freedom). One can only conclude that the stream network exhibits a signi-

ficant deviation from equilibrium. The increase of X
2

values after adjust-

ing for falls and then log steps reveals that fall obstructions are lo-

cated in the stream network where not needed for potential energy dissi-

pation. According to equilibrium criteria of the present study, the

second, fourth, and fifth order streams will experience progressive
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FEATURE

1 2

STREAM ORDER

4 5

OVERALL

3

No. Streams Surveyed 0 2 3 2 1 8
Total Miles Surveyed 0 1.01 2.93 .970 .880 5.79
Total Relief Surveyed (Ft.) 0 400 930 230 100 1,660

N-Log Steps (Ht./No.)b 15/5 12/6 5/2 0/0 32/13
H-Log Steps (Ht./No.) 4/3 0/0 0/0 0/0 4/3
All Log Steps (Ht./No.) 19/8 12/6 5/2 0/0 36/16
P.E. Dissipation (%)c 4.75 1.29 2.17 0 2.17

N-Boulder Falls (Ht./No.) 5/2 0/0 0/0 0/0 5/2
N-Bedrock Falls (Ht./No.) -- 8/2 0/0 0/0 3/1 11/3
H-Fall Structures (Ht./No.) -- 0/0 0/0 0/0 0/0 0/0
All Falls (Ht./No.) 13/4 0/0 0/0 3/1 16/5
P.E. Dissipation (%) 3.25 0 0 3.00 .964

Total P.E. Dissipation (%) -- 8.00 1.29 2.17 3.00 3.13

Log Steps - Wood (Ft.3) 3,200 2,100 250 0 5,600
Log Steps - Sediment (Ft.3) 16,000 2,900 600 0 20,000

a
Data summarized from Table 1-8 in Appendix I.

bAll heights given in feet.
cP.E. = potential energy per unit mass of water (equivalent to relief).
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Figure 20. Composite existing and equilibrium longitudinal profiles after adjusting for falls and
log steps in the Stump Creek watershed (10 times exaggeration of vertical scale).
Tabular data describe proximity to equilibrium of the stream network.
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deposition with downcutting in first and third order streams. Evidence

of deposition is lacking in the fifth order stream, although the low

channel capacity contributes to frequent inundation of the floodplain.

Deposition would be inferred in the fourth and fifth order segments even

if fall obstructions dissipate 100 percent of the potential energy in

first order streams in the Stump Creek watershed.

Log steps store a total of 20,000 cubic feet (570 m3) of sediment in

the 5.79 miles (9.32 km) of streams surveyed (Table 11). By extrapolat-

ing the volume of sediment stored in surveyed third, fourth, and fifth

order streams to all streams in the basin of these orders, a total esti-

mated volume of 4,200 cubic feet (120 m
3

) is obtained. This volume is

then compared to the estimate of mean annual sediment yield of 12,000

cubic feet per year (340 m
3
/yr) for the Stump Creek watershed, derived

by the morphometric erosion factor (Figure 2). Assuming these calcula-

tions provide reliable estimates, mean annual sediment production yields

290 percent of the volume stored by log steps in third, fourth, and fifth

order streams. The total wood comprising log steps in third, fourth,

and fifth order streams of the Stump Creek watershed is similarly esti-

mated at 2,900 cubic feet (82 m3), or 35,000 board-feet.

CUMMINS CREEK

Cummins Creek becomes a fourth order stream before flowing directly

into the Pacific Ocean. The watershed area of 9.52 square miles (24.7

km2) is underlain by the Yachats Basalt aside from a small area underlain

by marine terrace deposits near the basin outlet (Figure 1). Considering
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morphometric factors used to derive landtypes, the index of mean annual

runoff for the Cummins Creek watershed (4.14) ranks ninth highest; the

index of mean annual base flow (48.2) ranks eighth; the index of mean

annual peak flow (23.0) ranks tenth; and the index of mean annual sedi-

ment yield (30.6) ranks third among the 13 study basins. The high value

for compaction coefficient reflects the elongate shape typical of study

basins underlain by the Yachats Basalt (Figure 21). Field survey data

are reported for a total of 8.46 miles (13.6 km) of the mainstream and

Little Cummins Creek (Figure 22). Clearcutting has removed only 6.22

percent of timber stands generated in the watershed since the Yaquina

Fire of 1868 and old-growth stands near the mouth on the valley bottom

and in upstream riparian situations. Examination of aerial photos pre-

dating timber harvest identifies coniferous forest stream adjacent cover

along 90 percent of the fourth, third, and second order streams surveyed.

A wide floodplain of low relief supplies abundant bedload material

during episodes of bank cutting. The mainstream channel is dominated by

gravel-cobble bars which isolate overflow channels and deflect stream-

flow against the banks. The position of channel bars is controlled large-

ly by instream large woody debris which initiates deposition of the coarse

bedload materials. The stream tends to meander where the floodplain in-

creases in width and where high stream loading of large woody debris oc-

curs. Flow deflection against channel banks accounts for the frequent

observation of fallen conifers which lie suspended over the stream. Where

the mainstream does not meander, long glides and deep pools are separated

by short, steep riffles. In many places, the riffles represent former

deposits behind log steps now being reworked by the stream. The lower
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Figure 21. Aerial photograph of the mainstream por-
tion of the Cummins Creek watershed. Note
the highly elongate shape of the basin typ-
ical of coastal watersheds underlain by the
Yachats Basalt. The non-circular basin
shape (high compactness coefficient) desyn-
chronizes storm runoff from perimeter
source areas.
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Figure 22. Geomorphic and silvicultural map of the Cummins Creek watershed (top) and Bob Creek watershed (bottom). Height of falls and log steps given in feet.
Clearcut units amount to 6.22 percent of the Cummins Creek watershed area and 1.54 percent of the Bob Creek watershed area. The area frequency of debris
torrents is 0.420 per square mile (0.162/km2) in the Cummins Creek watershed and 1.62 per square mile (0.625/km2) in the Bob Creek watershed.
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portion of Little Cummins Creek has been diverted along U.S. Highway 101,

entering Cummins Creek over a 10-foot (3 m) bedrock falls. Four debris

torrent tracks are present, two from road failures and two from undis-

turbed sites.

Log steps in third and fourth order streams surveyed dissipate 3.50

and 10.6 percent of potential stream energy respectively, with no log

steps observed in the single second order stream surveyed (Table 12). An

accumulation of drift logs from storm tidal surges is positioned at RM

0.21 (.34 km). A 12-foot (3.7 m) log step lies in the mainstream at the

foot of a debris torrent at RM 2.48 (3.99 km). Treefall accounts for the

majority of log steps wlong with boulder falls in the upper portion of

the mainstream and bedrock falls in Little Cummins Creek. All boulder

and bedrock falls are present in third order segments. The overall poten-

tial energy dissipation by falls and log steps amounts to 7.58 percent in

surveyed streams of the Cummins Creek watershed.

The X
2
values indicating proximity to equilibrium of the stream net-

work are 24.60 from map data only, 26.39 after adjusting for falls, and

10.20 after adjusting for log steps (Figure 23). All three calculated X2

values exceed the critical X
2
value of 7.82 at the 0.05 level of signifi-

cance for a fourth order stream network (three degrees of freedom). One

can only conclude that the stream network exhibits a significant deviation

from equilibrium. The increase of X
2

values after adjusting for falls

reveals they are located in the stream network where not needed for poten-

tial energy dissipation. However, the further adjustment for log steps

reduces the X
2

value to just greater than the critical X
2

value. Because

they are concentrated in the stream network where needed for potential
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FEATURE

1

STREAM ORDER

4

OVERALL

2 3

No. Streams Surveyed 0 1 2 1 4
Total Miles Surveyed 0 1.26 2.06 5.14 8.46
Total Relief Surveyed (Ft.) 0 180 1,200 520 1,900

N-Log Steps (Ht./No.)b 0/0 42/15 43/17 85/32H-Log Steps (Ht./No.) 0/0 0/0 12/1 12/1All Log Steps (Ht./No.) 0/0 42/15 55/18 97/33
P.E. Dissipation (%)c 0 3.50 10.6 5.11

N-Boulder Falls (Ht./No.) 0/0 12/6 0/0 12/6
N-Bedrock Falls (Ht./No.) 0/0 15/9 0/0 35/9
H-Fall Structures (Ht./No.) 0/0 0/0 0/0 0/0
All Falls (Ht./No.) 0/0 47/15 0/0 47/15
P.E. Dissipation (%) 0 3.92 0 2.47

Total P.E. Dissipation (%) 0 7.42 10.6 7.58

Log Steps - Wood (Ft.3) 0 88,000 32,000 120,000
Log Steps - Sediment (Ft.3) 0 14,000 20,000 34,000

a
Data summarized from Table 1-9 in Appendix I.

bAll heights given in feet.
cP.E. = potential energy per unit mass of water (equivalent to relief).
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DISTRIBUTION OF POTENTIAL STREAM ENERGY IN THE CUMMINS CREEK WATERSHED

From Map Data Only
After Adjusting for

Falls
After Adjusting for
Falls and Log Steps

Stream
Order

Mean
Length

Mean
Relief

Equilibrium
Relief

Mean
Relief

Equilibrium
Relief

Mean
Relief

Equilibrium
Relief

1 970 380 435 380 431 380 413
2 1,700 420 435 420 431 420 413
3 3,300 420 435 404 431 389 413
4 27,000 520 435 520 431 463 413

Total 32,970 1,740 1,740 1,724 1,724 1,652 1,652
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Figure 23. Composite existing and equilibrium longitudinal profiles after adjusting for falls and
log steps in the Cummins Creek watershed (10 times exaggeration of vertical scale).
Tabular data describe proximity to equilibrium of the stream network.
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energy dissipation, log steps nearly induce equilibrium conditions.

According to equilibrium criteria of the present study, first and third

order streams will experience progressive deposition, with downcutting

in second and fourth order streams. The lack of fine-sized particles and

extensive channel bars in the fourth order stream supports the conclusion

above. Deposition in third order streams would be mitigated if fall ob-

structions dissipate 30 percent of potential stream energy in first order

streams of the Cummins Creek watershed.

Log steps store a total of 34,000 cubic feet (960 m3) of sediment in

the 8.46 miles (13.6 km) of streams surveyed (Table 12). By extrapolat-

ing the volume of sediment stored in surveyed third and fourth order

streams to all streams in the basin of these orders, a total estimated

volume of 63,000 cubic feet (1800 m3) is obtained. This volume is then

compared to the estimate of mean annual sediment yield of 4,8,000 cubic

feet per year (1400 m
3
/yr) for the Cummins Creek watershed, derived by

the morphometric erosion factor (Figure 2). Assuming these calculations

provide reliable estimates, mean annual sediment production yields 76 per-

cent of the volume stored by log steps in third and fourth order streams.

The total wood comprising log steps in third and fourth order streams of

the Cummins Creek watershed is similarly estimated at 300,000 cubic feet

(8500 m3), or 3.6 million board-feet.

BOB CREEK

Bob Creek becomes a fourth order stream before flowing directly into

the Pacific Ocean. The watershed area of 6.17 square miles (16.0 km2) is
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underlain by the Yachats Basalt (Figure 1). Considering morphometric

factors used to derive landtypes, the index of mean annual runoff for the

Bob Creek watershed (3.63) ranks lowest; the index of mean annual base

flow (51.5) ranks seventh highest; the index of mean annual peak flow

(22.2) ranks eleventh; and the index of mean annual sediment yield (28.5)

ranks fifth among the 13 study basins. Field survey data are reported

for a total of 5.94 miles (9.56 km) of the meanstream (Figure 22). Clear-

cutting has removed only 1.54 percent of timber generated in the water-

shed since the Yaquina Fire of 1868. Examination of aerial photos pre-

dating timber harvest identifies coniferous forest stream adjacent cover

along 70 percent of the fourth order stream and along 80 percent of the

third order segment surveyed.

Cobble size material dominates the substrate of Bob Creek. The lack

of any well-developed channel bars reflects the inability of the stream

to rework particles of this size. The erosive action of high flows is

directed instead against channel banks causing shallow slides, bank under-

cutting, and a high channel width-to-depth ratio. The frequency of debris

torrents in the Bob Creek watershed exceeds that of all other study basins.

Log steps in third and fourth order streams surveyed dissipate 7.25

and 5.45 percent of potential stream energy respectively, even though the

influence of human activities is absent (Table 13). Bank undercutting

described above accelerates treefall with subsequent formation of log

steps. Debris torrents account for three log steps of moderate height.

Boulder falls are important only in the third order segment while bedrock

falls exert their influence in the fourth order segment. The overall



Table 13. Summary of field data for Bob Creek.a
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FEATURE

1

STREAM ORDER

4

OVERALL

2 3

No. Streams Surveyed 0 0 1 1 2
Total Miles Surveyed 0 0 4.21 1.73 5.94
Total Relief Surveyed (Ft.) 0 0 1,200 220 1,420

N-Log Steps (Ht. /No.)b 87/25 12/4 99/29
H-Log Steps (Ht./No.) -- 0/0 0/0 0/0
All Log Steps (Ht./No.) 87/25 12/4 99/29
P.E. Dissipation Mc -- 7.25 5.45 6.97

N-Boulder Falls (Ht./No.) 25/8' 0/0 25/8
N-Bedrock Falls (Ht./No.) 0/0 10/2 10/2
H-Fall Structures (Ht./No.) 0/0 0/0 0/0
All Falls (Ht./No.) 25/8 10/2 35/10
P.E. Dissipation (%) 2.08 4.55 2.46

Total P.E. Dissipation (%) 9.33 10.0 9.43

Log Steps - Wood (Ft.3) 140,000 19,000 160,000
Log Steps - Sediment (Ft.3) 40,000 11,000 51,000

a
Data summarized from Table I-10 in Appendix I.

bAll heights given in feet.
cP.E. = potential energy per unit mass of water (equivalent to relief)
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potential energy dissipation by falls and log steps amounts to 9.43 per-

cent in surveyed streams of the Bob Creek watershed.

The X
2
values indicating proximity to equilibrium of the stream net-

work are 288.31 from map data only, 284.68 after adjusting for falls, and

246.82 after adjusting for falls and log steps (Figure 24). All three

calculated X
2

values exceed the critical X
2

value of 7.82 at the 0.05

level of significance for a fourth order stream network (three degrees of

freedom). One can only conclude that the stream network exhibits a sig-

nificant deviation from equilibrium. The decrease of X
2

values after

adjusting for falls and then log steps reveals fall obstructions are lo-

cated in the stream network where needed for potential energy dissipation.

According to equilibrium criteria of the present study, first and third

order streams will experience progressive downcutting with deposition in

second and fourth order streams. The inferred trends of sediment produc-

tion are reversed from trends inferred for streams of the same order in

the Cummins Creek watershed. However, the lack of channel bars does in-

dicate that stream competance is insufficient to prevent progressive

deposition of coarse bedload material. Deposition in the fourth order

stream is inferred even if fall obstructions dissipate 100 percent of

potential stream energy in first and second order streams of the Bob Creek

watershed.

Log steps store a total of 51,000 cubic feet (1400 m3) of sediment

in the 5.94 miles (9.56 km) of streams surveyed (Table 13). By extrapolat-

ing the volume of sediment stored in surveyed third and fourth order

streams to all streams in the basin of these orders, a total estimated

volume of 53,000 cubic feet (1500 m3) is obtained. This volume is then
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DISTRIBUTION OF POTENTIAL STREAM ENERGY IN THE BOB CREEK WATERSHED

From Map Data Only
After Adjusting for

Falls
After Adjusting for
Falls and Log Steps

Stream
Order

Mean
Length

Mean
Relief

Equilibrium
Relief

Mean
Relief

Equilibrium
Relief

Mean
Relief

Equilibrium
Relief

1 1,100 440 445 440 438.75 440 422.75
2 1,500 400 445 400 438.75 400 422.75
3 12,000 720 445 705 438.75 653 422.75
4 9,100 220 445 210 438.75 198 422.75

Total 23,700 1,780 1,780 1,755 1,755 1,691 1,691

X
2

= 288.31 X
2

= 284.68 X
2

= 246.82

'SO. 11.001 10,100

I. MOTH (I,t)
:0000 13.000

Figure 24. Composite existing and equilibrium longitudinal profiles after adjusting for falls and
log steps in the Bob Creek watershed (10 times exaggeration of vertical scale).
Tabular data describe proximity to equilibrium of the stream network.
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compared to the estimate of mean annual sediment yield of 29,000 cubic

feet per year m3/yr) for the Bob Creek watershed, derived by the

morphometric erosion factor (Figure 2). Assuming these figures provide

reliable estimates, mean annual sediment production yields 55 percent of

the volume stored by log steps in third and fourth order streams. The

total wood comprising log steps in third and fourth order streams of

the Bob Creek watershed is similarly estimated at 170,000 cubic feet

(4800 m3), or two million board-feet.

ROCK CREEK

Rock Creek becomes a fourth order stream before flowing directly

into the Pacific Ocean. The watershed area of 6.27 square miles (16.2

km2) is underlain by the Yachats Basalt (Figure 1). Considering morpho-

metric factors used to derive landtypes, the index of mean annual runoff

for the Rock Creek watershed (4.80) ranks fifth highest; the index of

mean annual base flow (39.0) ranks tenth; the index of mean annual peak

flow (34.9) ranks second; and the index of mean annual sediment yield

(31.5) ranks second among the 13 study basins. Field survey data are re-

ported for a total of 5.41 miles (8.70 km) of the mainstream (Figure 25).

Clearcutting has removed only one percent of timber generated in the

watershed since the Yaquina Fire of 1868. Examination of aerial photos

identifies coniferous forest stream adjacent cover along 70 percent of

the fourth order stream and along 90 percent of the third order segment

surveyed.
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3 End of Survey

Figure 25. Geomorphic and silvicultural map of the Rock Creek watershed. Height of falls and log steps given in feet. Clearcut

units amount to 1.00 percent of the watershed area. The area frequency of debris torrents is 1.59 per square mile

(0.614/km2).
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The mainstream of Rock Creek is characterized by shallow glides and

pools separated by short, steep cobble riffles. Ten debris torrent

tracks are present with extensive debris fans at the mouth of scoured

tributaries. In places Rock Creek has downcut more than six feet (1.3 m)

through debris torrent deposits. Evidence of stream cleanout accounts

for the relative absence of instream large woody debris in the fourth

order stream. Valley bottom width becomes narrow along the third order

segment surveyed with frequent rockfalls contributing boulder size materi-

al to the channel.

Log steps in third and fourth order streams surveyed dissipate 5.0

and 5.98 percent of potential stream energy, respectively (Table 14).

Dietrich (1975) reports four percent of stream relief dissipated by log

steps with an additional six percent by bedrock falls in Rock Creek.

These figures compare favorably with observed values in the present study

of 5.6 percent by log steps and 7.0 percent by bedrock falls. Boulder

falls become important in the third order segment while bedrock falls

exert their greatest influence on the fourth order segment. The overall

potential energy dissipation by falls and log steps amounts to 25.7 per-

cent in surveyed streams of the Rock Creek watershed, highest among all

study basins.

The X
2
values indicating proximity to equilibrium of the stream net-

work are 383.11 from map data only, 330.32 after adjusting for falls, and

285.42 after adjusting for falls and log steps (Figure 26). All three

calculated X
2

values exceed the critical X
2

value of 7.82 at the 0.05

level of significance for a fourth order stream network (three degrees of

freedom). One can only conclude that the stream network exhibits a



118

Table 14. Summary of field data for Rock Creek.a

FEATURE

1

STREAM ORDER

4

OVERALL

2 3

No. Streams Surveyed 0 0 1 1 2
Total Miles Surveyed 0 0 .570 4.84 5.41
Total Relief Surveyed (Ft.) 0 0 520 820 1,340

N-Log Steps (Ht./No.)b 26/6 49/13 75/19
H-Log Steps (Ht./No.) 0/0 0/0 0/0
All Log Steps (Ht./No.) 26/6 49/13 75/19
P.E. Dissipation (%)c 5.00 5.98 5.60

N-Boulder Falls (Ht./No.) ..... 150/12 26/13 176/25
N-Bedrock Falls (Ht./No.) 13/3 81/17 94/20
H-Fall Structures (Ht./No.) 0/0 0/0 0/0
All Falls (Ht./No.) -- 163/15 107/30 270/45
P.E. Dissipation (%) 31.3 13.0 20.1

Total P.E. Dissipation (%) 36.3 19.0 25.7

Log Steps - Wood (Ft.3) 2,200 10,000 12,000
Log Steps - Sediment (Ft.3) 4,400 17,000 21,000

a

bAll
summarized from Table I-11 in Appendix I.

'All heights given in feet.
cP.E. = potential energy per unit mass of water (equivalent to relief).
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DISTRIBUTION OF POTENTIAL STREAM ENERGY IN THE ROCK CREEK WATERSHED

From Map Data Only
After Adjusting for

Falls
After Adjusting for
Falls and Log Steps

Stream
Order

Mean
Length

Mean
Relief

Equilibrium
Relief

Mean
Relief

Equilibrium
Relief

Mean
Relief

Equilibrium
Relief

1 800 340 457.5 340 404.5 340 388
2 1,300 330 457.5 330 404.5 330 388
3 1,700 340 457.5 235 404.5 218 388
4 26,000 820 457.5 713 404.5 664 388

Total 28,800 1,830 1,830 1,618 1,618 1,552 1,552

X
2

= 383.11 X
2

= 330.32 X
2

= 285.42

5000 10.000 15,000 20.000 25,000 30,000
1.11,10TH (rI)

Figure 26. Composite existing and equilibrium longitudinal profiles after adjusting for falls and
log steps in the Rock Creek watershed (10 times exaggeration of vertical scale).
Tabular data describe proximity to equilibrium of the stream network.
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significant deviation from equilibrium, largest among the study basins.

The decrease of X
2
values after adjusting for falls and then log steps

reveals that fall obstructions are located in the stream network where

needed for potential energy dissipation. According to equilibrium cri-

teria of the present study, the fourth order stream will experience pro-

gressive downcutting with deposition in first, second, and third order

streams. Deposition in third order streams is inferred even if all ob-

structions dissipate 100 percent of potential energy in first and second

order streams of the Rock Creek watershed.

Log steps store a total of 21,000 cubic feet (590 m3) of sediment in

the 5.41 miles (8.70 km) of streams surveyed (Table 14). By extrapolating

the volume of sediment stored in surveyed third and fourth order streams

to all streams in the basin of these orders, a total estimated volume of

40,000 cubic feet (1100 m3) is obtained. This volume is then compared

to the estimate of mean annual sediment yield of 32,000 cubic feet per

year (910 m3/yr) for the Rock Creek watershed, derived by the morphometric

erosion factor (Figure 2). This figure compares favorably with the value

of 1673 tons per year, or 33,000 cubic feet per year (930 m3/yr) derived

by Dietrich (1975) for suspended load and bedload in a study of the sedi-

ment budget of the Rock Creek watershed. Assuming these figures provide

reliable estimates, mean annual sediment production yields 80 percent of

the volume stored by log steps in third and fourth order streams. The

total wood comprising log steps in third and fourth order streams of

the Rock Creek watershed is similarly estimated at 21,000 cubic feet

(590 m3), or 250,000 board-feet.
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BIG CREEK--LANE COUNTY

Big Creek in Lane County becomes a fifth order stream before flowing

directly into the Pacific Ocean. The watershed area of 15.2 square miles

(39.4 km2) is underlain by the Yachats Basalt in the lower portion and by

the Flournoy Formation in the upper portion (Figure 1). A streamgage

maintained by the U.S. Geological Survey has been present on Big Creek- -

Land County at RN 3.20 (5.15 km) since 1972. The record minimum discharge

is 4.5 cfs (0.127 m
3
/sec) in October, 1972, the record maximum discharge

is 2,150 cfs (60.9 m3/sec) in November, 1975, and the average discharge

is 97.3 cfs (2.76 m
3
/sec). It should be noted that morphometric measure-

ments and field data include portions of the watershed downsteram from

the streamgage. Considering morphometric factors used to derive land-

types, the index of mean annual runoff for the Big Creek--Lane County

watershed (3.73) ranks twelfth highest; the index of mean annual base flow

(56.5) ranks fourth; the index of mean annual peak flow (18.6) ranks

twelfth; and the index of mean annual sediment yield (25.3) ranks seventh

among the 13 study basins. Field survey data are reported for a total of

12.8 miles (20.6 km) of the mainstream, tributary A, tributary B, tribu-

tary C, and tributary D (Figure 27). Clearcutting has removed 8.3 per-

cent of timber generated in the watershed since the Yaquina Fire of 1868.

Examination of aerial photos predating timber harvest identifies conifer-

ous forest stream adjacent cover along 50 percent of the fifth order

streams, along 90 percent of the fourth order segments, and along 80

percent of the third order segments surveyed.
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Figure 27. Geomorphic and silvicultural map of the Big Creek--Lane County watershed. Height of falls and log steps given in feet. Clearcut units amount to 8.30 percent of the watershedarea. The area frequency of debris torrents is 0.263 per square mile (0.102/km2).
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The lower portion of Big Creek--Lane County flows through an alluvial

lowland in a meandering and occassionally braided pattern with low cut

banks and broad gravel point bars. Gravel disappears from the channel

substrate as valley bottom width devreases at RM 2.5 (4.02 km). The

remaining length of the mainstream is dominated by shallow glides and

deep pools separated by short, steep riffles composed of cobble size

material. Four debris torrent tracks are evident as well as numerous but

small streamside slumps along tributaries.

Log steps in third, fourth, and fifth order streams dissipate 4.57,

14.5, and 2.68 percent of potential stream energy, respectively (Table

15). A debris torrent created a large log step at RM 2.66 (4.28 km) which

has since expanded by flotation (Figure 28). Boulder and bedrock falls

become important in the third order segments. The overall potential

energy dissipation by falls and log steps amounts to 10.3 percent in sur-

veyed streams of the Big Creek--Lane County watershed.

The X
2
values indicating proximity to equilibrium of the stream net-

work are 204.20 from map data only, 214.64 after adjusting for falls, and

238.29 after adjusting for falls and log steps (Figure 29). All three

calculated X
2

values exceed the critical X
2

value of 9.49 at the 0.05

level of significance for a fifth order stream network (four degrees of

freedom). One can only conclude that the stream network exhibits a sig-

nificant deviation from equilibrium. The increase of X
2

values after

adjusting for falls and then log steps reveals that fall obstructions are

located in the stream network where not needed for potential energy dis-

sipation. According to the equilibrium criteria of the present study,

the first, second, and fifth order streams will experience progressive



Figure 28. Approximately 3,500 cubic feet (99 m3)
of sediment are stored behind a log jam
at RM 2.66 (4.28 km) of Big Creek--Lane
County. The jam began as a debris tor-
rent deposit and has expanded by trap-
ping material floated from upstream.
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Table 15. Summary of field data for Big Creek-- Lane County.a

FEATURE

1 2

STREAM ORDER

5

OVERALL

3 4

No. Streams Surveyed 0 0 5 2 1 8
Total Miles Surveyed 0 0 5.33 1.19 6.31 12.8
Total Relief Surveyed (Ft.) 0 0 1,400 200 410 2,010

N-Log Steps (Ht./No.)b 46/19 12/3 7/3 65/25
H-Log Steps (Ht./No.) 18/4 17/3 4/2 39/9
All Log Steps (Ht./No.) 64/23 29/6 11/5 104/34
P.E. Dissipation (%)c 4.57 14.5 2.68 5.17

N-Boulder Falls (Ht./No.) -- 57/11 7/2 7/1 71/14
N- Bedrock Falls (Ht./No.) -- 25/6 6/2 0/0 31/8
H -Fall Structures (Ht./No.) -- 2/1 0/0 0/0 2/1
All Falls (Ht./No.) 84/18 13/4 7/1 104/23
P.E. Dissipation (%) 6.00 6.50 1.71 5.17

Total P.E. Dissipation (%) -- 10.6 21.0 4.39 10.3

Log Steps - Wood (Ft.3) 12,000 16,000 42,000 70,000
Log Steps - Sediment (Ft.3) 13,000 7,600 6,600 27,000

a
,Data summarized from Table 1-12 in Appendix I.
'All heights given in feet.
cP.E. = potential energy per unit mass of water (equivalent to relief).
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DISTRIBUTION OF POTENTIAL STREAM ENERGY IN THE BIG CREEK--LANE COUNTY WATERSHED

From Map Data Only
After Adjusting for

Falls
After Adjusting for
Falls and Log Steps

Stream
Order

Mean
Length

Mean
Relief

Equilibrium
Relief

Mean
Relief

Equilibrium
Relief

Mean
Relief

Equilibrium
Relief

1 1,200 390 314 390 307.8 390 299.6
2 1,900 370 314 370 307.8 370 299.6
3 3,400 300 314 282 307.8 267 299.6
4 3,100 100 314 94 307.8 79 299.6
5 33,000 410 314 403 307.8 392 299.6

Total 42,600 1,570 1,570 1,539 1,539 1,498 1,498

X
2

= 204.20
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X
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Figure 29. Composite existing and equilibrium longitudinal orofiles after adjusting for falls and log
steps in the Big Creek--Lane County watershed (10 times exaggeration of vertical scale).
Tabular data describe proximity to equilibrium of the stream network.
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downcutting, with deposition in third and fourth order streams. The

lack of fine-sized particles in the fifth order stream substrate sup -.

ports the conclusion that excess potential energy is available in the

stream over what is needed to balance sediment inputs from upstream.

Any dissipation of potential energy in first and second order streams

will only accentuate the downcutting trend described above. Deposition

in fourth order segments is inferred even if fall obstructions dissipate

100 percent of potential energy in first and second order streams.

Log steps store a total of 27,000 cubic feet (760 m3) of sediment

in the 12.8 miles (20.6 km) of streams surveyed (Table 15). By extrapo-

lating the volume of sediment stored in surveyed third, fourth, and

fifth order streams to all streams in the basin of these orders, a total

estimate volume of 30,000 cubic feet (850 m
3

) is obtained. This volume

is then compared to the estimate of mean annual sediment yield of 64,000

cubic feet per year (1800 m
3
/yr) for the Big Creek--Lane County water-

shed, derived by the morphometric erosion factor (Figure 2). Assuming

these figures provide reliable estimates, mean annual sediment production

yields 210 percent of the volume stored by log steps in third, fourth,

and fifth order streams. The total wood comprising log steps in third,

fourth, and fifth order streams of the Big Creek--Lane County watershed

is similarly estimated at 72,000 cubic feet (2000 m3), or 860,000 board-

feet.
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CAPE CREEK--LANE COUNTY

Cape Creek in Lane County becomes a fifth order stream before flow-

ing directly into the Pacific Ocean. The watershed area of 12.3 square

miles (31.9 km2) is underlain by the Yachats Basalt aside from small

areas underlain by marine terrace deposits and the Flournoy Formation

near the basin outlet (Figure 1). Considering morphometric factors used

to derive landtypes, the index of mean annual runoff for the Cape Creek--

Lane County watershed (4.68) ranks along with that of Elkhorn Creek as

sixth highest; the index of mean annual base flow (96.4) ranks highest;

the index of mean annual peak flow (23.3) ranks eighth; and the index of

mean annual sediment yield (27.9) ranks sixth among the 13 study basins.

Field survey data are reported for a total of 14.9 miles (24.0 km) of

the mainstream, Wapiti Creek, tributary A, North Fork, tributary B, and

tributary C (Figure 30). Clearcutting has removed 39.9 percent of timber

generated in the watershed since the Yaquina Fire of 1868. Examination

of aerial photos predating timber harvest identifies coniferous forest

stream adjacent cover along 50 percent of the fifth order stream, along

90 percent of the fourth order streams, and along 80 percent of the third

order segments surveyed.

The mainstream below the junction with Wapiti Creek flows through an

alluvial lowland with a braided pattern. Low channel capacity and exten-

sive gravel-cobble mid-channel bars are left from an extensive gravel

mining operation in the late 1950s. Above the junction with Wapiti Creek,

valley side slopes encroach on the mainstream with frequent treefall.

The lower portion of Wapiti Creek flows over bedrock with treefall from
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Figure 30. Geomorphic and silvicultural map of the Cape Creek--Lane County watershed. Height of falls and log steps given in feet. Clearcut units amount
to 39.9 percent of the watershed area. The area frequency of debris torrents is 1.06 per square mile (0.409/km2).
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steep adjacent hillslopes. The upper portion of Wapiti Creek, tributary

B, and the middle portions of the mainstream have received massive debris

torrent deposits from steep tributaries. Large conifers have been left

in the North Fork channel as part of logging debris from a 1949 clearcut

unit.

Log steps in second, third, fourth, and fifth order streams surveyed

dissipate 3.82, 8.45, 7.68, and 2.33 percent of potential stream energy,

respectively (Table 16). Log steps are absent in the 1.35 miles (2.17 km)

of first order streams surveyed despite heavy stream loading of large

woody debris. Log steps do not form because of the small channel area

with steep stream adjacent slopes. The relative lack of log steps in the

fifth order segment is attributed to removal during timber harvest in the

mid 1950s and to subsequent replacement of stream adjacent conifers by

red alder. Displacement of red alder logs which fall across the stream

occurs more readily than with conifers. Red alder is also more suscepti-

ble to physical breakdown and decomposition. Debris torrents account for

eight log steps in second, third, and fourth order streams with a cumula-

tive height of 58 feet (18 m) (Figure 31). Bedrock and boulder falls are

most important in third order streams. The overall potential energy dis-

sipation by falls and log steps amounts to 9.72 percent in surveyed

streams of the Cape Creek--Lane County watershed.

The X
2 values indicating proximity to equilibrium of the stream net-

work are 60.53 from map data only, 61.54 after adjusting for falls, and

67.41 after adjusting for falls and log steps (Figure 32). All three

calculated X
2

values exceed the critical X
2

value of 9.49 at the 0.05

level of significance for a fifth order stream network (four degrees of
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Table 16. Summary of field data for Cape Creek-- Lane County.a

FEATURE

1 2

STREAM ORDER

5

OVERALL

3 4

No. Streams Surveyed 1 2 6 3 1 13
Total Miles Surveyed 1.35 .920 6.14 2.62 3.91 14.9
Total Relief Surveyed (Ft.) 520 680 2,200 560 300 4,260

N-Log Steps (Ht. /No.)b 0/0 8/2 107/30 43/13 1/1 159/46
H-Log Steps (Ht./No.) 0/0 13/3 79/18 0/0 6/1 103/22
All Log Steps (Ht./No.) 0/0 26/5 186/48 43/13 7/2 262/68
P.E. Dissipation (%)c 0 3.82 8.45 7.68 2.33 6.15

N-Boulder Falls (Ht./No.) 0/0 12/3 76/13 19/5 0/0 107/21
N-Bedrock Falls (Ht./No.) 10/1 0/0 21/5 6/3 8/2 45/11
H-Fall Structures (Ht./No.) 0/0 0/0 0/0 0/0 0/0 0/0
All Falls (Ht./No.) 10/1 12/3 97/18 25/8 8/2 152/32
P.E. Dissipation (%) 1.92 1.76 4.41 4.46 2.67 3.57

Total P.E. Dissipation (%) 1.92 5.58 12.9 12.1 5.00 9.72

Log Steps - Wood (Ft.3) 0 29,000 400,000 64,000 13,000 510,000
Log Steps - Sediment (Ft.3) 0 18,000 130,000 36,000 4,300 190,000

a
Data summarized from Table 1-13 in Appendix I.

bAll heights given in feet.
cP.E. = potential energy per unit mass of water (equivalent to relief).
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Figure 31. A total of 81,000 cubic feet (2,300 m
3

)

of sediment are stored behind seven log
steps in Wapiti Creek and tributary B
of Cape Creek--Lane County created by
debris torrents. This volume represents
145 percent of the mean annual sediment
yield for the Cape Creek--Lane County
watershed estimated by the morphometric
erosion factor.
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Falls
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Stream
Order

Mean
Length

Mean
Relief
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Relief

Mean
Relief

Equilibrium
Relief

Mean
Relief

Equilibrium
Relief

1 1,000 360 302 353 293 353 280.6
2 1,800 310 302 304 293 293 280.6
3 5,100 350 302 335 293 305 280.6
4 4,800 190 302 181 293 167 280.6
5 21,000 300 302 292 293 285 280.6

Total 33,700 1,510 1,510 1,465 1,465 1,403 1,403

X
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= 60.53 X
2

= 61.54 X
2

= 67.41
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Figure 32. Composite existing and equilibrium longitudinal profiles after adjusting for falls and
log steps in the Cape Creek--Lane County watershed (10 times exaggeration of vertical
scale). Tabular data describe proximity to equilibrium of the stream network.
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freedom). One can only conclude that the stream network exhibits a sig-

nificant deviation from equilibrium. The increase of X
2

values after

adjusting for falls and then log steps reveals that fall obstructions

are located in the stream network where not needed for potential energy

dissipation. According to the equilibrium criteria of the present study,

the fourth order segments will experience progressive deposition with

downcutting in segments of all other orders. The inferred trends for

third, fourth, and fifth order streams persist even if fall obstructions

dissipate 100 percent of potential energy in first and second order

streams throughout the basin. Theinferred trend toward downcutting of

the fifth order stream contradicts field evidence of aggradation. Part

of this contradiction may be explained by the extensive gravel mining

operation along lower Cape Creek--Lane County in the late 1950s. Above

this reach, fine-sized particles are absent from the channel substrate

and rip-rap is employed to prevent stream erosion of a stream adjacent

roadbank.

Log steps store a total of 190,000 cubic feet (5400 m3) of sediment

in the 14.9 miles (24.0 km) of streams surveyed (Table 16). By extrapo-

lating the volume of sediment stored in surveyed third, fourth, and fifth

order streams to all streams in the basin of these orders, a total estima-

ted volume of 190,000 cubic feet (5400 m3) is obtained. This volume is

then compared to the estimate of mean annual sediment yield of 56,000

cubic feet per year (1600 m3/yr) for the Cape Creek--Lane County water-

shed derived by the morphometric erosion factor (Figure 2). Assuming

these figures provide reliable estimates, mean annual sediment production

yields 29 percent of the volume stored by log steps in third, fourth, and
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fifth order streams. The total wood comprising log steps in third,

fourth, and fifth order streams of the Cape Creek--Lane County watershed

is similarly estimated at 520,000 cubic feet (15,000 m3), or 6.2 million

board-feet.



136

V. SYNTHESIS

In the 102 miles (164 km) of streams surveyed within the 13 study

basins, a total of 413 log steps are present with a cumulative height of

1,306 feet (398 m). Natural causes, principally treefall, account for 80

percent of the total number and 74 percent of the total height of log

steps (Table 17). Debris torrents (from undisturbed and disturbed sites)

are responsible for only 5.3 percent of the total number of log steps but

are found with a mean height of 6.7 feet (2.0 m), exceeding values for

log steps from all other origins. Overall, the mean height of log steps

is 3.2 feet (0.98 m), although the mean height of H-log steps at 4.2 feet

(1.3 m) is one and one-half times as great as the mean height of N-log

steps. The potential energy dissipation by all log steps amounts to 6.09

percent, including 4.49 percent by N-log steps and 1.60 percent by H-log

steps. The overall dissipation of potential stream energy by log steps

in the present study does not approach the figures reported in the litera-

ture for other forest regions. A great portion of the discrepancy is

attributed to the failure of past studies to distinguish the dissipation

of potential energy by log steps from the dissipation of kinetic energy

by instream large woody debris. The figure of 6.09 percent in the present

study may be deflated by the relative shortage of field data from first

order streams. However, the total of 1.35 miles (2.17 km) surveyed in

first order streams alone exceeds that used by Heede (1972, 1975, 1976),

Keller and Tally (1979), Swanson et al. (1976), and Bilby (1979) to derive

their figures. The data reported by Dietrich (1975) is obtained over a

stream length (5.59 miles or 9.0 km) sufficient to support his conclusion
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Table 17. Summary of field data for all study basins.a

FEATURE

1

STREAM ORDER

2 3 4 5

OVERALL

No. Streams Surveyed 1

Total Miles Surveyed 1.35

Total Relief Surveyed (Ft.) 520

N-Log Steps (Ht./No.)b 0/0
H-Log Steps (Ht./No.) 0/0
All Log Steps (Ht./No.) 0/0
P.E. Dissipation Mc 0

N-Boulder Falls (Ht./No.) 0/0
N-Bedrock Falls (Ht./No.) 10/1

H-Fall Structures (Ht./No.) 0/0
All Falls (Ht./No.) 10/1

P.E. Dissipation (%) 1.92

Total P.E. Dissipation (%) 1.92

7 33 22

3.76 37.9 36.5

1,540 11,880 6,100

39/15 577/202 338/109
22/6 193/44 116/27
61/21 770/246 454/136
3.96 6.49 7.44

17/5 403/74 306/72
33/5 213/45 216/62
0/0 15/4 7/2

50/10 631/123 529/136
3.25 5.31 8.67

7.21 11.8 16.1

7 70
22.0 102

1,390 21,430

9/5 963/331
12/5 343/82
21/10 1306/413
1.51 6.09

8/2 734/153
44/17 516/130
0/0 22/6
52/19 1272/289
3.74 5.93

5.25 12.0

Log Steps - Wood (Ft.3) 0 36,000 760,000 600,000 57,000 1,500,000
Log Steps - Sediment (Ft. ) 0 35,000 250,000 190,000 11,000 490,000

a
Data summarized from Tables 4-16.

b
All heights given in feet.

c
P.E. = potential energy per unit mass of water (equivalent to relief).
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that log steps dissipate 4.0 percent of potential stream energy. This

latter figure agrees favorably with results of the present study derived

from 102 stream miles (164 km) of data.

A total of 289 falls are present in the study streams with a cumula-

tive height of 1,272 feet (388 m). Boulder falls account for 53 percent

of the total number and 58 percent of the total height of falls. Although

the frequency and cumulative height of falls is less than the correspond-

ing values for log steps, the mean height of falls at 4.4 feet (1.3 m)

exceeds that of log steps. The potential energy dissipation by boulder

and bedrock falls amounts to 5.93 percent. The overall potential energy

dissipation by falls and log steps is 12.0 percent (Table 17).

The stream network in the Elkhorn Creek watershed is the only one

among the 13 study basins that does not exhibit a statistically signifi-

cant deviation from equilibrium at the 0.05 level before adjusting for

log steps. However, the deviation from equilibrium becomes significant

when potential energy dissipation by log steps is included.

The Wilcoxon test for paired measurements demonstrates whether falls

and/or log steps cause a statistically significant overall difference in

the proximity to equilibrium of stream networks in the 13 study basins.

Falls improve the proximity to equilibrium of stream networks in the fol-

lowing watersheds: Scott Creek, Cape Creek--Lincoln County, Bob Creek,

and Rock Creek (Table 18). That is, for the basins mentioned falls are

located in the stream network where needed to dissipate potential energy.

Falls decrease the proximity to equilibrium in the nine other study

basins. The calculated T value exceeds the critical T value at the 0.05

level revealing that falls do not cause a significant overall difference
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Table 18. Wilcoxon test for significant differences in the proximity to
equilibrium caused by falls.

A B

X
2
/U From Map X

2
/U After Adjust-

Basin Data Only ing for Falls 1A-B1 Rank A>B B>A

1 12.17 14.07 1.90 9 9

2 11.91 13.66 1.75 8 8
3 0.533 1.44 0.91 4 4

4 85.90 38.06 47.84 13 13
5 3.35 3.74 0.39 2 2

6 45.80 49.54 3.74 11 11

7 38.00 36.40 1.60 7 7

8 31.36 32.36 1.00 5.5 5.5
9 6.15 6.60 0.45 3 3

10 72.08 71.08 1.00 5.5 5.5
11 95.78 82.58 13.20 12 12
12 40.84 42.92 2.08 10 10
13 12.11 12.31 0.20 1 1

37.5 53.5

N = 13
Calculated T = 37.5
Critical T = 17 at the 0.05 level

Conclude: the difference in the proximity to equilibrium caused by falls
is not significant at the 0.05 level.
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in the proximity to equilibrium of stream networks in the 13 study

basins.

Log steps improve the proximity to equilibrium of stream networks in

the following watersheds: North Fork Beaver Creek, Scott Creek, Cape

Creek--Lincoln County, Cummins Creek, Bob Creek, Rock Creek, and Big

Creek--Lane County (Table 19). That is, for the basins mentioned, log

steps are located in the stream network where needed for dissipation of

potential energy. Log steps decrease the proximity to equilibrium in the

other six study basins. The calculated T value again exceeds the critical

T value indicating that log steps do not cause a significant overall dif-

ference in the proximity to equilibrium of stream networks in the study

basins.

Falls and log steps together improve the proximity to equilibrium of

stream networks in the following watersheds: Scott Creek, Cape Creek- -

Lincoln County, Cummins Creek, Bob Creek, and Rock Creek (Table 20). That

is, for the basins mentioned fall obstructions are located in the stream

network where needed for dissipation of potential energy. Fall obstructions

decrease the proximity to equilibrium in the other eight study basins. The

calculated T value again exceeds the critical T value revealing that falls

and log steps together do not cause a significant overall difference in

the proximity to equilibrium of stream networks in the study basins.

Log steps store a total of 490,000 cubic feet (14,000 m3) of sediment

in the 102 miles (164 km) of streams surveyed (Table 17). By summing the

estimated volume of sediment stored by log steps in all third, fourth,

and fifth order streams from each study basin, a total estimated volume

of 550,000 cubic feet (16,000 m3) is obtained. This volume is then
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Table 19. Wilcoxon test for significant differences in the proximity to
equilibrium caused by log steps.

Basin

A

X
2
/U After Adjust- X

2
/U After Adjusting

ing for Falls for Falls & Log Steps IA-BI Rank A >B B>A

1 14.07 12.46 1.61 6 6
2 13.66 14.49 0.83 3 3

3 1.44 2.58 1.14 4 4
4 38.06 31.28 6.78 11

5 3.74 3.88 0.14 1 1

6 49.54 55.28 5.74 10 10
7 36.40 33.21 3.19 7 7

8 32.36 32.94 0.58 2 2

9 6.60 2.55 4.05 8 8
10 71.08 61.70 9.38 12 12
11 82.58 71.40 11.18 13 13
12 42.92 47.66 4.74 9 9

13 12.31 13.48 1.17 5 5

25 66

N = 13
Calculated T = 25
Critical T = 17 at the 0.05 level

Conclude: the difference in the proximity to equilibrium caused by log
steps is not significant at the 0.05 level.
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Table 20. Wilcoxon test for significant differences in the proximity to
equilibrium caused by the combined effects of falls and log
steps.

Basin

A

X
2
/U From Map X

2
/U After Adjusting

Data Only for Falls & Log Steps IA-En Rank A>B B>A

1 12.17 12.46 0.29 1 1

2 11.91 14.49 2.58 6 6

3 0.53 2.58 2.05 5 5

4 85.90 31.28 54.60 13 13

5 3.35 3.88 0.53 2 2

6 45.80 55.28 9.48 10 10

7 38.00 33.21 4.79 8 8
8 31.36 32.94 1.58 4 4

9 6.15 2.55 3.60 7 7

10 72.08 61.70 10.40 11 11

11 95.78 71.40 24.40 12 12

12 40.84 47.66 6.82 9 9

13 12.11 13.48 1.37 3 3

40 51

N = 13
Calculated T = 40
Critical T = 17 at the 0.05 level

Conclude: the difference in the proximity to equilibrium caused by the
combined effects of falls and log steps is not significant at
the 0.05 level.
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compared to a sum of the estimated mean annual sediment yields from each

study basin of 450,000 cubic feet per year (13,000 m3/yr) derived by the

morphometric erosion factor. Assuming these figures provide reliable

estimates, mean annual sediment production yields 82 percent of the volume

stored by log steps in third, fourth, and fifth order streams. This

figure exceeds values reported in the literature for mean annual sediment

yield as a percent of the volume stored by log steps. However, it should

be noted that calculations of sediment storage by log steps in the present

study are restricted to third, fourth, and fifth order streams. The total

wood comprising log steps in third, fourth, and fifth order streams of the

study basins is similarly estimated at 2,100,000 cubic feet (59,000 m3),

or 25 million board-feet. This volume represents 7.5 percent of the mean

annual timber harvest for the entire Siuslaw National Forest over the

period of 1972-1976.

SPATIAL VARIATION BY STREAM ORDER

When the field data are stratified by stream order, differences come

to light regarding the frequency of log steps and relative importance of

contributing factors to log step development (Figure 33). Log steps

created by natural treefall are most frequent in third order streams.

While the actual process of treefall may occur most often in first and

second order streams, log steps do not fully develop because the "V-notch"

topography prevents positioning of logs across the narrow channel width.

In fourth and fifth order streams, competant storm flows tend to remove

instream large woody debris left from treefall before log steps can



10

=* I
0
2
M

0
O

O

2

.01
2 3

STREAM ORDER

4

144

Figure 33. The frequency of log steps (including those
ascribed to specific causes) as a function of
stream order. The diagram does not necessarily
reflect the relative frequency of treefall,
debris torrents, flotation, and buffer blowdown,
but rather the frequency of log steps created by
those processes.
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develop. Moreover, one may reasonably assume that stream input of large

woody debris from hillslopes varies inversely with floodplain width.

Third order streams provide a compromising site where lags can span the

active channel width and remain stable during storm peak flows. Removal

of log steps by channel scour during debris torrents is usually restricted

to first and second order streams. For similar reasons, log steps created

by buffer blowdown are most frequent in third order streams. In addition,

buffer strips are generally absent along first and second order streams.

The frequency of log steps created by debris torrents (from un-

disturbed and disturbed sites) decreases as stream order increases.

Debris torrents originating in first order streams leave log steps which

remain stable in second and third order streams but which are often

breached in fourth and fifth order streams. The decrease with stream

order of log steps created by flotation is not unexpected considering the

likely removal or breaching of log steps by competant storm flows in high

order streams.

The combination of all contributing factors to log step development

leads to the highest concentration of log steps in third order streams at

6.49 per mile (4.03/km). Spot checking of first order streams in addi-

tion to the 1.35 miles (2.17 km) described for Cape Creek--Lane County

reveals that log steps dissipate a negligible percent of potential stream

energy. Multiple regression using stream order, channel gradient, and

percent channel length with coniferous forest stream adjacent cover only

accounts for 21 percent of the variation in frequency of log steps. How-

ever, the Kruskal-Wallis test demonstrates that differences in the fre-

quency of log steps between second, third, fourth, and fifth order



146

streams are significant at the 0.05 level (Table 21).

A somewhat different picture develops upon considering the dissipa-

tion of potential energy by falls and log steps in streams of different

order (Figure 34). In all cases, the dissipation of potential energy

reaches a maximum in fourth order streams. Stream downcutting to bedrock

in fourth order streams of the sedimentary basins creates a number of

falls, or nickpoints, over bedding planes. The location of fifth order

segments in broad alluvial lowlands and at the base of colluvial foot-

slopes results in burial of bedrock beneath unconsolidated deposits. Spot

checking of first order streams indicates dissipation of potential energy

may approximate 60 percent by bedrock falls in first order streams of ig-

neous basins and 40 percent by boulder falls in sedimentary basins. The

mean height of log steps in fourth order streams exceeds that of third

order streams further accounting for the greatest dissipation of potential

energy in fourth order streams in spite of the lower frequency of fall

obstructions. Many log steps observed in fourth order streams have ex-

panded by trapping material floated from upstream. The Kruskal-Wallis

test demonstrates that differences in the percent of potential energy dis-

sipated by log steps between second, third, fourth, and fifth order

streams are significant at the 0.05 level (Table 22).

The mean relief of first order streams is greater than the equilib-

rium relief (after adjusting for falls and log steps) in 11 of the 13

study basins. However, the mean relief of first order streams is not ad-

justed for falls and log steps because of the relative shortage of field

data for first order streams. It is noteworthy that where aggradation is

infered for higher order streams, the trend toward progressive deposition



Table 21. Kruskal-Wallis test for significant differences in the frequency of log steps (N&H) between
second, third, fourth, and fifth order streams.

Order
a

Frequency
b

Rank Order
a

Frequency
b

Rank Order
a

Frequency
b

Rank Order
a

Frequency
b

Rank

2(1) 16.7 37 3(1) 7.92 30.5 4(1) 5.78 25 5(1) 0.212 5

2(2) 11.1 35 3(2) 5.75 24 4(2) 0 2.5 5(4) 0 2.5
2(8) 7.92 30.5 3(3) 7.41 28 4(3) 2.64 14 5(5) 0.223 6

2(9) 0 2.5 3(4) 9.52 32 4(4) 3.72 18 5(6) 1.58 10
2(13) 5.43 23 3(5) 3.57 17 4(5) 1.54 9 5(8) 0 2.5

3(6) 9.81 33 4(6) 13.5 36 5(12) 0.792 8

n = 5 Total = 128 3(7) 4.12 19 4(8) 2.06 12 5(13) 0.512 7

Weighted Mean = 5.59
3(8)

3(9)

2.05
7.28

11

27

4(9)
4(10)

3.50
2.31

16

13 n = 7 Total = 41

3(10)

3(11)

5.94
10.5

26

34

4(11)
4(12)

2.69
5.04

15

22
Weighted Mean = 0.455

3(12) 4.32 20 4(13) 4.96 21

3(13) 7.82 29

n = 13 Total = 330.5

Weighted Mean = 6.49

N = 13
k = 4
Calculated H = 17.1
Critical H = 7.82 at the 0.05 level

n = 12 Total = 203.5

Weighted Mean = 3.73

Conclude: differences in the frequency of log steps (N&H) between second, third, fourth, and fifth
order streams are significant at the 0.05 level.

bBasin number in parentheses.
Frequency given in number per mile.
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Figure 34. The dissipation of potential stream energy
(relief) by fall obstructions as a function
of stream order.



Table 22. Kruskal-Wallis test for significant differences in the percent of potential energy dissipa-

ted by log steps (N&H) between second, third, fourth, and fifth order streams.

% P.E.
Ordera Dissipated Rank

% P.E.

Ordera Dissipated Rank
% P.E.

Ordera Dissipated Rank
% P.E.

Order
a

Dissipated Rank

2(1) 8.0 31 3(1) 11.0 34 4(1) 11.0 34 5(1) 0.71 6

2(2) 3.1 13.5 3(2) 4.7 21 4(2) 0 2.5 5(4) 0 2.5

2(8) 4.8 22 3(3) 7.1 27 4(3) 5.0 23.5 5(5) 0.34 5

2(9) 0 2.5 3(4) 3.5 16.5 4(4) 7.8 30 5(6) 3.3 15

2(13) 3.8 19 3(5) 2.1 9 4(5) 1.1 7 5(8) 0 2.5

3(6) 13.0 36 4(6) 3.7 18 5(12) 2.7 12

n = 5 Total = 88 3(7) 3.1 13.5 4(8) 2.2 10 5(13) 2.3 11

.. 3(8) 1.3 8 4(9) 11.0 34

n = 7 Total = 54Weighted Mean = 3.96
3.5 16.5 4(10) 5.5 25

3(10) 7.3 28 4(11) 6.0 26

3(11) 5.0 23.5 4(12) 15.0 37
Weighted Mean = 1.51%

3(12) 4.6 20 4(13) 7.7 29

3(13) 8.5 32

n = 12 Total = 276
n = 13 Total = 285

Weighted Mean = 7.44%
Weighted Mean = 6.48%

N = 13
k = 4
Calculated H = 10.2
Critical H = 7.82 at the 0.05 level

Conclude: differences in the percent of potential energy dissipated by log steps (N&H) between second,

third, fourth, and fifth order streams are significant at the 0.05 level.

a
Basin number in parentheses.
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remains unchanged even if 60 to 100 percent of potential energy is dissi-

pated in first order streams for most study basins. Where degradation is

infered for high order streams, any additional dissipation of potential

energy by falls and log steps in first order streams will only accentuate

progressive downcutting in the higher order streams. This situation pre-

vails because the mean relief for each stream order deviates from the

equilibrium relief unmitigated by adjusting for fall obstructions. No

consistent trends toward aggradation or degradation are infered for second,

third, fourth, and fifth order streams. The failure of stream networks

to achieve a uniform distribution of potential energy may be attributed

to structural controls on channel morphology, including prolonged episodes

of geologic uplift, alignment of mainstream channels along fault linea-

ments, and resistance of bedrock materials to downcutting in mountain

streams. Indeed, stream networks in the Bob Creek and Rock Creek water-

sheds exhibit these features as well as the largest deviation from equilib-

rium among the study basins.

SPATIAL VARIATION BY LANDTYPE

Geomorphic landtypes are derived by grouping the 13 study basins into

two lithologic groups then performing cluster analysis within each group

using morphometric factors described earlier (Table 23). A matrix of

similarity values is used to prepare the dendrogram illustrating basin

clusters (Figure 35). Three thresholds are shown depending on the number

of landtypes used when testing for significant differences in field data.

Additional thresholds are not warranted because of small differences in
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Table 23. Morphometric factors and matrices of similarity values used to
classify study basins into landtypes.

Basin
,a

MAR
,b

MABF
,c

MAPF
,d

MASY
,e

MS1
if

MS2 MS3

1 9.33 10.6 9.97 7.46 8.68 7.98 6.90
2 13.6 8.16 16.0 9.09 7.75 6.38 3.34
3 10.2 12.4 11.0 8.09 8.99 7.98 9.55
4 11.4 6.04 9.44 15.5 9.30 13.3 19.6
5 11.3 13.0 11.9 12.6 9.61 10.1 8.97
6 8.70 10.5 6.48 4.84 5.58 4.79 4.83
7 8.39 5.76 8.76 5.46 12.4 10.1 6.10
8 11.3 5.88 10.4 7.01 9.61 9.58 7.82
9 9.03 9.54 8.72 12.8 12.1 13.3 15.0

10 7.91 10.2 8.41 11.9 12.7 13.8 7.13
11 10.5 7.72 13.2 13.1 13.0 13.8 23.0
12 8.13 11.2 7.05 10.6 9.92 10.1 10.2
13 10.2 19.1 8.83 11.6 10.5 9.04 7.82

MATRIX OF SIMILARITY VALUES FOR SEDIMENTARY BASINS

1 2 3 4 5 6 8

1 8.91 3.54 16.7 7.03 7.91 5.55
2 9.91 20.2 10.3 12.2 8.94
3 15.1 5.29 9.00 7.15
4 13.6 21.3 15.0
5 12.8 9.26
6 9.81
8

MATRIX OF SIMILARITY VALUES FOR IGNEOUS BASINS

7 9 10 11 12 13

7 12.6 8.74 19.6 9.05 15.1
9 8.07 9.52 7.02 12.9

10 17.0 5.95 10.6
11 15.8 20.3
12 8.83
13

a ' DD
MAR = x 2.18

CC

b
MABF'

B x SRR
x 0.198

RR x CC
c
MAPF = SF x 0.379

'd
MASY = DD x B x SRR x (TRS/P) x 0.417

e '

MS1 = MS1 x 0.310
'

MS2 = MS2 x 0.532

9MS3
'

= MS3 x 1.15
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Figure 35. Dendrogram derived from cluster analysis of morphometric factors used
to classify study basins into landtypes. Dashed lines signify that
cluster analysis is performed separately on sedimentary and igneous
basins.
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the similarity values of subsequent clusters and the unsound physical

basis for designating more than four landtypes.

Differences Between Two Landtypes

Comparisons between two landtypes pairs seven basins in the sedi-

mentary uplands group (landtype A) against six basins in the igneous up-

lands group (landtype B). The former group includes North Fork Beaver

Creek (basin #1), Flynn Creek (basin #2), Elkhorn Creek (basin #3), Scott

Creek (basin #4), Canal Creek (basin #5), Big Creek--Lincoln County

(basin #6), and Stump Creek (basin #8). The latter group includes Cape

Creek--Lincoln County (basin #7), Cummins Creek (basin #9), Bob Creek

(basin #10), Rock Creek (basin #11), Big Creek--Lane County (basin #13),

and Cape Creek--Land County (basin #13). The area yield morphometric

indices of mean annual base flow (MABF) and mean annual sediment produc-

tion (MASY) for the igneous uplands (landtype B) exceed those for the

sedimentary uplands (landtype A). The mean slope of first, second, and

third order streams in the igneous uplands are also greater than cor-

responding values for the sedimentary uplands. However, the area yield

morphometric indices of mean annual runoff (MAR) and mean annual peak flow

(MAPF) for the sedimentary uplands exceed those of the igneous uplands.

The only statistically significant difference of field data at the

0.05 level between the two landtypes is the area frequency of debris tor-

rents (Table 24). The frequency of debris torrents in the igneous up-

lands landtype is over five times that in the sedimentary uplands land-

type, probably due to shallower soils in the steep igneous terrain which



Table 24. Statistical tests for significant differences in field data between landtypes.

Feature

Land-
type

With 2 Landtypes
a

With 3 Landtypes
b

With 4 Landtypes
c

Mean
Values

Criti-
cal M

Sig. at
0.05?

Mean
Values

Calcula-
ted H

Sig. at
0.05?

Mean Calcula- Sig. at
Values ted H 0.05?

Percent Area
Clearcut

Area Frequency
of Debris Tor-
rents (No./Mi.

2
)

Frequency of
N-Log Steps
(No. /Iii.)

Percent P.E.
Dissipated by
N-Log Steps

Frequency of
H-Log Steps
(No./Mi.)

A

B

C

D

A

C

D

A

B

C

D

A

B

C

D

A

B

C

D

32.5
13.7

0.193
1.01

3.33
3.56

4.63
4.53

0.930
0.383

0.051

0.002

0.117

0.117

0.117

no

YES

no

no

no

32.9

13.7
30.3

0.112
1.01

0.678

3.51

3.56
2.23

, -

4.82

4.53
3.51

0.900

0.383
1.11

2.92

9.05

2.19

0 187

1.34

no

YES

no

no

no

32.9
16.5
30.3
1.00

0.112
0.889
0.678
1.59

3.51

3.56
2.23
3.51

4.82

4.31

3.51

5.60

0.900
0.460
1.11

0

4.19

9.32

2.22

0.681

1.90

no

YES

no

no

no



Table 24 (cont.).

Feature
Land-
type

With 2 Landtypes
a

With 3 Landtypes
b

With 4 Landtypes
c

Mean
Values

Criti-
cal M

Sig. at
0.05?

Mean
Values

Calcula-
ted H

Sig. at
0.05?

Mean
Values

Calcula-
ted H

Sig. at
0.05?

Percent P.E.
Dissipated by
H-Log Steps

Frequency of
All Log Steps
(N&H) (No./Mi.)

Percent P.E.
Dissipated by
All Log Steps
(N&H)

Frequency of
N-Boulder Falls
(No./Mi.)

Percent P.E.
Dissipated by
N-Boulder Falls

A

B

D

A

B

C

D

A

B

C

D

A

B

C

D

A

B

C

D

1.76
0.832

4.23
3.91

6.36
5.37

1.58

1.53

3.23

3.59

0.147+

0.147+

0.147+

0.0.147+

0.147+

no

no

no

no

no

1.53

0.832
3.16

4.40
3.94

3.20

6.30

5.37
6.70

0.964
1.53
5.29

1.68

3.59
12.5

2.21

0.3520.

00.626.

2.64

0.319

no

no

no

no

no

1.53

0.998
3.16
0

4.40
4.03
3.20
3.50

6.30
5.32
6.70
5.60

0.964
0.912
5.29
4.62

1.68
1.69
12.5
13.1

2.84

0.530

0.629

4.75

4.75

no

no

no

no

no



Table 24 (cont.).

Feature
Land-
type

With 2 Landtypesa With 3 Landtypes
b

With 4 Landtypes
c

Mean
Values

Criti-
cal M

Sig. at
0.05?

Mean
Values

Calcula-
ted H

Sig. at
0.05

Mean
Values

Calcula-
ted H

Sig. at
0.05?

Frequency of
N-Bedrock Falls
(No./Mi.)

Percent P.E.
Dissipated by
N-Bedrock Falls

Frequency of
All Falls
(No./Mi.)

Percent P.E.
Dissipated by
All Falls
(No./Mi.)

Frequency of
All Fall Ob-
structions
(No./Mi.)

A

B

C

D

A

B

C

D

A

B

A

B

C

D

A

B

1.56
1.08

2.85
2.03

3.29
2.71

6.35

5.24

7.55

6.64

0.069

0.147

0.147+

0.147+

0.147+

d
no

no

no

no

no

1.27

1.08

3.34

2.34

2.03
5.91

2.38
2.71

8.77

4.32

5.24

18.5

6.79

6.64
12.1

3.35

2.43

2.90

2.21

2.64

no

no

no

no

no

1.27
0.552
3 34.

3.70

2.34
1.02
5.91

7.01

2.38
1.58
8.77
8.32

4.32

2.87
18.5
20.1

6.79
5.61

12.1

11.8

8.20

6.68

5.91

6.27

5.33

YES

no

no

no

no



Table 24 (cont.).

Land-

Feature type

With 2 Landtypes
a With 3 Landtypes

b
With 4 Landtypes

c

Mean
Values

Criti-
cal M

Sig. at
0.05?

Mean
Values

Calcula-
ted H

Sig. at
0.05?

Mean
Values

Calcula-
ted H

Sig. at
0.05?

Percent P.E. A

Dissipated by B

All Fall C

Obstructions D

Proximity to A

Equilibrium B

Using Only Map C

Data

Proximity to A

Equilibrium B

After Adjust- C

ing for Falls D

Change in Prox- A

imity to Equili- B

brium Caused by C

Falls D

Proximity to A

Equilibrium Af- B

ter Adjusting for C
Falls & Log Steps D

12.8

11.2

27.3
44.2

22.0
42.0

-5.32
-2.18

22.0
38.3

0.147+

0.147+

0.147

0.090

0.147

no

no

no

no
d

no

10.7

11.2
25 2..
17.5

44.2
85.9

19.3

42.0
38.1

1.77

-2.18
-47.8

20.4

38.3
31.3

1.77

3.75

2.04

6.26

1.21

no

no

no

YES

no

10.7

8.33
25 2
25.7

17.5

33.8
85.9
95.8

19.3

33.9
38.1

82.6

1.77

0.026
-47.8
-13.2

20.4
31.7
31.3
71.4

4.94

5.59

3.77

7.14

3.00

no

no

no

no

no



Table 24 (cont.).

Feature

Change in Prox-
imity to Equili-
brium Caused by
Log Steps

With 2 Landtypesa With 3 Landtypes
b

With 4 Landtypes
c

Land-
type

Mean
Values

Criti-
cal M

Sig. at
0.05?

Mean
Values

Calcula-
ted H

Sig. at
0.05?

Mean
Values

Calcula-
ted H

Sig. at
0.05?

A

B

C

0.017
-5.23

0.051 no
d

1.15

-5.23
-6.78

5.43 no

1.15

-4.04
-6.78
-11.2

6.69 no

a
The Mann-Whitney test applies; critical M values must be less than 0.05 or 0.10 for differences to be
judged significant at the 0.05 level or 0.10 level, respectively (see Appendix II).

b
The Kruskal-Wallis test applies; calculated H values must exceed 5.99 or 4.60 for differences to be
judged significant at the 0.05 level or 0.10 level, respectively (see Appendix II).

c
The Kruskal-Wallis test applies; calculated H values must exceed 7.82 or 6.25 for differences to be
judged significant at the 0.05 level or 0.10 level, respectively (see Appendix II).

d
Differences are significant at the 0.10 level.
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experience more rapid depletion of available moisture holding capacity

during the winter storm period. Statistically significant differences at

the 0.10 level are apparent for the percent area clearcut, frequency of

bedrock falls, change in proximity to equilibrium caused by all falls, and

change in proximity to equilibrium caused by log steps. Differences in

the percent area clearcut reveal that sedimentary uplands have experienced

a more extensive history of timber harvest than the igneous uplands. The

steep nature of igneous terrain in the study region has discouraged large

scale timber harvest with traditional logging methods. Bedrock falls are

more frequent in the sedimentary uplands largely because of bedrock con-

trol on stream downcutting with numerous nickpoints created by well-indur-

ated sandstone beds. Differences in the equilibrium values indicate that

falls are more important for improving the proximity to equilibrium in

the sedimentary uplands than in the igneous uplands. On the other hand,

log steps tend to improve the proximity to equilibrium of stream networks

in the igneous uplands but decrease the proximity to equilibrium in the

sedimentary uplands. Overall, the vast majority of field measurements do

not exhibit statistically significant differences when only two landtypes

are compared.

Differences Between Three Lanqtypes

When a three-fold landtype classification is utilized, the Scott

Creek watershed (basin #4) is segregated from the other basins in the

sedimentary uplands landtype. The six remaining sedimentary basins con-

stitute landtype A; the six basins in the igneous uplands landtype (land-
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type B) remain unchanged; and the Scott Creek watershed represents land-

type C, the sedimentary cuestaform uplands. The cuestaform topography

characterizes landtype C which is further distinguished by the direction

of mainstream flow against the strike of sedimentary strata. The relative

differences in morphometric factors between the sedimentary uplands and

igneous uplands remain as described earlier. However, values of the fol-

lowing factors for the sedimentary cuestaform uplands exceed those of

both landtype A and landtype B: mean annual runoff, mean annual sediment

yield, and the mean slope of first, second, and third order streams.

The only statistically significant differences of field data at the

0.05 level between the three landtypes involve the area frequency of

debris torrents and the change in proximity to equilibrium caused by falls

(Table 24). The frequency of debris torrents in the sedimentary cuesta-

form uplands exceeds that of landtype A because of the added steepness on

scarp slopes associated with cuestaform topography. Falls in the sedi-

mentary cuestaform uplands cuase a dramatic improvement in the proximity

to equilibrium because they are located where needed for dissipation of

potential energy given the existing structural controls on stream network

development. Statistically significant differences at the 0.10 level are

apparent for the change in proximity caused by log steps between the three

landtypes. Log steps improve the proximity to equilibrium of stream net-

works in the sedimentary cuestaform uplands to a greater degree than in

landtype A or landtype C. Still, the majority of field measurements do

not exhibit statistically significant differences when three landtypes

are compared.
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Differences Between Four Landtypes

When a four-fold landtype classification is utilized, the Rock Creek

watershed (basin #11) is segregated from the other basins in the igneous

uplands landtype (Figure 35). The most detailed level of basin classifi-

cation in the present study culminates with six basins in the sedimentary

uplands group (landtype A), five basins in the igneous uplands group

(landtype B), one basin in the sedimentary cuestaform uplands group (land-

type C), and one basin in the oversteep igneous uplands group (landtype

D). Numerous debris torrent tracks and resulting debris fans characterize

landtype D. The oversteep igneous uplands are further distinguished by

the stepped channel longitudinal profile caused by boulder and bedrock

falls. The four-fold classification of basins is prefered because it

isolates the greatest number of significant differences in field data

between landtypes (Tables 24-25). Statistically significant differences

at the 0.05 level are observed between the four landtypes involving the

area frequency of debris torrents and the frequency of bedrock falls.

Statistically significant differences at the 0.10 level are demonstrated

between the four landtypes for the percent of potential stream energy

dissipated by bedrock falls, percent potential stream energy dissipated

by all falls, and the change in proximity to equilibrium caused by log

steps. Values for the factors mentioned above are ranked between the

four landtypes (Table 25).

Several noteworthy features do not exhibit statistically significant

differences between landtypes, including the frequency of log steps, per-

cent of potential stream energy dissipated by log steps, and the proximity
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Table 25. Characteristics of landtypes from four-fold classification of
study basins.

LANDTYPE A: Sedimentary Uplands

Basins: 1,2,3,5,6,8

Rank of Morphometric Factorsa: mean annual runoff (2), mean annual base
flow (2), mean annual peak flow (2), mean annual sediment yield (4),
MS1 (4), MS2 (4), MS3 (4)

General Characteristics: sedimentary lithology, relatively large propor-
tion of fine size particles in channel substrate, relatively deep
residuum and colluvium, common earthflow topography

Rank of Features Showing Significant Differences between Landtypes a
: area

frequency of debris torrents (4), frequency of bedrock falls (3),
percent P.E. dissipated by bedrock falls (3), percent P.E. dissipated
by all falls (3), change in proximity to equilibrium caused by falls
(4), change in proximity to equilibrium caused by log steps (4)

LANDTYPE B: Igneous Uplands

Basins: 7,9,10,12,13

Rank of Morphometric Factorsa: mean annual runoff (4), mean annual base
flow (1), mean annual peak flow (4), mean annual sediment yield (3),
MS1 (2), MS2 (3), MS3 (3)

General Characteristics: igneous lithology, mainstream aligned along
faults, relative small proportion of fine size particles in channel
substrate, relatively shallow residuum and colluvium, elongate basin
shape

Rank of Features Showing Significant Differences between Landtypes
a

: area
frequency of debris torrents (2), frequency of bedrock falls (4),
percent P.E. dissipated by bedrock falls (4), percent P.E. dissipated
by all falls (4), change in proximity to equilibrium caused by falls
(3), change in proximity to equilibrium caused by log steps (3)

LANDTYPE C: Sedimentary Cuestaform Uplands

Basins: 4

Rank of Morphometric Factorsa: mean annual runoff (1), mean annual base
flow (4), mean annual peak flow (3), mean annual sediment yield (1),
MS1 (3), MS2 (2), MS3 (2)

General Characteristics: cuestaform topography, streamflow in direction
opposite to strike of sedimentary strata, channel substrate dominated
by bedrock and boulders, high basin relief ratio, high hypsometric
integral
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Rank of Features Showing Significant Differences between Landtypesa: area
frequency of debris torrents (3), frequency of bedrock falls (2),
percent P.E. dissipated by bedrock falls (2), percent P.E. dissipated
by all falls (2), change in proximity to equilibrium caused by falls
(1), change in proximity to equilibrium caused by log steps (2)

LANDTYPE D: Oversteep Igneous Uplands

Basins: 11

Rank of Morphometric Factorsa: mean annual runoff (3), mean annual base
flow (3), mean annual peak flow (1), mean annual sediment yield (2),
MS1 (1), MS2 (1), MS3 (1)

General Characteristics: igneous lithology, mainstream aligned along
fault, relative small proportion of fine size particles in channel
substrate, numerous torrent tracks and resulting debris fans, rela-
tively shallow residuum and colluvium, stepped channel longitudinal
profile caused by falls, low stream relief ratio, elongate basin
shape

Rank of Features Showing Significant Differences between Landtypesa: area
frequency of debris torrents (1), frequency of bedrock falls (1),
percent P.E. dissipated by bedrock falls (1), percent P.E. dissipated
by all falls (1), change in proximity to equilibrium caused by falls
(2), change in proximity to equilibrium caused by log steps (1)

a
Rank is given from highest to lowest (1 to 4) between the four landtypes.
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to equilibrium after adjusting for falls and log steps. Hwever, recall

that the frequency of log steps and potential energy dissipated by log

steps exhibit statistically significant differences between second, third,

fourth, and fifth order streams. Thus, stream size appears to account for

the spatial variation in log step development. Landtypes do not account

for the spatial variation in log step development or the proximity to

equilibrium of the stream network. One may otherwise conclude that a

different set of criteria used to designate landtypes would reveal a more

definitive physiographic influence on log step development. In support

of the present basin classification, the author wishes to emphasize

general differences between landtypes observed in the field and the

physical relationship reasoned between the morphometric factors and log

step development.

THE SILVICULTURAL INFLUENCE ON LOG STEP DEVELOPMENT

Silvicultural activities account for 20 percent of the total number

and 26 percent of the total height of log steps present in the study

streams (Table 17). These figures must be regarded in the light of the

extent of past silvicultural activities. Clearcut units amount to 25

percent of the total area of the study basins. The influence of silvi-

cultural activities on log step development can be expected to increase

in proportion to accelerated timber harvest planned for the study region.

Sixty-four log steps are associated with logging debris, 10 are associated

with buffer blowdown, and seven are associated with debris torrents

originating in disturbed sites (logging roads and clearcut units). The
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majority of log steps associated with logging debris are left from tim-

ber harvest operations predating the Oregon Forest Practices Act. As re-

ported earlier, the mean height of H-log steps is one and one-half times

as great as that of N-log steps. However, the potential energy dissi-

pation by H-log steps is only about one-third that by N-log steps. Since

the influence of all log steps on equilibrium conditions is not shown to

be statistically significant, the same conclusion follows for log steps

created by human activities. Based on the statement above, it is not

possible to claim that silvicultural activities do not affect channel

equilibrium. Because of the long residence time of log steps, large

woody debris added to streams by future silvicultural activities will

likely accumulate with eventual significant impacts on potential energy

dissipation and sediment storage. In certain study streams, H-log steps

do alter equilibrium conditions. In the North Fork Beaver Creek water-

shed and Scott Creek watershed, H-log steps are located in the stream

network (fourth order streams) where needed for potential energy dissi-

pation. In the Big Creek--Lincoln County watershed and Cape Creek--Lane

County watershed, H-log steps are located where not needed for dissipa-

tion of potential energy, decreasing the proximity to equilibrium.

If one could determine that natural stream loadings of large woody

debris were at a steady state, it would be possible to prescribe the

height of H-log steps needed to achieve equilibrium. Such recommenda-

tions are not warrented because stream inputs and outputs of large woody

debris are event-oriented processes which may or may not intensify after

streams are surveyed. Instead, the forest resource manager should be

cognizant of geomorphic impacts likely to result from addition and
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removal of log steps and stream adjacent trees. Considering only

equilibrium criteria, repeated removal of trees adjacent to streams

below grade (i.e. streams of an order with mean relief less than equili-

brium relief) is encouraged to restrict development of log steps which

would only promote aggradation. Similarly, preservation of trees adja-

cent to streams above grade (i.e. streams of an order with mean relief

greater than equilibrium relief) is encouraged to insure continued de-

velopment of log steps which are needed to counter degradation. Manage-

ment of instream large woody debris must address the manifold biological

functions of instream large woody debris and the geomorphic functions of

instream large woody debris not incorporated as log steps as well as the

functions discussed in the present study.
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VI. SUMMARY AND CONCLUSIONS

Four initial observations led to undertaking the present study of

geomorphic functions performed by log steps. First, simply reporting the

percent of stream relief dissipated by log steps fails to reveal the im-

portance of this function to equilibrium conditions. Second, preliminary

field reconnaissance of streams in the central Oregon Coast Range genera-

ted the impression that log steps are not as prevalent as usually claimed

from limited surveys in other forest regions. Third, traditional channel

equilibrium evaluation techniques suffer from procedural contradictions,

fail to account for empirical experience, and do not produce reliable

results which may be compared with results in contrasting spatial/temporal

settings. Fourth, a belief that the expenditure of potential stream

energy has a determinant effect on channel morphology was coupled with

the recognition that log steps reduce the amount of potential energy

available for conversion to kinetic energy used for water and sediment

routing.

Findings are reported for 13 study basins in the central Oregon Coast

Range representing four geomorphic landtypes. Field surveys of 102 miles

(164 km) of streams constitutes the largest data base yet available for

distinguishing the influence of physiographic factors from that of silvi-

cultural factors on log step development. Several assumptions outlined

in the study are reiterated here to clarify conclusions. The effective

height of log steps is measured during low flow conditions although the

change in water surface elevation by log steps may increase or decrease

as river stage fluctuates. Field data for surveyed streams of a given
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order are said to be representative of all streams in the basin of the

same stream order for calculations of sediment storage and proximity to

equilibrium of the stream network. The relatively low proportion of

first and second order streams sampled in the study basins tempers any

conclusions regarding the geomorphic significance of log steps in streams

of these orders. However, the total length of first and second order

streams surveyed exceeds that of past studies. The morphometric erosion

factor is said to reflect mean annual sediment yield over a time period

during which morphometric variables have adjusted to physiographic fea-

tures. Non-parametric statistical methods are employed because a normal

frequency distribution cannot be assumed for the field or morphometric

measurements.

The overall dissipation of potential stream energy by log steps

amounts to 6.09 percent, a figure much below that reported in the litera-

ture. A large portion of the discrepancy is attributed to the strict

definition of log steps adopted in the present study. Instream large

woody debris which does not span the active channel and create a vertical

drop in water surface elevation fails to dissipate potential energy. In-

stead, kinetic energy dissipates by flow deflection and increased channel

roughness. Falls and log steps approximate equal importance in the over-

all dissipation of potential energy in the study streams.

Landtypes isolate very few observed differences in field data among

the study basins. However, differences in the percent of potential energy

dissipated by log steps between second, third, fourth, and fifth order

streams are found to be statistically significant. The greatest dissi-

pation of potential energy by log steps occurs in fourth order streams
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at 7.44 percent, even though log steps are most frequent in third order

streams. Natural treefall accounts for the majority of log steps, al-

though the mean height of log steps created by debris torrents exceeds

that from any other origin. Silvicultural activities account for 20 per-

cent of all log steps and have a mean height of 4.2 feet (1.3 m), one and

one-half times as great as the mean height of log steps created by natural

processes. The importance of silvicultural activities to log step develop-

ment must be considered relative to the spatial extent of past timber har-

vest in the study basins. Clearcut units amount to 25 percent of the

total area of the 13 study basins. With future silvicultural activities,

the percent of log steps left by timber harvest, slash burning, buffer

blowdown, and accelerated mass wasting can be expected to increase.

Analogies between thermodynamic systems and stream systems enable

derivation of the "law of average stream fall," amended in the present

study to account for the influence of fall obstructions. Equilibrium is

described as a condition where potential energy in the stream network

exhibits uniform distribution between streams of different order. In

other words, equilibrium is attained when stream relief does not display

statistically significant differences between streams of each order in

the basin. Calculations using the chi-square (X2) test statistic produce

a quantitative measurement of the proximity to equilibrium. Three X2

calculations are made: using map data only; after adjusting stream relief

according to the percent dissipated by falls; and after adjusting stream

relief according to the percent dissipated by falls and log steps. Com-

parison of the latter two X
2 values reveals the influence of log steps

on equilibrium conditions. Results of the present study demonstrate that
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neither falls nor log steps cause a significant difference in the proxim-

ity to equilibrium of stream networks in the study region.

The application of thermodynamic principles to stream systems lends

new meaning to the concept of grade. When the calculated X
2

value is

exceeded by the critical X2 value, neither aggradation nor degradation is

expected in streams of a given order. The stream network in the Elkhorn

Creek watershed is the only one approaching grade among the study basins.

In the other 12 stream networks, degradation is inferred for streams of

an order with excess potential energy compared to the equilibrium relief.

The inferred trend toward progressive downcutting for streams above grade

is generally supported by field evidence of bank erosion and absence of

fine size particals in the channel substrate. Preserving trees adjacent

to streams above grade will counter downcutting by maintaining the dom-

inant source of log steps needed for dissipation of excess potential

energy. Aggradation is inferred for streams of an order with insufficient

potential energy compared to the equilibrium relief. The inferred trend

toward progressive deposition for streams below grade is generally sup-

ported by field evidence of overbank flows, extensive channel and point

bar deposits, and an abundance of fine size particals in the channel

substrate. Preserving trees adjacent to streams below grade will only

serve to aggravate deposition by increasing the dissipation of potential

energy by log steps added from treefall.

The sum of mean annual sediment yield estimates for the 13 study

basins amounts to 82 percent of the total sediment volume estimated in

storage by log steps in all third, fourth, and fifth order streams. A

sediment storage component of such high magnitude decelerates sediment
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routing through the stream network. A portion of the sediment stored by

log steps is bedload material which has a much slower travel time through

the stream network than suspended load material. Consequently, the mean

annual yield of bedload material will be even less than 82 percent cited

for suspended load material. Log steps create a buffer against down-

stream sedimentation impacts, an effect which is pronounced by the long

duration of instream large woody debris. Downstream sedimentation impacts

will be most severe where log steps storing abundant volumes of sediment

are removed from streams above grade.

In the final analysis, the equilibrium evaluation technique described

in the present study produces reliable results which demonstrate that

falls and log steps together exert an insignificant influence on the

proximity to equilibrium of stream networks. At this point in time,

equilibrium conditions depend more on structural controls imposed over

geologic time than on silvicultural activities within the past 60 years.

It must be noted that log steps created as a result of future silvicultural

activities will likely accumulate because of the long residence time of

instream large woody debris, eventually causing significant impacts on

channel equilibrium conditions. In any case, the equilibrium criteria

and sedimentation impacts of log steps provide only two standards by

which to manage instream large woody debris. The biological functions

of instream large woody debris and the geomorphic functions of instream

large woody debris not incorporated as log steps must also be addressed

in forest management decisions.

The present study provides a set of baseline data against which

future surveys in the same study streams can judge the influence of time
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and future silvicultural activities on log step development. More speci-

fic areas of needed research are outlined below:

1) determination of the steady state biomass of instream large

woody debris would allow derivation of forest management ob-

jectives designed to attain equilibrium conditions by addition

and removal of log steps and stream adjacent trees;

2) study of the geomorphic effects of instream large woody debris

not incorporated as log steps would provide additional criteria

for management of forest streams, especially if such a study

examined kinetic energy dissipation by instream large woody

debris;

3) collection of field data for a greater proportion of first and

second order streams in the study region is encouraged to amend

conclusions of the present study regarding dissipation of poten-

tial energy, sediment storage, and equilibrium conditions;

4) measurements of the change in water surface elevation caused by

log steps taken as river stage fluctuates would serve to document

the change in effectiveness of log steps;

5) calculations needed to determine the proximity to equilibrium

of the stream network should be repeated in a variety of

physiographic settings to reveal whether geology, climate, vege-

tation, and human activities influence equilibrium conditions

to a greater degree than in the central Oregon Coast Range; and

6) detailed channel surveys of erosion and deposition may serve to

confirm the inferred sediment trends based on existing and

equilibrium relief in segments of a given order.



173

REFERENCES

Abler, R., J.S. Adams, and P. Gould. 1971. Spatial Organization and the
Geographer's View of the World. Prentice-Hall, Inc.: Englewood
Cliffs, NJ, 587 pp.

Baker, V.R. and D.F. Ritter. 1975. Competance of rivers to transport
coarse bedload material. Geological Society of America, Bulletin
86: 975-978.

Baldwin, E.M. 1976. Geology of Oregon. Kendall -Hunt Publishing Co.:
Dubuque, 10, 147 pp.

Beschta, R.L. 1979. Debris removal and its effects on sedimentation in
an Oregon Coast Range stream. Northwest Science 53(1): 71-77.

Bilby, R.E. 1979. The function and distribution of organic debris dams
in forest stream ecosystems. Ph.D. Thesis, Cornell University:
Ithica, NY, 146 pp.

Bishop, D.M. and M.E. Stevens. 1964. Landslides on logged areas in
southeast Alaska. U.S. Forest Service, Research Paper NOR-1.
Northeastern Forest Experiment Station: Upper Darby, PA, 18 pp.

Bull, W.B. 1979. Threshold of critical power in streams. Geological
Society of America, Bulletin 90: 453-464.

Chorley, R.J. 1962. Geomorphology and general systems theory. U.S.
Geological Survey, Professional Paper 500-B, 10 pp.

Chorley, R.J. and B.A. Kennedy. 1971. Physical Geography--A Systems
Approach. Prentice-Hall, Inc.: London, ENG, 370 pp.

Davy, B.W. and T.R.H. Davies. 1979. Entropy concepts in fluvial geo-
morphology--a reevaluation. Water Resources Research 15(1): 103-106.

DeBano, L.F. 1977. Influence of forest practices on water yield, chan-
nel stability, erosion, and sedimentation in the Southwest. Society
of American Foresters, Proceedings of the 1977 National Convention:
Washington, D.C., pp. 74-78.

Dietrich, W.E. 1975. Sediment production in a mountainous basaltic
terrain in central coastal Oregon. M.S. Thesis, University of
Washington: Seattle, WA, 81 pp.

Ebisemuu, F.S. 1979. An objective criterion for the selection of repre-
sentative basins. Water Resources Research 15(1): 148-158.



174

Frenkel, R.E. 1979. Vegetation. In: Highsmith, R.M. and A.J. Kimerling
(eds.). 1979. Atlas of the Pacific Northwest. Oregon State Univer-
sity Press: Corvallis, OR, pp. 55-60.

Froehlich, H. 1975. Accumulation of large debris in forest streams
before and after logging. Proceedings of a Conference on Logging
Debris in Streams, Oregon State University: Corvallis, OR, 10 pp.

Gregory, K.J. 1966. Dry valleys and the composition of the drainage net.
Journal of Hydrology 4: 327-340.

Gresswell, S., D. Heller, and D.N. Swanston. 1979. Mass movement re-
sponse to forest management in the central Oregon Coast Ranges. U.S.

Forest Service, Resource Bulletin PNW-84. Pacific Northwest Forest
and Range Experiment Station: Portland, OR, 26 pp.

Hall, J.D. and C.O. Baker. 1975. Biological impacts of organic debris in
Pacific Northwest streams. Proceedings of a Conference on Logging
Debris in Streams, Oregon State University: Corvallis, OR, 13 pp.

Hammond, R. and P.S. McCullagh. 1977. Quantitative Techniques in Geo-
graphy. Oxford University Press: Oxford, ENG, 319 pp.

Harr, R.D. 1975. Hydrology of small forest streams. Proceedings of a
Conference on Logging Debris in Streams, Oregon State University:
Corvallis, OR, 21 pp.

Heede, B.H. 1972. Flow and channel characteristics of two high mountain
streams. U.S. Forest Service, Research Paper RM-96. Rocky Mountain
Forest and Range Experiment Station: Fort Collins, CO, 12 pp.

. 1975. Mountain watersheds and dynamic equilibrium.
American Society of Civil Engineers, Irrigation and Drainage Division,
Proceedings of the Watershed Management Symposium: Logan, UT, pp.
407-420.

. 1976. Equilibrium condition and sediment transport
in an ephemeral mountain stream. American Water Resources Associa-
tion, Arizona Section, and Arizona Academy of Science, Hydrology
Section, Proceedings of the 1976 Meeting on Arizona and the South-
west: Tucson, AL, pp. 97-102.

Holderman, W.E. 1977. An overview of past and present logging debris
removal from Oregon streams. Proceedings of the Second Conference
on Logging Debris in Streams, Oregon State University: Corvallis,
OR, 3 pp.

Holmes, C.D. 1952. Stream competance and the graded stream profile.
American Journal of Science 250: 899-906.



175

Horton, R.E. 1945. Erosional development of streams and their drainage
basins--hydrophysical approach to quantitative morphology. Geo-
logical Society of America, Bulletin 56: 275-370.

Juday, G.P. 1977. The location, composition, and structure of old-growth
forests of the Oregon Coast Range. Ph.D. Thesis, Oregon State
University: Corvallis, OR, 206 pp.

Keller, E.A. and F.J. Swanson. 1979. Effects of large organic material
on channel form and fluvial processes. Earth Surface Processes 4:
361-380.

Keller, E.A. and T. Tally. 1979. Effects of large organic debris on
channel form and fluvial processes in the coastal redwood environ-
ment. Proceedings of the Tenth Annual Geomorphology Symposium:
Binghamton, NY, pp. 169-197.

Kennedy, J.F., P.D. Richardson, and S.D. Sutera. 1964. Discussion on
geometry of river channels by W.B. Langbein. American Society of
Civil Engineers, Hydraulics Division, Journal 91(3): 332-341.

Lacey, G. 1929. Stable channels in alluvium. Institute of Civil
Engineers, Proceedings 229: 259-384.

Lammel, R.F. 1972. Natural debris and logging residue within the stream
environment. M.S. Thesis, Oregon State University: Corvallis, OR,
49 pp.

Lane, E.W. 1937. Stable channels in erodable material. American Society
of Civil Engineers, Transactions 63: 123-142.

Langbein, W.B. and L.B. Leopold. 1964. Quasi-equilibrium states in chan-
nel morphology. American Journal of Science 262: 782-794.

. 1966. River meanders--theory of minimum variance.
U.S. Geological Survey, Professional Paper 422-H, 15 pp.

Leopold, L.B. and W.B. Langbein. 1962. The concept of entropy in land-
scape evolution. U.S. Geological Survey, Professional Paper 500-A,
20 pp.

Leopold, L.B. and T. Maddock, Jr. 1953. The hydraulic geometry of
stream channels and some physiographic implications. U.S. Geological
Survey, Professional Paper 252, 57 pp.

Leopold, L.B., M.G. Wolman, and J.P. Miller. 1964. Fluvial Processes in
Geomorphology. W.H. Freeman and Co.: San Francisco, CA, 522 pp.



176

Likens, G.E. and R.E. Bilby. 1979. Development, maintenance and role of
organic debris dams in streams. Proceedings of a Workshop on Sedi-
ment Budget and Routing in Forest Catchments, Oregon State Univer-
sity: Corvallis, OR, 17 pp.

Mackin, J.H. 1948. Concept of the graded river. Geological Society of
America, Bulletin 59: 463-512.

Marston, R.A. 1978. Morphometric indices of streamflow and sediment
from mountain watersheds in western Oregon. U.S. Forest Service,
Report No. 00-D4T0-9-73, Siuslaw National Forest: Corvallis, OR,
74 pp.

. 1979. A channel stability evaluation procedure for
the Siuslaw National Forest. U.S. Forest Service, Report No.
00-04T0-9-226, Siuslaw National Forest: Corvallis, OR, 52 pp. + App.

Maxwell, J.R. and R.A. Marston. 1980. Geomorphic indices of hydrologic
characteristics. American Society of Civil Engineers, Irrigation
and Drainage Division, Proceedings of the Watershed Management Sym-
posium: Boise, ID, in press.

Megahan, W.F. and R.A. Nowlin. 1976. Sediment storage in channels drain-
ing small forested watersheds in the mountains of central Idaho.
Proceedings of the Third Federal Interagency Sedimentation Conference:
Denver, CO, 12 pp.

Miller, J.P. 1958. High mountain streams--effects of geology on channel
characteristics and bed material. New Mexico Bureau of Mines,
Memoir 4, 53 pp.

Morisawa, M.E. 1957. Accuracy of determination of stream lengths from
topographic maps. American Geophysical Union, Transactions 38: 86-88.

Morris, W. (ed.). 1969. The American Heritage Dictionary of the English
Language. American Heritage Publishing Co., Inc. and Houghton
Mifflin Co.: Boston, MA, 1550 pp.

Odum, E.P. 1969. The strategy of ecosystem development. Science 164:
262-270.

Oregon State University, Extension Service. 1977. Proceedings of the
Second Conference on Logging Debris in Streams. Oregon State Univer-
sity: Corvallis, OR, 77 pp.

Patton, C., D. Miller, and R. Harvey. 1976. Climate. In: Loy, W.G.

1976. Atlas of Oregon. University of Oregon Books: Eugene, OR,
pp. 128-135.

Pfankuch, D. 1975. Stream reach inventory and channel stability evalua-
tion. U.S. Forest Service, Northern Region: Missoula, MT, 26 pp.



177

Rosenfeld, C.L. 1979. Landforms. In: Highsmith, R.M. and A.J.
Kimerling (eds.). 1979. Atlas of the Pacific Northwest. Oregon
State University Press: Corvallis, OR, pp. 34-42.

Rubey, W.W. 1952. The geology and mineral resources of Hardin and
Brussels quadrangles, Illinois. U.S. Geological Survey, Professional
Paper 218, 179 pp.

Rzhanitsyn, N.A. 1960. Morphological and hydrological regularities of
the structure of the river net. Translated by D.B. Krimgold for the
U.S. Agricultural Research Service and the U.S. Geological Survey,
Water Resources Division: Washington, D.C., 380 pp.

Scheidegger, A.E. 1964. Some implications of statistical mechanics in
geomorphology. International Association of Scientific Hydrology
9(1): 12-16.

. 1967. A thermodynamic analogy for meander systems.
Water Resources Research 3(4): 1041-1046.

. 1970. Theoretical Geomorphology. Springer-Verlag:
New York, NY, 435 pp.

Scheidegger, A.E. and W.B. Langbein. 1966. Probability concepts in geo-
morphology. U.S. Geological Survey, Professional Paper 500-C, 14 pp.

Schlicker, H.G. and R.J. Deacon. 1974. Environmental geology of coastal
Lane County, Oregon. Department of Geology and Mineral Industries,
Bulletin 85, 116 pp.

Schlicker, H.G., R.J. Deacon, G.W. Olcott and J.D. Beaulieu. 1973. Envi-

ronmental geology of Lincoln County, Oregon. Department of Geology
and Mineral Industries, Bulletin 81, 171 pp.

Schumm, S.A. 1956. The evolution of drainage systems and slopes in bad-
lands at Perth Amboy, New Jersey. Geological Society of America,
Bulletin 67: 597-646.

. 1960. The shape of alluvial channels in relation to
sediment type. U.S. Geological Survey, Professional Paper 352-B,
30 pp.

. 1961. Effect of sediment characteristics on erosion
and deposition in ephemeral stream channels. U.S. Geological Survey,
Professional Paper 352-C, 70 pp.

. 1963. A tentative classification of alluvial river
channels. U.S. Geological Survey, Circular 477, 10 pp.



178

. 1973. Geomorphic thresholds and complex response of
drainage systems. Proceedings of the Fourth Annual Geomorphology
Symposium, State University of New York: Binghamton, NY, pp. 299-310.

. 1977. The Fluvial System. Wiley and Sons, Inc.:
New York, NY, 338 pp.

Schumm, S.A. and R.W. Lichty. 1965. Time, space, and causality in geo-
morphology. American Journal of Science 263: 110-119.

Sedell, J.R. and F.J. Triska. 1977. Biological consequences of large

organic debris in Northwest streams. Proceedings of the Second
Conference on Logging Debris in Streams, Oregon State University:
Corvallis, OR, 10 pp.

Smith, K.G. 1950. Standards for grading texture of erosional topography.
American Journal of Science 248: 655-668.

State of Oregon, Department of Forestry. 1975. Field guide to Oregon
forest practice rules. State of Oregon, Department of Forestry:
Salem, OR, 88 pp.

4
State of Washington, Department of Ecology. 1979. Forest practice

demonstration project--logging slash and debris. Report No. DOE -79-

5a -4, State of Washington, Department of Ecology: Olympia, WA, 38 pp.

Strahler, A.N. 1950. Equilibrium theory of erosional slopes approached
by frequency distribution analysis. American Journal of Science
248: 673-696, 800-814.

. 1952. Hypsometric (area-altitude) analysis of

erosional topography. Geological Society of America, Bulletin 63:
1117-1142.

. 1957. Quantitative analysis of watershed geomorphol-

ogy. American Geophysical Union, Transactions 38(6): 913-920.

Swanson, F.J. 1978. Lecture notes of January 19, 1978, Oregon State
University: Corvallis, OR.

Swanson, F.J. and G.W. Lienkaemper. 1975. The history and physical
effects of large organic debris in western Oregon streams. Proceed-
ings of a Conference on Logging Debris in Streams, Oregon State Uni-
versity: Corvallis, OR, 18 pp.

. 1978. Physical consequences of large organic debris

in Pacific Northwest streams. U.S. Forest Service, General Technical
Report PNW-69, Pacific Northwest Forest and Range Experiment Station:
Portland, OR, 12 pp.



179

Swanson, F.J., G.W. Lienkaemper, and J.R. Sedell. 1976. History,
physical effects, and management implications of large organic debris
in western Oregon streams. U.S. Forest Service, General Technical
Report PNW-56, Pacific Northwest Forest and Range Experiment Station:
Portland, OR, 15 pp.

Swanston, D.N. and F.J. Swanson. 1976. Timber harvesting, mass erosion,
and steepland forest geomorphology in the Pacific Northwest. In:

Coates, D.R. (ed.). 1976. Geomorphology and Engineering. Douden,
Hutchinson and Ross, Inc.: Stroudsburg, PA, pp. 199-221.

U.S. Forest Service. 1944. Forest statistics for Lincoln County, Oregon.
U.S. Forest Service, Report No. 93, Pacific Northwest Forest and
Range Experiment Station: Portland, OR, 20 pp.

Vanoni, V.A. 1975. Sedimentation Engineering. American Society of Civil
Engineers: New York, NY, 745 pp.

Wisler, C.O. and E.F. Brater. 1949. Hydrology. Wiley and Sons, Inc.:
New York, NY, 419 pp.

Wolman, M.G. 1955. The natural channel of Brandywine Creek, Pennsylvania.
U.S. Geological Survey, Professional Paper 271, 56 pp.

Woodford, A.O. 1951. Stream gradients and the Monterey Sea Valley.
Geological Society of American, Bulletin 62: 799-852.

Yang, C.T. 1971a. Formation of riffles and pools. Water Resources
Research 7(6): 1567-1574.

. 1971b. Potential energy and stream morphology.
Water Resources Research 7: 311-312.



APPENDICES



180

APPENDIX I

CHARACTERISTICS OF OBSTRUCTIONS CAUSING DISSIPATION
OF POTENTIAL ENERGY IN STUDY STREAMS

In the following tables, the height of log steps and falls is given

to the nearest foot (0.3 meters). The location of all obstructions is

described in river miles (1.6 kilometers) above the mouth of the indica-

ted stream. Stream order is given according to the method described by

Strahler (1957). The volume of wood comprising the log steps and the

volume of sediment impounded behind the log steps are given to an accuracy

of two significant digits. The cause of each obstruction is listed as

either natural (N) or related to human activities (H). Further elabora-

tion on the cause is given when possible to determine from evidence in

the field.
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Table I-1. North Fork Beaver Creek (enters Beaver Creek at RM 6.50).

HEIGHT FEATURE RM STREAM WOOD SEDIMENT CAUSE

(Ft.) ORDER (Ft.3) (Ft.3)

2 Falls 2.45 5 -- N-Bedrock
2 Falls 2.53 5 N-Bedrock
2 Falls 2.61 5 N-Bedrock
4 Falls 3.20 5 N-Bedrock
2 Falls 3.24 5 N-Bedrock
2 Falls 4.09 5 N-Bedrock
2 Falls 4.61 5 N-Bedrock
1 Log Step 4.67 5 1,100 60 H-Logging Debris
4 Falls 5.22 4 N-Bedrock
3 Falls 5.35 4 N-Boulders
5 Log Step 5.57 4 3,600 600 H-Logging Debris
4 Falls 5.60 4 -- -- N-Boulders

6 Log Step 5.64 4 6,600 2,200 H-Logging Debris
2 Falls 5.90 4 -- -- N-Boulders

6 Log Step 6.15 4 14,000 4,500 H-Logging Debris
1 Log Step 6.20 4 14,000 90 H-Logging Debris
3 Log Step 6.31 4 14,000 720 H-Logging Debris
2 Falls 6.35 4 -- N-Bedrock
1 Log Step 6.38 4 560 32 H-Buffer Blowdown
2 Falls 6.42 4 -- -- N-Boulders
3 Log Step 6.45 4 1,900 540 N

3 Log Step 6.49 4 240 90 N

1 Log Step 6.53 4 12 100 N

1 Log Step 6.58 4 1,700 30 N

4 Log Step 6.62 4 1,300 480 N

3 Log Step 6.65 4 1,500 300 N

2 Log Step 7.09 3 48 100 N

8 Log Step 7.15 3 80 450 H-Fish Ladder

3 Log Step 7.20 3 1,500 300 H-Logging Debris

2 Log Step 7.22 3 48 100 H-Logging Debris

Peterson Creek (enters North Fork Beaver Creek at RM 0.36)

1 Log Step 1.11 3 140 24 H-Buffer Blowdown

1 Log Step 1.24 3 140 50 H-Buffer Bhmdown
3 Log Step 1.30 3 180 120 H-Buffer Blowdown
6 Falls 1.37 3 N-Bedrock
2 Falls 1.42 3 N-Boulders
2 Log Step 1.47 3 540 200 N

2 Log Step 1.59 3 120 150 N

3 Log Step 1.62 3 480 220 N-Treefall

2 Log Step 1.68 3 110 60 N

2 Log Step 1.71 3 90 150 N

2 Falls 1.76 3 N-Boulders
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Table I-1 (cont.).

HEIGHT FEATURE RM STREAM WOOD SEDIMENT CAUSE
(Ft.) ORDER (Ft.3) (Ft.3)

1 Log Step 1.93 3 900 48 N

2 Log Step 1.97 3 90 150 N

6 Log Step 1.99 3 5,000 60 N-Treefall
6 Log Step 2.06 3 1,400 290 N

5 Falls 2.09 3 -- N-Boulders
3 Log Step 2.14 3 240 300 N

3 Log Step 2.16 3 580 140 N

4 Log Step 2.18 3 240 64 N

4 Log Step 2.20 3 1,800 600 N-Treefall
6 Log Step 2.22 3 3,000 650 N

5 Log Step 2.25 3 1,300 750 N-Treefall
1 Log Step 2.29 3 32 36 N-Treefall

12 Falls 2.31 3 N-Boulders
15 Falls 2.36 3 N-Boulders
2 Log Step 2.38 3 24 120 N-Treefall
5 Falls 2.40 3 -- -- N-Bedrock
1 Log Step 2.45 3 8 18 N-Treefall

Lewis Creek (enters North Fork Beaver Creek at RM 3.41)

1 Falls 0.05 3 N-Bedrock
2 Falls 0.09 3 N-Bedrock
2 Log Step 0.11 3 580 100 N-Treefall
1 Log Step 0.15 3 540 96 N-Treefall
1 Falls 0.21 3 N-Boulders
1 Falls 0.23 3 N-Boulders
2 Falls 0.27 3 N-Bedrock
2 Falls 0.33 3 N-Boulders
4 Falls 0.42 3 N-Boulders
1 Log Step 0.59 3 650 24 N-Treefall
2 Log Step 0.68 3 30 120 N

1 Falls 0.85 3 -- -- N-Boulders
3 Log Step 0.95 3 580 450 N-Bankslip
1 Log Step 0.99 2 8 24 N

3 Log Step 1.03 2 3,600 450 N-Treefall
5 Falls 1.08 2 -- N-Bedrock
2 Log Step 1.10 2 48 100 N

6 Falls 1.13 2 N-Bedrock
4 Log Step 1.16 2 450 200 N-Treefall
7 Falls 1.22 2 -- -- N-Bedrock
2 Log Step 1.25 2 120 95 N
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Table I-1 (cont.).

HEIGHT FEATURE RM STREAM WOOD SEDIMENT CAUSE
(Ft.) ORDER (Ft.3) (Ft.3)

Tributary A (enters North Fork Beaver Creek at RM 4.71)

1 Log Step 0.11 4 960 40 H-Logging Debris
2 Log Step 0.14 4 450 300 H-Logging Debris
1 Log Step 0.18 4 220 90 N

1 Falls 0.31 4 N-Boulders
2 Falls 0.35 4 N-Boulders

25 Log Step 0.37 4 190,000 50,000 N-Debris Torrent
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Table 1-2. Flynn Creek (joins with Horse Creek to form Meadow Creek at
RM 1.40 above junction with Drift Creek).

HEIGHT FEATURE RM STREAM WOOD SEDIMENT CAUSE

(Ft.) ORDER (Ft.3) (Ft.3)

4 Dam 1.32 4 H-Fish Wheel
2 L Dam 1.65 3 H-USGS Gage
2 Falls 1.71 3 -- N-Boulders
2 Log Step 1.83 3 20 150 N-Treefall
1 Falls 1.90 3 N-Boulders
1 Falls 1.91 3 -- N-Boulders
1 Log Step 2.02 3 9 70 N-Debris Avalanche
1 Log Step 2.18 3 8 30 N-Debris Avalanche
2 L Log Step 2.21 3 20 150 N-Bankslip
3 Falls 2.23 3 -- -- N-Bedrock
1 Log Step 2.25 3 7 25 N-Debris Avalanche
1 Falls 2.29 3 -- -- N-Boulders
1 Log Step 2.37 2 4 12 N-Treefall
2 Log Step 2.39 2 8 40 N-Treefall
3 Falls 2.41 2 N-Bedrock
2 ,, Falls 2.43 2 N-Bedrock
2 Falls 2.47 2 N-Bedrock
1 Log Step 2.50 2 4 8 N-Treefall
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Table 1-3. Elkhorn Creek (enters Beaver Creek at RM 4.90).

HEIGHT FEATURE RM STREAM WOOD SEDIMOT CAUSE
(Ft.) ORDER (Ft.3) (Ft.i)

2 Log Step 1.01 4 1,400 300 H-Logging Debris
1 Log Step 1.10 4 900 100 H-Buffer Blowdown
3 Log Step 1.57 4 360 130 N

1 Falls 1.67 4 N-Bedrock
1 Falls 1.36 4 N-Bedrock
1 Falls 2.11 4. -- N-Bedrock
1 Log Step 2.29 3 24 60 N

2 Log Step 2.32 3 50 96 N

2 Falls 2.35 3 -- -- N-Bedrock
5 Log Step 2.37 3 1,400 600 N

2 Log Step 2.47 3 18 140 N

2 Log Step 2.53 3 220 150 N

3 Log Step 2.60 3 22,400 3,800 N

2 Log Step 2.71 3 120 90 H-Buffer Blowdown
5 Log Step 2.76 3 3,800 750 H-Buffer Blowdown
3 Falls 2.83 3 -- N-Bedrock
5 Log Step 2.85 3 250 150 N

5 Falls 2.91 3 -- -- N-Boulders
2 Log Step 2.97 3 400 150 N-Treefall
2 Log Step 2.98 3 200 90 N-Treefall
2 Falls 3.22 3 N-Boulders
1 Falls 3.39 3 N-Bedrock
4 Log Step 3.54 3 1,200 400 N

2 Falls 3.60 3 -- N-Boulders
2 Log Step 3.70 3 60 110 N

3 Log Step 3.81 3 450 180 N

Tributary A (enters Elkhorn Creek at RM 2.19)

3 Falls 0.08 4 N-Boulders
6 Falls 0.12 4 N-Boulders
6 Falls 0.14 4 -- N-Boulders
2 Log Step 0.18 4 860 200 H-Logging Debris
1 Log Step 0.22 4 90 40 H-Logging Debris
1 Log Step 0.25 4 430 40 H-Logging Debris
1 Log Step 0.35 4 20 40 N-Treefall
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Table 1-4. Scott Creek (enters the Alsea River at RM 18.50).

HEIGHT FEATURE RM STREAM WOOD SEDIMENT CAUSE
(Ft.) ORDER (Ft.3) (Ft.3)

3 Falls 0.03 5 N-Bedrock
9 Falls 0.46 5 N-Bedrock
1 Falls 0.88 5 N-Bedrock
1 Falls 0.94 5 ...... N-Bedrock

East Fork (joins with West Fork to form mainstem at RM 1.05)

2 Falls 0.04 4 N-Bedrock
2 Falls 0.15 4 N-Bedrock
2 Falls 0.19 4 N-Bedrock
2 Falls 0.26 4 N-Bedrock
1 Falls 0.29 4 N-Bedrock
4 Log Step 0.43 4 2,900 600 H-Logging Debris
2 Falls 0.49 4 N-Bedrock
2 Falls 0.84 4 N-Bedrock
1 Falls 0.88 4 N-Bedrock
1 Falls 0.97 4 N-Bedrock
2 Falls 1.01 4 N-Bedrock
3 Falls 1.09 4 N-Bedrock
4 Falls 1.16 4 N-Boulders
2 Falls 1.27 4 N-Boulders
7 Falls 1.30 4 N-Boulders
2 Falls 1.58 4 N-Bedrock
4 Falls 1.62 4 N-Bedrock
5 Falls 1.71 4 N-Bedrock
1 Falls 1.74 4 N-Bedrock
2 Falls 1.77 4 N-Boulders
3 Log Step 1.91 4 16,000 1,800 N-Debris Torrent
5 Log Step 2.03 4 29,000 1,000 N-Debris Torrent
8 Log Step 2.07 4 58,000 8,000 N-Debris Torrent
1 Falls 2.15 4 N-Boulders
2 Falls 2.19 4 N-Boulders
5 Falls 2.21 4 N-Boulders

32 Falls 2.28 4 N-Boulders
7 Log Step 2.52 4 3,200 1,000 N-Debris Torrent
2 Log Step 2.71 4 960 300 N
5 Falls 3.27 4 N-Boulders

10 Falls 3.33 4 N-Bedrock
3 Falls 3.37 4 N-Bedrock
1 Falls 3.50 4 N-Bedrock
2 Falls 3.54 4 N-Boulders
3 Falls 3.62 4 N-Boulders
7 Log Step 3.63 4 13,000 1,200 H-Logging Debris
3 Log Step 3.64 4 860 360 H-Logging Debris
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Table 1-4 (cont.).

HEIGHT FEATURE RM STREAM WOOD SEDIMENT CAUSE
(Ft.) ORDER (Ft.3) (Ft.3)

1 Falls 3.68 4 N-Boulders
2 Falls 3.74 4 -- N-Boulders
3 Log Step 3.78 4 96 450 N

3 Falls 3.81 4 -- _ _ N-Boulders
2 Log Step 3.84 4 60 120 N

3 Falls 3.90 4 -- N-Boulders
6 Log Step 3.98 4 7,200 1,100 N

1 Log Step 4.03 4 3,000 150 N

10 Falls 4.08 4 -- -- N-Boulders
5 Log Step 4.13 4 600 1,500 N

5 Falls 4.14 4 -- -- N-Boulders
4 Log Step 4.20 4 240 400 N

2 Log Step 4.23 4 7,500 200 N

9 Falls 4.27 4 N-Boulders
10 Falls 4.30 4 N-Boulders
12 Falls 4.36 4 N

Tributary A (enters East Fork at RM 1.45)

3 Log Step 0.03 3 90 50 N-Treefall
5 Log Step 0.08 3 360 180 H-Logging Debris

40 Falls 0.11 3 N-Bedrock

West Fork (joins with East Fork to form mainstem at RM 1.05)

1 Falls 0.05 4 N-Bedrock
2 Falls 0.08 4 N-Boulders
5 Falls 0.13 4 N-Boulders
6 Falls 0.17 4 N-Boulders
3 Falls 0.20 4 N-Boulders
3 Culvert 0.55 4 H-Road
5 Falls 0.59 4 N-Boulders
4 Falls 0.72 4 N-Boulders
5 Falls 0.78 4 N-Boulders
6 Falls 0.79 4 N-Boulders
6 Falls 0.82 4 N-Boulders
3 J Falls 0.86 4 -- N-Boulders

14 Log Step 0.89 4 21,000 5,900 H-Logging Debris
5 Falls 0.94 4 -- -- N-Boulders
2 Log Step 1.03 4 140 150 N

6 Falls 1.03 4 -- -- N-Boulders
5 Log Step 1.15 4 120 370 N

3 Falls 1.19 4 -- -- N-Boulders
15 Log Step 1.24 4 16,000 6,700 H-Logging Debris
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Table 1-4 (cont.).

HEIGHT
(Ft.)

FEATURE RM STREAM
ORDER

WOOD
(Ft.3)

SEDIMENT
(Ft.3)

CAUSE

3 Log Step 1.30 4 96 220 H-Logging Debris

3 Log Step 1.32 4 180 220 H-Logging Debris

3 Falls 1.34 4 -- N-Boulders
6 Falls 1.37 4 -- N-Boulders
6 Falls 1.40 4 N-Boulders
2 Log Step 1.46 4 48 140 N

4 Falls 1.51 4 N-Boulders

15 Falls 1.55 4 N-Boulders



189

Table 1-5. Canal Creek (enters the Alsea River at RM 9.60).

HEIGHT FEATURE RM STREAM WOOD SEDIMENT CAUSE
(Ft.) ORDER (Ft.3) (Ft.3)

1 Falls 3.51 5 N-Bedrock
1 Log Step 4.25 4 50 48 N

1 Log Step 4.78 4 300 110 N

2 Log Step 5.49 4 120 340 N
2 Log Step 5.89 4 100 120 N

Bear Creek (enters Canal Creek at RM 2.39)

1 Log Step 0.05 4 300 28 N-Treefall
I Log Step 0.25 4 200 120 N-Treefall
1 Log Step 0.50 3 180 120 N-Treefall
1 Log Step 0.57 3 750 60 N-Treefall
2 Falls 0.78 3 -- -- N-Bedrock
3 Log Step 0.82 3 960 360 N-Treefall
3 Log Step 1.09 3 580 240 N
1 Log Step 1.30 3 540 96 N

1 Falls 1.39 3 -- -- N-Bedrock
2 Log Step 1.46 3 4,800 140 N-Treefall
2 Log Step 1.51 3 320 100 N

3 Falls 1.57 3 N-Boulders
5 Falls 1.61 3 N-Boulders
1 Falls 1.64 3 N-Boulders

West Creek (enters Canal Creek at RM 3.65)

2 Log Step 0.21 4 1,200 150 N-Bankslip
2 Log Step 0.38 4 72 200 N-Treefall
1 Falls 0.63 4 N-Boulders
2 Falls 0.66 4 N-Boulders
2 Falls 1.05 4 N-Bedrock
2 Falls 1.25 4 N-Bedrock
2 Falls 1.42 4 N-Bedrock
2 Falls 1.43 4 N-Bedrock
3 Falls 1.51 4 N-Bedrock
3 Falls 1.57 4 N-Bedrock
3 Falls 1.62 4 N-Bedrock
5 Falls 1.64 3 N-Bedrock
5 Falls 1.66 3 N-Bedrock
6 Falls 1.69 3 N-Bedrock
5 Falls 1.71 3 N-Bedrock
3 Falls 1.75 3 N-Bedrock
7 Falls 1.80 3 N-Bedrock
1 Falls 1.81 3 N-Bedrock
3 Log Step 1.82 3 420 120 N-Debris Torrent
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Table 1-5 (cont.).

HEIGHT FEATURE RM STREAM WOOD SEDIMENT CAUSE
(Ft.) ORDER (Ft.3) (Ft.3)

East Fork (enters Canal Creek at RM 4.00)

1 Falls 0.05 5 N-Boulders
1 Log Step 0.14 5 250 24 N-Treefall
2 Falls 0.27 5 N-Bedrock
2 Falls 0.69 4 N-Bedrock

Tributary A (enters Canal Creek at RM 6.75)

7 Falls 0.12 3 N-Boulders
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Table 1-6. Big Creek-- Lincoln County (enters the Pacific Ocean).

HEIGHT
(Ft.)

FEATURE RM STREAM
ORDER

WOOD
(Ft.3)

SEDIMENT
(Ft.3)

CAUSE

1 Log Step 0.56 5 350 38 H-Logging Debris
1 Log Step 0.70 4 290 22 H-Logging Debris
3 Log Step 0.74 4 600 340 H-Logging Debris
2 Log Step 0.83 4 480 600 H-Logging Debris
2 Log Step 1.13 4 160 90 N-Treefall
1 Log Step 1.25 4 15 60 N-Treefall

1 Log Step 1.29 4 12 110 N-Treefall
1 Log Step 1.31 4 30 65 N-Treefall
2 Log Step 1.35 4 120 150 N-Treefall

2 Log Step 1.39 4 220 240 N-Treefall

1 Log Step 1.54 4 12 60 N-Treefall

2 Log Step 1.58 4 24 220 N-Treefall

4 Log Step 1.68 4 40 240 N-Treefall

2 Log Step 1.76 4 380 230 N-Treefall

3 Log Step 1.83 4 400 450 N-Treefall

2' Log Step 1.88 4 880 440 N-Treefall

2 Log Step 1.93 4 60 90 N-Treefall

10 Log Step 2.03 4 4,300 1,700 N-Flotation
25 Falls 2.05 4 N-Bedrock

4 Falls 2.06 4 N-Bedrock
5 Falls 2.09 4 N-Bedrock

2 Falls 2.11 4 N-Bedrock
1 Falls 2.13 4 N-Bedrock
1 Falls 2.15 4 N-Bedrock

3 Log Step 2.20 3 16 84 N-Treefall

2 Log Step 2.24 3 24 120 N-Treefall

1 Log Step 2.27 3 16 30 N-Treefall

4 Log Step 2.31 3 24 180 N-Flotation
1 Log Step 2.34 3 12 6 N-Treefall

3 Log Step 2.37 3 430 450 N-Treefall

2 , Log Step 2.42 3 500 270 N-Treefall

3 Log Step 2.44 3 160 450 N-Treefall

2 Log Step 2.46 3 48 90 N-Treefall

3 Dam 2.51 3 -- H-Water Intake

5 Log Step 2.61 3 2,100 800 N-Treefall

3 Log Step 2.62 3 190 220 N-Treefall

3 Log Step 2.66 3 270 450 N-Treefall

3 Log Step 2.75 3 1,800 360 N-Treefall

1 Log Step 2.79 3 28 48 N-Treefall

2 Falls 2.86 3 N-Bedrock

2 Falls 2.88 3 N-Boulders

2 Log Step 2.99 3 320 270 N-Treefall

2 Log Step 3.04 3 180 140 N-Treefall

2 Log Step 3.09 3 40 70 N-Treefall



192

Table 1-6 (cont.).

HEIGHT FEATURE RM STREAM WOOD SEDIMOT CAUSE
(Ft.) ORDER (Ft.3) (Ft.')

6 Log Step 3.17 3 4,500 430 N-Treefall
3 Log Step 3.22 3 72 150 N-Treefall
8 Log Step 3.39 3 23,000 480 H-Logging Debris
4 Falls 3.43 3 -- -- N-Boulders
3 Log Step 3.60 3 1,900 360 H-Logging Debris
3 Log Step 3.73 3 64 130 N-Treefall
2 L Log Step 3.96 3 600 360 N-Treefall
3 Log Step 4.05 3 230 180 N-Treefall
4 Log Step 4.23 3 430 500 N-Treefall
5 Log Step 4.25 3 270 240 H-Logging Debris
2 Log Step 4.29 3 140 150 H-Logging Debris

Dick's Fork (enters Big Creek - Lincoln County at RM 0.63)

2 Log Step 0.08 4 1,400 180 N-Treefall
2 Log Step 0.15 4 5,000 360 N-Treefall
2 Log Step 0.54 4 140 100 N-Treefall
2 Log Step 0.68 4 180 120 N-Treefall
1 Log Step 0.94 4 600 150 N-Treefall
2 Log Step 0.98 4 1,800 300 N-Treefall
1 Log Step 1.01 4 480 50 N-Treefall
2 Log Step 1.08 4 600 140 N

3 Log Step 1.22 4 2,400 360 N-Treefall
2 Log Step 1.27 4 480 180 N-Treefall
1 Log Step 1.51 3 80 110 N-Treefall
3 Log Step 1.55 3 1,100 360 N-Treefall
2 Log Step 1.63 3 80 110 N-Treefall
1 Log Step 1.70 3 15 50 N
2 Log Step 1.76 3 290 120 N

2 Log Step 1.82 3 72 150 N
2 Log Step 1.90 3 2,400 300 N

15 Falls 1.92 3 -- -- N-Bedrock
3 Log Step 1.96 3 540 230 N

3 Log Step 2.00 3 290 450 N

1 Log Step 2.15 3 290 250 N-Treefall
4 Log Step 2.21 3 1,000 210 H-Logging Debris
2 Log Step 2.25 3 120 60 H-Logging Debris
5 Log Step 2.29 3 1,800 750 H-Logging Debris
3 Log Step 2.39 3 190 120 H-Logging Debris
3 Log Step 2.43 3 960 300 H-Logging Debris
2 Falls 2.49 3 -- -- N-Boulders
2 Log Step 2.55 3 1,100 450 H-Logging Debris
5 Log Step 2.57 3 1,400 1,400 H-Logging Debris

21 Log Step 2.61 3 3,700 6,900 H-Logging Debris
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Table 1-6 (cont.).

HEIGHT
(Ft.)

FEATURE RM STREAM
ORDER

WOOD
(Ft.3)

SEDIMENT
(Ft.3)

CAUSE

2 Log Step 2.64 3 180 300 N

3 Log Step 2.70 3 180 320 H-Logging Debris
9 Log Step 2.74 3 8,600 2,700 N

2 Falls 2.77 3 -- N-Bedrock
3 Log Step 2.82 3 300 450 N

4 Log Step 2.95 3 200 800 N

South Fork (enters Big Creek - Lincoln County at RM 1.00)

1 Log Step 0.78 3 10 40 N-Treefall
2 Log Step 0.83 3 150 110 N-Treefall
2 Log Step 0.88 3 540 300 N-Treefall
3 Log Step 1.06 3 220 380 N-Treefall
1 Log Step 1.26 3 84 30 N-Treefall
3 Log Step 1.57 3 280 410 N-Treefall
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Table 1-7. Cape Creek-- Lincoln County (enters the Pacific Ocean).

HEIGHT FEATURE RM STREAM WOOD SEDIMENT CAUSE
(Ft.) ORDER (Ft.3) (Ft.3)

8 Culvert 0.09 3 H-Road
2 Log Step 1.32 3 360 300 N-Debris Torrent
2 Log Step 1.49 3 6,000 160 N-Debris Torrent
2 Log Step 1.54 3 1,400 140 N-Treefall
2 Log Step 1.61 3 500 210 N

3 Log Step 1.62 3 180 420 N

2 Log Step 1.68 3 60 400 N

1 Log Step 1.79 3 66 30 N

3 Log Step 1.86 3 220 500 N
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Table 1-8. Stump Creek (enters the Yachats River at RM 10.80),

HEIGHT FEATURE RM STREAM woop SEDIMLNT CAUSE
(Ft.) ORDER (Ft.') (Ft.')

3 Falls 0.56 5 N-Bedrock
2 Log Step 0.92 4 140 120 N

3 Log Step 1.07 4 110 480 N

1 Log Step 1.40 3 60 20 N

2 Log Step 1.51 3 150 600 N

3 Log Step 2.05 2 180 360 N

5 Falls 2.10 2 N-Bedrock
3 Falls 2.14 2 N-Bedrock

1 Log Step 2.28 2 640 12 H-Logging Debris
1 Log Step 2.33 2 80 30 H-Logging Debris
2 Log Step 2.50 2 410 80 H-Logging Debris
2 Falls 2.54 2 N-Boulders
3 Falls 2.57 2 N-Boulders

Keller Creek (enters Stump Creek at RM 0.35)

2 Log Step 0.15 3 1,000 480 N

1 Log Step 0.23 3 54 160 N

3 Log Step 0.82 3 330 750 N-Treefall
2 Log Step 1.78 2 200 600 N

3 Log Step 1.84 2 240 360 N-Treefall
4 Log Step 1.87 2 680 14,000 N

3 Log Step 1.99 2 720 600 N

Tributary B (enters Stump Creek at RM 1.17)

3 Log Step 0.04 3 480 900 N



Table 1-9. Cummins Creek (enters the Pacific Ocean).
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HEIGHT FEATURE RM STREAM WOOD SEDIMENT CAUSE
(Ft.) ORDER (Ft.3) (Ft.3)

1 Log Step 0.21 4 8,000 30 N-Drift Logs
3 Log Step 0.35 4 800 900 N-Flotation
1 Log Step 0.47 4 3,600 60 N-Flotation
2 Log Step 0.79 4 1,600 400 N-Treefall
2 Log Step 0.81 4 150 630 N-Treefall
2 Log Step 1.14 4 1,500 160 N-Treefall
3 Log Step 1.66 4 2,200 1,900 N-Treefall

12 Log Step 2.48 4 9,000 9,000 H-Debris Torrent
1 Log Step 3.27 4 320 75 N
3 Log Step 3.91 4 150 1,200 N
3 Log Step 4.10 4 900 560 N-Treefall
3 Log Step 4.22 4 400 450 N

3 Log Step 4.32 4 240 470 N
2 Log Step 4.61 4 360 630 N-Treefall
4 Log Step 4.63 4 680 720 N-Treefall
1 Log Step 4.66 4 25 40 N
3 Log Step 4.93 4 1,300 560 N-Treefall
6 Log Step 5.09 4 900 1,900 N

2 Log Step 5.23 3 60 110 N
12 Log Step 5.28 3 38,000 7,200 N-Treefall
2 Log Step 5.38 3 150 600 N
1 Log Step 5.40 3 10 60 N
2 Log Step 5.44 3 300 3,200 N
1 Log Step 5.81 3 450 95 N-Treefall
2 Log Step 5.84 3 150 360 N-Treefall
10 Log Step 5.91 3 48,000 1,800 N-Treefall

1 Falls 6.13 3 N-Boulders
2 Falls 6.22 3 N-Boulders
4 Falls 6.25 3 N-Boulders
2 Falls 6.28 3 N-Boulders
2 Falls 6.33 3 N-Boulders
1 Falls 6.44 3 N-Boulders

Little Cummins Creek (enters Cummins Creek at RM 0.10)

10 Falls 0.01 3 N-Bedrock
2 Log Step 0.14 3 110 35 N-Treefall
2 Log Step 0.21 3 40 90 N-Flotation
2 Log Step 0.36 3 180 300 N-Treefall
1 Log Step 0.56 3 30 65 N

1 Log Step 0.75 3 10 95 N-Treefall
3 Falls 1.13 3 -- N-Bedrock
1 Log Step 1.22 3 20 45 N
1 Log Step 1.44 3 50 65 N-Treefall
2 Falls 1.52 3 N-Bedrock
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Table 1-9 (cont.).

HEIGHT
(Ft.)

FEATURE RM STREAM
ORDER

8 Falls 1.62 3

5 Falls 1.67 3

1 Falls 1.72 3

3 Falls 1.78 3

1 Falls 1.83 3
2 Falls 1.91 3

woot SEDIMENT CAUSE
(Ft.') (Ft.3)

N-Bedrock
N-Bedrock
N-Bedrock
N-Bedrock
N-Bedrock
N-Bedrock



198

Table 1-10. Bob Creek (enters the Pacific Ocean).

HEIGHT FEATURE RM STREAM WOOD SEDIMENT CAUSE
(Ft.) ORDER (Ft.3) (Ft.3)

7 Falls 0.41 4 N-Bedrock
2 Log Step 0.83 4 540 720 N-Treefall
2 Log Step 0.90 4 2,000 120 N-Flotation
3 Falls 1.13 4 N-Bedrock
5 Log Step 1.20 4 12,000 7,500 N-Debris Torrent
3 Log Step 1.73 4 4,200 3,000 N

3 Log Step 1.83 3 18,000 900 N-Debris Torrent
6 Log Step 2.08 3 65,000 12,000 N

2 Log Step 2.32 3 1,500 700 N-Treefall
3 Log Step 2.41 3 1,700 600 N-Flotation
4 Log Step 2.45 3 80 800 N
2 Falls 2.56 3 N-Boulders
2 Log Step 2.58 3 840 300 N

5 Log Step 2.61 3 1,600 1,500 N
5 Log Step 2.91 3 1,700 3,800 N
5 Log Step 2.98 3 4,200 3,000 N

7 Log Step 3.04 3 5,300 3,200 N
5 Log Step 3.08 3 6,000 1,900 N
6 Log Step 3.18 3 10,000 5,300 N-Debris Torrent
4 Log Step 3.69 3 1,700 600 N-Flotation
3 Log Step 4.25 3 840 700 N
2 Falls 4.48 3 N-Boulders
2 Log Step 4.53 3 15 120 N
7 Log Step 4.69 3 15,000 1,400 N

3 Falls 4.75 3 N-Boulders
1 Log Step 4.78 3 40 40 N-Treefall
2 Log Step 4.83 3 80 300 N-Treefall
2 Falls 4.89 3 N-Boulders
2 Falls 4.95 3 N-Boulders
4 Log Step 5.00 3 1,200 800 N

5 Falls 5.06 3 N-Boulders
2 Log Step 5:09 3 1,600 120 N

4 Falls 5.14 3 N-Boulders
2 Log Step 5.21 3 880 740 N-Treefall
3 Falls 5.34 3 N-Boulders
1 Log Step 5.39 3 100 40 N-Treefall
3 Log Step 5.47 3 750 900 N-Treefall
2 Log Step 5.56 3 600 240 N

1 Log Step 5.72 3 1,200 320 N

4 Falls 5.84 3 N-Boulders
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Table I-11. Rock Creek (enters the Pacific Ocean).

HEIGHT FEATURE RM STREAM WOOD SEDIMENT CAUSE
(Ft.) ORDER (Ft.3) (Ft.3)

2 Log Step 0.64 4 180 600 N-Treefall
1 Falls 1.97 4 N-Bedrock
2 Falls 2.15 4 N-Boulders
2 Log Step 2.75 4 120 240 N

2 Log Step 2.91 4 540 280 N-Treefall
2 Falls 3.00 4 N-Bedrock
4 Falls 3.05 4 N-Bedrock
3 Falls 3.10 4 N-Bedrock
2 Falls 3.15 4 N-Boulders
1 Log Step 3.19 4 48 230 N-Treefall
1 Log Step 3.30 4 24 270 N-Treefall
3 Falls 3.42 4 N-Boulders
2 Falls 3.46 4 N-Boulders
1 Falls 3.51 4 N-Boulders
4 Falls 3.59 4 N-Bedrock
3 Falls 3.66 4 N-Bedrock
1 Falls 3.73 4 N-Boulders
2 Falls 3.78 4 N-Bedrock
3 Log Step 3.81 4 1,000 600 N-Bankslip
7 Log Step 3.88 4 920 1,200 N-Bankslip
4 Falls 3.91 4 -- -- N-Bedrock
10 Log Step 3.94 4 1,400 2,200 N

3 Falls 3.99 4 -- -- N-Boulders
2 Log Step 4.03 4 72 450 N

2 Log Step 4.07 4 270 150 N

2 Log Step 4.12 4 300 240 N

7 Falls 4.22 4 -- -- N-Bedrock
12 Log Step 4.25 4 5,200 10,000 N

3 Log Step 4.30 4 320 540 N

1 Falls 4.39 4 N-Boulders
4 Falls 4.43 4 N-Bedrock
1 Falls 4.46 4 N-Boulders
3 Falls 4.49 4 N-Bedrock

10 Falls 4.52 4 N-Bedrock
2 Falls 4.57 4 N-Boulders
5 Falls 4.60 4 N-Boulders
4 Falls 4.62 4 N-Bedrock
2 Falls 4.69 4 N-Bedrock
9 Falls 4.71 4 N-Bedrock
2 Falls 4.74 4 N-Boulders

16 Falls 4.76 4 N-Bedrock
3 Falls 4.79 4 N-Bedrock
1 Falls 4.87 4 N-Boulders
5 Falls 4.94 3 N-Bedrock



Table I-11 (cont.).

HEIGHT FEATURE RM STREAM WOOD SEDIMLNT CAUSE
(Ft.) ORDER (Ft.3) (Ft.')

5 Falls 4.98 3 N-Boulders
2 Falls 5.05 3 N-Bedrock
6 Falls 5.06 3 N-Bedrock
10 Falls 5.14 3 N-Boulders
3 Log Step 5.15 3 290 240 N

10 Falls 5.16 3 -- N-Boulders
10 Log Step 5.18 3 1,500 3,000 N

18 Falls 5.20 3 -- N-Boulders
3 Log Step 5.21 3 120 680 N

35 Falls 5.23 3 -- -- N-Boulders
5 Log Step 5.25 3 140 300 N

2 Falls 5.26 3 -- -- N-Boulders
2 Log Step 5.28 3 60 150 N

40 Falls 5.30 3 N-Boulders
4 Falls 5.31 3 N-Boulders
3 Falls 5.33 3 N-Boulders
5 Falls 5.35 3 N-Boulders
3 Log Step 5.36 3 60 30 N

8 Falls 5.38 3 N-Boulders
10 Falls 5.40 3 N-Boulders

200
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Table 1-12. Big Creek-- Lane County (enters the Pacific Ocean).

HEIGHT
(Ft.)

FEATURE RM STREAM
ORDER

WOO Q

(Ft.3)
SEDIMENT
(Ft.3)

CAUSE

2 Log Step 2.38 5 300 1,200 N-Flotation
4 Log Step 2.66 5 32,000 3,500 N-Debris Torrent
1 Log Step 4.09 5 1,300 540 N-Treefall
7 Falls 5.25 5 -- -- N-Boulders
2 Log Step 5.63 5 8,000 600 H-Logging Debris
2 Log Step 5.90 5 600 720 H-Logging Debris
3 Falls 6.39 4 -- N-Bedrock
2 Log Step 6.41 4 1,700 600 N-Bankslip
5 Falls 6.61 4 -- -- N-Boulders
5 Log Step 6.68 4 760 750 H-Logging Debris
5 Falls 7.04 3 N-Boulders
2 Falls 7.17 3 N-Bedrock
2 Log Step 7.24 3 220 90 N-Treefall
6 Falls 7.27 3 -- -- N-Boulders
1 Log Step 7.65 3 800 110 N-Treefall
3 Falls 7.85 3 -- -- N-Boulders
4 Log Step 7.90 3 560 900 N-Treefall
6 Falls 7.95 3 -- -- N-Boulders
3 Log Step 8.00 3 240 400 N-Treefall

12 Falls 8.05 3 -- -- N-Boulders
1 Log Step 8.07 3 480 150 N-Flotation
2 Log Step 8.14 3 350 300 N

6 Log Step 8.20 3 3,200 900 N

Tributary A (enters Big Creek - Lane County at RM 1.23)

2 Log Step 0.03 3 60 290 N

2 Culvert 0.07 3 H-Road
6 Falls 0.32 3 N-Bedrock
8 Falls 0.38 3 N-Bedrock

Tributary B (enters Big Creek - Lane County at RM 5.47)

2 Log Step 0.11 3 130 400 H-Logging Debris
5 Falls 0.14 3 N-Boulders
5 Log Step 0.18 3 1,100 600 H-Logging Debris
6 Log Step 0.27 3 960 4,500 H-Logging Debris
5 Log Step 0.33 3 380 1,000 H-Logging Debris
7 Falls 0.50 3 N-Boulders

Tributary C (enters Big Creek - Lane County at RM 6.31)

5 Log Step 0.19 4 1,000 1,400 H-Logging Debris
7 Log Step 0.24 4 3,000 1,900 H-Logging Debris



Table 1-12 (cont.).

HEIGHT FEATURE RM STREAM WOOD SEDIMENT CAUSE
(Ft.) ORDER (Ft.3) (Ft.3)

3 Falls 0.34 4 N-Bedrock
2 Falls 0.38 4 N-Boulders
4 Log Step 0.51 4 6,000 1,500 N-Debris Torrent
6 Log Step 0.72 4 3,800 1,400 N

1 Log Step 0.84 3 72 75 N

Tributary D (enters Big Creek Lane County at RM 6.78)

1 Falls 0.16 3 N-Bedrock
2 Log Step 0.20 3 72 150 N

6 Falls 0.34 3 -- -- N-Bedrock
2 Log Step 0.41 3 720 240 N

2 Falls 0.45 3 N-Bedrock
3 Falls 0.80 3 N-Bedrock
4 Log Step 0.85 3 330 750 N-Treefall
2 Log Step 0.93 3 700 300 N-Treefall
2 Log Step 1.00 3 180 250 N-Flotation
1 Falls 1.05 3 -- -- N-Boulders
2 Log Step 1.11 3 72 200 N-Flotation
3 Falls 1.14 3 -- -- N-Boulders
2 Log Step 1.21 3 120 270 N

4 Falls 1.24 3 N-Boulders
5 Falls 1.29 3 N-Boulders
5 Log Step 1.33 3 880 750 N

2 Log Step 1.38 3 120 180 N-Bankslip
1 Log Step 1.40 3 12 72 N

202
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Table 1-13. Cape Creek-- Lane County (enters the Pacific Ocean).

HEIGHT
(Ft.)

FEATURE RM STREAM
ORDER

WOOQ
(Ft.i)

SEDIMENT
(Ft.3)

CAUSE

1 Log Step 0.76 5 960 100 N-Treefall
4 Falls 2.97 5 N-Bedrock
4 Falls 3.04 5 N-Bedrock
6 Log Step 3.57 5 12,000 4,200 H-Logging Debris
4 Log Step 4.03 4 38,000 12,000 N-Debris Torrent
2 Log Step 4.40 4 540 1,200 N-Treefall
1 Log Step 4.58 4 2,400 96 N-Treefall
4 Log Step 4.92 4 400 110 N

3 Log Step 4.95 4 800 6,000 N
4 Log Step 4.98 4 590 10,000 N
4 Log Step 5.07 4 6,400 1,000 N
2 Falls 5.15 4 -- -- N-Boulders
2 Log Step 5.20 4 420 200 N

4 Log Step 5.25 4 9,500 960 N
2 Falls 5.27 4 -- -- N-Boulders
5 Log Step 5.35 4 2,100 600 N-Treefall
2 Log Step 5.39 4 2,200 750 N

4 Falls 5.42 4 N-Boulders
4 Falls 5.61 4 N-Boulders
6 Log Step 5.65 4 800 2,600 N
7 Falls 5.70 4 -- -- N-Boulders

12 Log Step 5.78 3 1,000 140 H-Logging Debris
7 Falls 5.82 3 -- -- N-Boulders
2 Log Step 5.83 3 1,800 120 H-Logging Debris
6 Log Step 5.91 3 4,800 450 N

3 Log Step 5.96 3 270 180 N

5 Falls 6.04 3 -- -- N-Boulders
2 Log Step 6.09 3 580 120 N
2 Falls 6.14 3 -- -- N-Boulders
1 Log Step 6.19 3 48 20 N
1 Falls 6.30 3 N-Boulders
1 Falls 6.37 3 N-Boulders
3 Log Step 6.45 3 640 90 N
2 Falls 6.51 2 -- -- N-Boulders
3 Log Step 6.58 2 800 400 N

Wapiti Creek (enters Cape Creek - Lane County at RM 1.70)

1 Falls 0.51 4 N-Bedrock
1 Falls 0.52 4 N-Bedrock
4 Falls 0.57 4 N-Bedrock
4 Log Step 0.61 3 360 2,700 N

1 Log Step 0.68 3 200 150 H-Buffer Blowdown
3 Falls 0.88 3 N-Bedrock
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Table 1-13 (cont.).

HEIGHT FEATURE RM STREAM WOOD SEDIMENT CAUSE
(Ft.) ORDER (Ft.3) (Ft.3)

3 Log Step 1.23 3 3,600 1,100 N
3 Log Step 1.31 3 530 360 N
2 Log Step 1.51 3 80 300 N
5 Log Step 1.73 3 400 9,000 N
2 Log Step 1.81 3 500 120 N-Treefall
2 Log Step 1.85 3 720 130 N
2 Log Step 1.89 3 500 300 N
3 Log Step 2.11 3 300 750 N
4 Log Step 2.31 3 3,200 800 N
2 Log Step 2.38 3 290 180 H-Buffer Blowdown
4 Log Step 2.45 3 25,000 6,000 H-Logging Debris
5 Log Step 2.74 2 1,200 700 N
4 Falls 2.80 2 -- -- N-Boulders
5 Log Step 2.92 2 9,000 4,500 H-Debris Torrent
7 Log Step 2.97 2 7,200 1,200 H-Debris Torrent
6 Falls 3.03 2 -- -- N-Boulders
6 Log Step 3.25 2 11,000 11,000 H-Logging Debris

10 Falls 3.54 1 -- -- N-Bedrock

Tributary A (enters Wapiti Creek at RM 2.29)

8 Falls 0.01 3 N-Bedrock
3 Falls 0.09 3 N-Bedrock
5 Log Step 0.13 3 1,200 1,500 N-Bankslip
4 Log Step 0.16 3 1,200 320 N
1 Log Step 0.21 3 500 75 N
2 Log Step 0.25 3 1,900 170 N
1 Log Step 0.45 3 720 120 H-Buffer Blowdown
2 Log Step 0.53 3 120 70 N
2 Log Step 0.57 3 720 280 N-Slump
1 Falls 0.70 3 N-Boulders
2 Falls 0.74 3 N-Boulders

North Fork (enters Cape Creek - Lane County at RM 3.91)

2 Log Step 0.15 4 120 120 N-Treefall
2 Log Step 0.41 3 120,000 12,000 H-Logging Debris
2 Log Step 0.50 3 300 80 H-Logging Debris
3 Log Step 0.60 3 4,300 300 H-Logging Debris
2 Log Step 0.68 3 480 160 H-Logging Debris
5 Log Step 0.75 3 960 240 H-Logging Debris
4 Log Step 0.84 3 3,600 1,400 H-Logging Debris
2 Log Step 0.99 3 600 180 H-Logging Debris
5 Log Step 1.07 3 960 240 H-Logging Debris



205

Table 1-13 (cont.).

HEIGHT FEATURE RM STREAM WOOD SEDIMENT CAUSE
(Ft.) ORDER (Ft.3) (Ft.3)

8 Log Step 1.22 3 6,600 3,200 N

Tributary B (enters Cape Creek - Lane County at RM 5.23)

2 Falls 0.05 3 N-Boulders
3 Log Step 0.08 3 300 550 N-Bankslip
6 Log Step 0.12 3 21,000 4,200 N

10 Log Step 0.17 3 22,000 7,500 N-Debris Torrent
6 Log Step 0.19 3 11,000 2,600 H-Debris Torrent
5 Falls 0.23 3 N-Boulders

12 Log Step 0.29 3 86,000 58,000 H-Debris Torrent
2 Falls 0.30 3 -- N-Bedrock
5 Falls 0.33 3 N-Bedrock
5 Falls 0.36 3 N-Boulders
4 Falls 0.38 3 N-Boulders
6 Log Step 0.41 3 1,900 4,500 N-Flotation
8 Log Step 0.44 3 13,000 4,000 H-Debris Torrent
6 Log Step 0.47 3 48,000 3,000 H-Debris Torrent
3 Log Step 0.56 3 1,800 600 N

1 Falls 0.61 3 -- -- N-Boulders
2 Log Step 0.65 3 400 200 N

Tributary C (enters Cape Creek - Lane County at RM 5.60)

40 Falls 0.05 3 N-Boulders
6 Log Step 0.07 3 800 2,600 N

2 Log Step 0.46 3 240 200 N
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APPENDIX II

APPLICATION OF STATISTICAL TECHNIQUES AND
CRITICAL VALUES OF THE TEST STATISTIC

The Chi Square Test

General Purpose: A non-parametric test for differences between unpaired
measurements transformed into frequencies.

Application: To calculate the proximity to equilibrium of stream net-
works in each study basin, treating the mean number of
feet in stream segments as frequency data.

Critical Values of X
2

: mainstream order df 0.05 0.10

3 2 5.99 4.60
4 3 7.82 6.25
5 4 9.49 7.78

Note: The calculated value of X
2
must be less than the critical value

of X2 for the stream network to be judged at equilibrium.

The Wilcoxon Test

General Purpose: A non-parametric test for differences between paired
measurements transformed into ranks.

Application: To judge the significance of fails and/or log steps on the
proximity to equilibrium of stream networks.

Critical Value of T = 17 at the 0.05 level of significance.

Note: The calculated value of T must be less than the critical value of
T for differences can be judged significant.

The Mann-Whitney Test

General Purpose: A non-parametric test for differences between unpaired
measurements transformed into ranks.
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Application: To judge whether observed differences between two land-
types are significant.

Critical Values of M (for seven basins in one landtype and six basins
the other landtype):

Calculated M Critical M

0 .001

1 .001

2 .002
3 .004
4 .007
5 .011

6 .017
7 .026
8 .037
9 .051

10 .069
11 .090
12 .117
13+ .147+

in

Note: The critical value of M must be less than 0.05 at a given calcu-
lated value of M for differences between landtypes to be judged
significant.

The Kruskal-Wallis Test

General Purpose: A non-parametric test for differences between unpaired
measurements transformed into ranks.

Application: To judge whether observed differences between three or more
landtypes or streams of different orders are significant.

Critical Values of H: no. of landtypes a
mainstream order

b
df 0.05 0.10

3 3 2 5.99 4,60
4 4 3 7.82 6.25
5 5 4 9.49 7.78

aApplicable. if testing differences between landtypes.
bApplicable if testing differences between streams of different orders.

Note: The calculated value of H must exceed the critical value of H for
differences to be judged significant,
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APPENDIX III

HORTONIAN RELATIONSHIPS FOR STUDY BASINS

The following graphs display mean stream slope, mean stream relief,

and mean stream length as exponential functions of stream order for each

of the study basins. Stream order is defined by Strahler (1957) although

the relationships were first noted by Horton (1945). Note the tendency

toward equal distribution of mean relief among streams of different order.

The stream relief data is taken from morphometric measurements without any

adjustment for dissipation of relief (potential stream energy) by falls or

log steps. The effect of fall obstructions on the distribution of effec-

tive relief is demonstrated by X
2

(chi-square) calculations and composite

longitudinal profiles presented in Chapter IV of the text.
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Figure III-1. Mean stream slope (S), mean stream relief (R), and mean stream length (L)

as exponentialdfunctions of stream order for the North Fork Beaver Creek

watershed (basin #1) and Flynn Creek watershed (basin #2).



ELKHORN CREEK
10,000 10 10,000

10
1 2 3

STREAM ORDER

4
.01

1000

100

10

SCOTT CREEK
10

1

.01
2 3 4 5

STREAM ORDER

Figure 111-2. Mean stream slope (S), mean stream relief (R), and mean stream length (L)

as exponential functions of stream order for the Elkhorn Creek watershed

(basin #3) and Scott Creek watershed (basin #4).
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Figure 111-3. Mean stream slope (S), mean stream relief (R), and mean stream length (L) as

exponential functions of stream order for the Canal Creek watershed (basin #5)

and Big Creek--Lincoln County watershed (basin #6).
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Figure 111-4. Mean stream slope (S), mean stream relief (R), and mean stream length (L) as
exponential functions of stream order for the Cape Creek--Lincoln County
watershed (basin #7) and Stump Creek watershed (basin #8).
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Figure 111-5. Mean stream slope (S), mean stream relief (R), and mean stream length (L)
as exponential functions of stream order for the Cummins Creek watershed
(basin #9) and Bob Creek watershed (basin #10).
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Figure 111-6. Mean stream slope (S), mean stream relief (R), and mean stream length (L)
as exponential functions of stream order for the Rock Creek watershed
(basin #11) and Big Creek--Lane County watershed (basin #12).
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Figure 111-7. Mean stream slope (S), mean stream relief (R), and mean stream length (L)
as exponential functions of stream order for the Cape Creek--Lane County
watershed (basin #13).




