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Abstract
The removal of latge organic debris obstructing anadton'tous fish passage in a Coast Rarlge srream
in Oregon accelerated downcutting of previously stored sedimeots. As a result, turbidity and sus,
pended sedimenr levels increased during several storms after debris temoval. Streamflow eroded
more thao 5,000 m3 of sediment alons a 250 m reach rhe first winter after debris removal. There,
fore, fisheries managers who waflt ro remove debris jams from streams must consider the stored
sediments that will be scoured from the stream beds and deoosited downstream.

lntroduclion

Irr small forest streams, large organic debris----<apable of deflecting or locally reducing
streamflow velocities-significan,tly affects physical characteristics such as chaflnel form
and local stream gradients. This observarion is particularly tme in rhe Pacific Northvesr
where headwater streams draining forest ecosysems often have debris loadings of 0.3
to7.4 metic tons (t) per 10 m of channel length (Froehlich, 1p73).

Large debris can markedly influence a srream's ecosystem. Frequeotly, large stable
debris provides diverse habitats for fish and orhe! orga sms. It may also slow rhe
routing of fine organics through the srream system, thus increasing rhe oppoftuniry for
biological degradation. However, io other instances debris creates a p,hysic,al barrier that

Preveots anadromous fish from passing to upstream spawning gravels (Swanson el 1.,
1976).

Spatial distribution as well as total quantity of debris significantly affects channel
characteristics. Debris accumulations reduce stream{lovr in a channel and can rhereby
teduce the rate at which a stream dissipates etergy. Coos€queotly, the sedimenr-trans-
porting capabilities of individual stream reaches also are affected. For examplq stored
sediment can be readily seen upstream from debds in a channel system while pools
form directly downstream.

Debris can accumulate from a variety of natural processes including acrive earth-
flows, soil creep, and blowdown. Slope failures may resutrt in debris avalanches that
cascade debris and sediment down a hill to be deposited within a channel system. As
strearns undercut their banks, sediment and stleamside vegetarion enter the channel.
These processes also may be accelerated by forem operations, pafticularly clearcutting
on steep, shallow soils and road coostrucrion in unstable terrain (Swanston and Swarison,
1976). h addition, forest operations often directly add debris to streams.

Fishery managec planning to remove instream debris dams face a difficult decision.
They must consider not ooly how this actioo will benefit fish passage, but also how
debris rerrloval will change channels and the load of suspended sediments. Although
rates of sediment transporr can be expected to chaflge after debris removal, the mag-
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nitude and rate of change often are unpredictable. The variabiliry in amount and dis-
tribution of debris, chaonel characteristics, expected flow levels, palticle size distribu-
tions, amount of stored sediments, and methods of debris removal all influeoce the final
outcome.

In recent years, debris removal from headwater streams has become a tool used in-
creasingly for meeting streamside managemeor objectives. Yet the effects of debris
removal seldom are documeoted. Consequently, this srudy (1) assessed the effects of
debris removal on srream turbidity and sedimeot loads and (2) evaluated changes in
channel geometry after detxis removal.

Study Area

In the early 1960s, roadbuilding and logging began in the Milt Creek drainage approx-
imately 3 km notthwesr of Alsea, Oregon. During the flooding that occurred through-
out mnch of western Oregon and STashington ip, 1964-65, several debris accumulations
became established in Mill Creek. Logging subsequently continued in the Mill Geek
drainage. Road construcioo and logging immediarely adjacent to rhe stream increased
the chances for organic deb,ris to enter the channel. As a result, debris contiqued to
accumulate from 1965 througlt 1,974. By 1975, several large debris accumulations (Fig.
1) had formed along Mitl Creek, blocking upstream miglation of anadromous fish.

During the summer of 1975, these large debris dams were removed in conjunction
with a timber sale in the Mill Creek drainage. Cable yarding was used to remove some
debris, and other se€riols were cleared by tractors and hand crews.

The section of Mill Creek with the debris accumulations (Fig. 1)- characterized
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Figure 1. The Mill Creek drainage northeast of Alsea, Oregon.
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as a third-order stream ( Strahler, 1957 )-lns an ayenge gradient of appto>rimately 7
percen:t. The {irst- and second-order tributaries in this drainage have average gradients
of 31 and 12 percenr. Hill slopes adjacent to Mill Creek are steep and frequeotly ex-
ceed 75 percert. Elevations range from 150 m along the lower poftion of Mill Creek
to more than 1070 m on Grass Mountain.

Melhods

The movement of sedim€ot io Oregon s Coast Range streams depends on periods of
storm activity and high flows. Although streamflow was oot measured in Mill Cteek,
flow measurements for the Nonh Fork of the Alsea River--draining 163 km2 of water-
shed immediately north and east of Mill Creek-were used to index flow activity in the
Mill Geek drainage.

Turbidity and suqrnded sedimenr concentrations were monitored above and belo,w
the debris removal site ( Fig. 1). The drainage areas above the uppr and lower saml>
ling sration wete 4.5 km2 and 11.5 km2, reryecrively. Sampler intakes, suspended in
midstrea-m at erach location by cables anchored to the creek's banks, led to automd.ric
pumps that colleded one sample boftle every six hours. Each bottle contained a com-
posite of four subsamples colleced at l.5-hour intervals. Sample bottles were collecrcd
weekly from 5 November 1975 to 24 March 1976 excepr for several Friods when
equipmeot malfuncriooed. Turbidity, expressed as nephelometric turbidiry units (ntu),
was determined for all samples according to Stq?datd Merhofu ( Americao Public
Health Associa.tion, 1971). Samples were filtered to m@sure the concentration of
suspended sediments, expressed as milligrams pr liter (mg F).

To assess changes in chaonel characteristics, ten coss-secrional profiles were measured
along a 10O-m section of Mill Creek (Fig. 1) drat had beeq cleaned by tractor
operations. This section of Mill Crek was characterized by giravel-size sediments (ap
proximarely 2-64 mm in diameter) thar had accumulated behind the debris obstructions.
Cross-sectioqal profiles were first msasured in September of 1975 after the debris re-
moval operations of that summer. The ransects were remeasured in July of 1976 afet
the 1915-76 winter runoff period.

Re.ulls and Di.cursion

From November 197t rhrough March L976, daily weam flows on the North Fork
(Fig.2) approximated the average flow for the pleceding 15 years (l)62-76). Daily
flows averaged 0.097 m3seclkm 2 or about 93 percent of the 15-year average for the
November through March runoff period. A frequency analysis (partial duration series)
of pak flows for the 15-year period indicated that the mean annual flood, wirh a
leculfence inrerval of approximately 2.1 years, was 1.07 m3sec 1km 2. During the 1975-
76 winter runoff, discharge peaked at 1.02 m3seclkm 2 on 4 Decembet 1975. Further
comparison of flow durarion curves indicated that the disuibution of stream discharges
during the five months resembled the average winter-flow disribution for the 15-year
period. Thus, vrinter streamflow patterns, from November 1975 through March I9j6,
on the adjaceot Mill Creek &ainage probably typified nearly average conditions.

Upstream from the debris obstrucdons, substantial arnounts of sediments had col-
lected during the last 15 years. Removal of the large organic debris triggered localized
scouring of sediment deposits. Dr:ring summer and eatly fal| of 1975, such channelI
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changes were relatively minor. However, immediately dowostream frorn the original

debris obstructions, several pools began to fill in with silt and sand-sized PaJticles.
In general, most chaonel erosion was associated with the high runoff in mid-Novem-

ber and early December (Fig. 2). Downcutting continued until large ro€ks and cobbles

were exposed. The effect of this chaonel scour and downcutting was aPParent in the

sediment loads measured at the two samPling stations (Fig. 3). Betweeo 12-1t Novem-

ber and 3-5 December, turbidities at the uppe! station neve! exceeded 30 ntu, whereas

turbidities at the lower slation exceeded 100 ntu. This increase was caus€d by scouring

of the sediment previously stored in the channel. Crews continued to remove organic

debris by hand from Mill Creek tb,roughout November and December.
Most of the chanoel downcuning had occurred by 1 January 1976. However, duting

the mid-January storms, turbidity increased at both the upper afld lowe! sarnpliog sta-

tions. Although both locations had turbidities fat exceeding 100 ntu, turbidities at the

upper station generally were double those of the lower statioo. This figure indicated

rhar rhese sediments came from above lhe uppe! statio{r and that the turbidity was

diluted as the sediments contiflud downsffeam. Fo,r examplq grab samples taken on 14

Jantary 1976 hdicated that several tibutaries had turbidities of or y 5 ntu, q/hile the
upper sampling $ation had turbidities exceeding 200 nru. The mixing of turbid water

from above the upp€r statiol ( drainage ̂ rea ol 4.5 km') with lelatively clea.r tributary
warers berweeo the rwo sampling statioos (another 7,0 kme of drainage are'a) would
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Figure 2. Streamflow for the North Fork of the Alsea River near Alsea, Oregon.
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Figure 3. Strearn turbidities in Mill Creek duting periods of high runoff.

reduce dowraream tufbidities eveo though the total suspended sediment load remained

relatively unchaoged. Apparendy that haPpeoed from 7 -20 January 1976. Even if

additional downcutting and scouring of sediments deposited behind the debris had

occurred, the high tu,rbidities originating above the uPper sEtion would have masked
the effect on srre,un turbidities.

Fotlowing the high flows of mid-January, turbidiry levels at both the upper aod
lower sampling stations responded similady to subsequent storms ard geflerally re-
mained lower than those measured in mid-January. For example, although rurbidities
exceeded 200 ntu in the first balf of January, subsequent turbidities at both the uPPer
arid lower sampling stations were always less than 200 ntu. During runolf from 25-29
February, turbidities at the upper aod lower stations did no! exceed 50 ntu (Fig. 3),
indicating rhat the chaonel system had again started to stabilize. Throughout the winter,
rurbidiry betweeo periods of high flow generally remained below 10 ntu at both sampling
statlons.

Simple linear-regression aoalyses showed sigoificant relationships (P-0.90) be-
tween rurbidity and suspended sediment conceotrations for both the upper and lower
sampling stations. Because the two regressions did not differ significantly (Drapet and
Smith, 1966), the data from both stations were combin€d. The relationship between
suspended sediment concentlation (SSC) and turbidity (ntu) for Mill Creek is:

SSC (2)  (n tu ) f55
Thus, changes in turbidity ass.rxiated with periods of storm-generated streamflow and
debris removal also reflected changes in the suspended sediment loads of Mill Creek.

Cross-sectional profiles con{irmed that substantial channel scouring had occurred
during the 1971-76 wirter (Fig. 4). Along the 100 m rsach where profiles were

I  12  t 3  t 4  l 5
NOVEM 8E  R

r9  75

Sedimentation in an Oregon Coast R.ange Sueam 75



IO 20

Figute 4. Cross-sectional profiles along a 100-m reach of Mill Creek stteam channel. Cross-sec-
tions were spaced approximately 10 meters apart.

measured, Mill Creek underwent rapid downcutting. As a result, an average of 21 me
of sediment was removed for each meter of channel length. The depth of scour averaged
0.9 m, although maximum scour depths exceeded 2 m for one-half of the profiles.
Assuming an ayerage density of 1.8 t m-3 (Gottschalk, 1964) for water-deposited sedi-
ments, sffeam acrion removed nearly 3800 t of s€diment along 100 m of chaoqel. These
values typified an additional 150 m of chanoel direcdy upstream from the cross-sections.

The bottom of the stream channel is novr characrerized by relativelv coarse s€dimenc
(e.g., cobbles and boulders). Furtber downcutring probably will nor occur, although
lateral cutting from unstable banks on Mill Creek may cause additional sediment load-
inq into the sueam.
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Summary and Conclusion
This study to quantify effects of debris removal on (A) stream turbidity atrd suspended
sediment concentrations and (B) changes in channel geometry showed that:

(1) Turbidity provided an index of suspended sedirnent concentrations h Mill
Creek;

(2) The greatest measurable increase in turbidity afrer debris removal occurrcd
during the first sevetal fall and winter storms;

(l) High flows io January were accompanied by high turbidities from upstream
sources, thus masking any increases associated with the removal of debris;

(4) Relatively low turbidities occured during late winter and spring stocms, both
above and below the debris removal section, possibly iodicating tbat fines were
quickly flushed from rhe watershed; aod

(5) Dowostream imp.acts sho rld be considered in asessing tmde-offs associated
with debris removal and irrcreased sedimentation. High flows during the 1975_
76 winter significantly degraded sedimens that had previously accumulared
behind several of the debris dams. An estimated 52i0 m3 of sediment eroded
from 250 m of channel, and the fate of this material is unknown.

A relatively large volume of sediment that had accumulated behind several debris
dams du-ring the previous 10 years was quickly eroded by fluvial actioo after the re_
moval of large organic debris. Although dre results represent a case study of one stream
during one year, rhey nevertheless suggest what mighr be expected under similar con-
ditions in other drainages of Oregon's Coast Range.
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