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EFFECTS OF FOREST ROADS ON STREAI"I SEDIMENT
L/ 2/

John Klng-' and Mlchael Gonslor'
ABSTRACT

Thls paper dlscusses some on-site eroslon and stream sedimentatlon
consequences of forest road con6tructlon ln small Ì.Iatersheds Ín northern
Idaho. Ploneerlng and culvert lnstallatlon lncrease sedlment fluxes 1n
the streams, just below the road, 100 to 10,000 tlmes the normal dally
flux for short perlods of tlme. Subsequent to constructlon, raln and
snowmelt eventB acting on the road prlsrn features appreclably lncrease
sedfment fluxes ln the streams just below the roads. Sedfment measure-:
ments at the mouths of these small watersheds indlcate that very llttle
of the road dertved sediment ls befng transported out of the watersheds.
Thus, sediment ls belng stored 1n the channel sy6tems. Channel transect
data supports the concluslon that the channels are aggrading as a result
of storage of road derlved sedlnent.

Eroslon and sedlment transport are very dependent on cll.matlc
events and the resultlng streamflow. Thue, the results could have been
substantlally different under a dlfferent set of cllmatlc events.
Current and future research 1s attemptlng to callbrate exlstlng physlcal
proceas models whlch would enable predlctlon of the eroslon rate and
sedlment fluxes for dlfferent cllmatlc events.

INTRODUCTION

The Horse Creek Admlnlstratlve-Research Study area was establlshed
1n 1965 as a ffeld laboratory for determlnlng the effects of alternatlve
forest management practlces on streamflow ancl hrater quallty. The !!o¡se
Cleek watersheds are located ln the north central portlon of Idaho
wlthln the Nezperce Natlonal Forest, approxlmately 35 alr mlles east of
Grangevllte, Idaho (!'lgure 1). Horse Creek flows easterly lnto Meadorv
Creek, 4 rnlles above lts confluence r¡lth the Selway River.

The watershed lfes on the border of the Idaho Bacholfth, a large
lgneous lntruslon ln central Idaho and western Montana. The parent
materLal ts part of ttre Belt Super Group (ßennett I974) cornposed of
sedlmentary and netasedlnentary rock of prlmarlly gneissic materlal
(Greenwood and Morrlson L967). The deeply weathered sotl ls a welL
dralned sandy loam to loam. Medlan slde slopes are 3l percent, but
slopes ln excess of 65 percent are common. In an undlsturbed conclltlon
there ls ltttle evldence of any surface eroslon and stream sedlment ls
predominately derlved from channel sources. Llowever, there ls a high
potentlal for surface eroslon followlng dlsturbance of the forest floor.
Thunderstorm actlvlty durlng the sumnrera and rapld sprlng snowmelt
provlde condltlons conduclve to accelerated eroslon especlally on
dlsturbed sites.

l/*"".u..h Hydrologlst, Intermountaln Forest and Range Experiment
Statfqn, Moscow, Idaho.

á/R""u"..h Englnecr, Intermountaln Forest and Range Experlment
Statlon, Missoula, Montana.
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Figure 1. Location map for the lforse Creek AdministraEive Research
SEudy Area.

One of the studles ln thls area focuses on detennlning rates of
eroslon from varfous parts of forest road prlsms, and subsequent down-
slope and 1n-streau disposltl-on of the resultlng sedlments. The ¡nonl-
torlng scheme ls designed to provlde data on eroslon and sedfuûent
transport rates at varlous locatÍons fn the watereheds, from the sltes
of dlsturbance to the watershed outlets. Ultfunately, these rnonftoring
systems w111 be used to test predÍctlons of varloua water and sediment
routÍng nodeLa. Hor¡ever, currently we can onl.y descrlbe some of our
observatlons and drar¡ some lnferences on th€ occurrence and nagnltude of
various processes.

THE SITUATION

Forest roads are necessary or deslrabLe for nany reaaons; notabLy
for the removaL of forest products. In the past, nuch of the logglng
and road bulldfng occurred on reLatLvely gentle terraLn and at a time
when publ1c concern about lmpacts on water qual.lty was relatlvely nlLd.
Now, steeper and more rugged terraln Ls beÍng entered and publlc concern
about vrater quallty and other environmentaL lnpacts ls reLatlveLy
Btrong.

Many studies 1n the nestern Unlted States have sho¡¡n that forest
roads are the major aource of sedlment and a rnajor cause of lrater
quallty degradatlon. Megahan (L972) stated that rrroads create a dlspro-
portlonate share of the problem, probabLy greater than 90 percent ln
most instancea.tt Tlmber harvestlng, reforeatatlon, slte preparatlon and
other slLvicuLtural practices generally contrlbute less sedl¡nent to
streama.

The Lnpacts of forest roads on streamfLow and sedlnent concen-
tratlons are most apparent durlng road constructlon and durlng sub-
sequent ralnstorms and snowmeLt eventa. The amount of sediment l-ntro-
duced lnto a stream channel durlng constructÍon depends on the nethode
and care enpLoyed during ploneering and culvert Lnstallatlon operatlone,
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the nature of the cllmatlc events and the magnltude of streamflow.
Durlng subsequerit ralnstorms and snonmelt events, the amount of sedlment
contrlbuted to a 6treârn channel largely depends on the physlcal charac-
terlstlcs of the road and the rate of restablllzatlon of the dlsturbed
areas.

Once sedlment enters a stream, lts subsequent disposftlon depends
on the organlc debris loadlng ln the channel, the hydraullc properties
of the atream channel and the magnltude of streamflow. The slgnlflcance
of naturally derlved and extraneous sedlment depends on downstream water
uses and ln-stream values such as fleheries habltat.

PURPOSE

Our purpose ls to descrlbe some of our observatlons relatlve to the
amounts and dlsposltfon of sedlment contrlbuted by forest roads, durlng
constructlon and throughout the following t!¡o years and to assess the
relative contrlbutlon of varlous road featurea to stream sedlmentatlon.
I,Ie w111 also descrlbe so¡ne prellnlnary indlcatlons related to the
ef fects of road-derl-ved sedlments on chanrtel bottorn composftlon, channel
storage and aquatlc habltat.

I'fETHODS

Ffgure 2 Is a map of Horse Creek dellneatlng the slx rcaded sub-
dralnages, road locatlons, stream crosslngs, and other pertlnent features.
These subdralnages range ln slze from 70 to 364 acres. A sedlment dam,
H-flume and stage recorder are located at the mouth of each subdralnage.
The flumes and 6tage recorders provlde contlnuous streamflow records.

Also located at the mouths of the roaded watersheds and control
watershed 6 (flgure 4) are automatlc water samplers. These devlces take
dfscrete tlme based samples and have been set up to sample twlce a day
durlng most of the study perlod. Analysis of the suspended sediment
concentratlons of these samples allows for determlnatlon of sedlment
quantftles passlng through the sedfment dams.

The sediment deposited ln the dams at the watershed rnouths ls
measured annually uslng a sag-tape surveyÍng technlque. Thus, the total
sediment leavlng a subdralnage durlng any year can be estlmated by
comblnlng the amounts tn the dams wtth the amounts passlng through the
dams as suspended sedlment.

Along the logglng roads, monitorlng statf-ons trave been lnstalled at
all llve water crossfngs (Figure 2). At each Btream crosslng there are
three monitorlng locatlons (Ffgure 3). The A statlons are located just
upatreãm from the culvert lnlets. Natural sedlment transport ls meas-
ured at these statlons. The B statlons, at the culvert outlets, measure
the comblnatl-on of natural sedlment plus sedlment derlved from some

ldentlflable lengths of cut slope and dttch and road surface area. The
C statlons are located approxlmately 100 yards downstream from the B

statlons. The measurements at the C statlon enable detectlon of sedl-
ment that may enter the stream between the B and C statlons as a result
of overland transport from deflnable segrnents of the f111 slopes. In
the absence of overland transport, the data from the B and C statlons
provlde evldence of channel aggradatlon or degradatlon between these
s tat lons
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Figure 2. A map of the roaded Horse Creek subdrainages shorùing the location of the roads
and sampling stations.
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Figure 3. The sampling statíon locations at each li,ve water crossing.

At each of the A, B, and C statlons a smalL wooden fLune was ln-
stal.led to concentrate flow and elevate the streams. Water samples are
collected at the outlets of these fLumes and analyzed fot total sedlnent
concentratÍons. Diecharge measurements are determined uslng a bucket
and Etopr.¡atch nethod. Sedlment samples and dlscharge neasurements at
these statlons are taken twfce a week throughout periods of snowmel-t and
nonthly durlng Late sunmer and fa11 lorv fLow perlods. Selected stream
crosslng statlons are intensivel.y sarnpled durlng rainstorm eventa.

Continuous monltoring statlons were lnstaLled at the A, B, and C

statlons at four seLected stream crosslngs (flgure 4). Stage recorders
and E-fl.unes provÍde contlnuous streamfl-ow records. Automatlc water
samplers take eamples for analysls of total sedÍnent concentratf.ons
baeed on lntervaLs of dlscharge or tfme. The data fron the continuous
nonltorfng statlons ehould en¿ble elnulatlon of compLete records at
other crosstngs where only perlodlc manual samples are taken.

In thoee streams nhlch have contlnuoue monltoring Btatlone assocla-
ted wlth the roads and ln one controL stream, measurementa are made of
channel aggradatlon and/or degradatlon and the partlcLe slze dist.ribu-
tlon of channeL bottom naterlaL (Flgure 4). Six representatlve channel
reaches, approxfunateLy 30 feet ln lengthr êr€ surveyed t¡rlce a year,
once followlng snoermelt and again in the falL. One sarnple channel reach
ls Located above the road, tlro are located between the B and C statlons
and three are located betv¡een the C statlon and the rnouth.. The spatlaL
distributlon of these channel reaches allows us to trace the road
effects downstream.
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Flnally, to enable estlmatlon of eroslon on cut and fill slopes, a
varlety of technlques have been used. Four-foot long traps are used to
coltect eroded material at the base of cut and ftll slopes. Volumes of
eroded materlal fn the tråps are measured followfng snowmelt, after
rnajor thunderstorms and ln the late fall. Also, a complete survey of
rllls and gullles ln the f111 slopes 1s conducted after snowmelt and ln
the late fal1. l'leasurements are made to determlne the volume of ¡naterÍal
leavlng the f111 slope and the downslope transport dfstance of the
material on the fbrest f loor. In addltlon, r^¡e are experlmenting wlth
the use of close range stereophotography to estlmate cut slope erosÍon.
Stereo palrs are taken twlce annually to determlne eroslon durlng
snowmett and eroslon durlng the summer and fall raln sea6on.

RESULTS

Road constructlon wae completed 1n subdralnagea 18, 16, and B

durl-ng the summer and autumn of. L978, and ln subdralnages 14, 12 and 10
during the 1979 constructlon eeason. Presently, we have data for the
first year followlng constructlon for subdralnages 18, 16 and B. We

wfl1 present and dlscuss a llmlted range of measurements and observa-
tlons; prlmarlly focuslng on subdralnage 16.

We preface thle dlscusslon by polntlng out numerous dlfflcultles
and deficiencies ln our methods durlng the first year of thls study. At
the continuous monltorlng statlons we utlllzed commerclatly avallable
q¡ater samplers that provlded us the cholce of elther sampllng at flxed
lntervals of tlme or of flow proportlonal sampllng. Unfortunately
nelther technlque fs adequate for monftorlng constructlon events or
short duratlon ralnstorms. Thus, we relfed heavily on manual sampllng
durlng constructlon and storm events following constructlon. Storm
events whlch occurred at nlght or on weekends r^rere not sampled. More-
over, the effort requlred to conduct an extenslve monltorl.ng program
wfth ltmlted personnel often neant that only a single sedlment sample
and dfscharge measurement was acqulred at each of several locatlons
durlng a ralnstorm event.

Due to these deflclencles, we are presently only able to relate
order of magnltude changes ln sedÍment concentratlons durlng road con-
structlon actlvltles and the subsequent year. The amounts and dls-
posltlon of road contrlbuted sediment are at best rough estlmates. As
w111 be dlscussed later, we have been and wlll contlnue to make lm-
provements ln our methods, whlclì wlll result ln conslderably greater
resolutlon and comprehensiveness ln our future efforts.

Preconstructlon l,latershed ßehavlor

Sfream dlçcharge at the mouths of these watersheds are fn the raqge
of l0-'to 10-^ cfs durlng summer low flow perlods, and as low as 10-'
cfs at 6ome road crosslngs. Low flow sedlment concentratlons range from
I to 10 nc/l.

During hlgh lntenslty ralns.torm eventa, stream dlscharge and
sedlment corÌcentråtlons increase by one to two orders of magnltude.
Thus, a stream ordlnarlly flowlng at 0.05 cfs durlng the,summer wlth
sedlment concentratlons of I rng/1 mlght, during a storm event, lncrease
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to 0.5 cfs wlth a sedlment concentratlon of 100 mg/1. Correspondtngly,
the sedlment flux would lncrease fro¡n the low flow level of 0.01 lbs/hr
to approximately 10 lb/hr.

Durlng sprlng snowmelt, streamflows lncrease to leve1s about two
orders of magnltude greater than durtng low flows. Llkewlse, sedlment
concentratlons lncrease by one to two orders of magnltucle during the
perlod of rlslng dlscharge, but durlng fallt.ng dlscharge the concentra-
tlons are usually less than one order of magnltude greater than those
durlng low flow. Typically, the amount of sedlment passlng through the
sedlment dams at the mouths of the r¡atersheds during the qntlre pnowmelt
hydrograph perlod of 40 to 50 days gre ln fhe range of 10r to 10) lbs;
wlth peak fluxes ln the range of 10- to 10' lb/day.

Durlng Constructlon

The road construction season began shortly after sprlng runoff,
when dlscharges were stlll as ¡nuch as l0 tlmes higher than thelr lowest
summer dlscharges, and extended untll late autumn. There qtere tI^Io
periods of major dlsturbance at any given stream crossfng: (1) durlng
the ploneertng phase, when rlght-of-way tlmber and debrls was cleared
from the stream channel and a temporary culvert was lnstalled, and (2)
durlng replacement of the temporary culvert wlth a permanent culvert.
Flgure 5 lllustrates the sediment concentrations at varlous locatlons
durfng these actlvltles 1n a stream ln subdralnage 16. The estfmated
total contrlbutlons to the stream durlng ploneering and permanent
culvert lnstallatlons were 12.3 and 0.2 1bs. , respectlvely, or the
eqìrlvalent of about 45 days of summer low flow sedl-ment dellvery past
the C statlon. Vlrtually none of the sedfrnent passing the C statÍon
durlng these actlvltles reached the watershed nouth lndlcatlng that thls
added materlal was stored ln the channel. Slmflarly, the amount of
sedfunent passlng the C statlon durlng these constructlon actlvltles was
less than the total amount added to tlie atream. Thts lmplles that the
dlfference waa stored fn the stream channel between the B and C sta-
t lons.

InstalLatlon of the pennanent culvert at the crosslng ln subdralnage
16 was preceded by dfvertlng of the stream around the constructlon slte.
Thus, constructÍon was ttln the drytt (termeti a dewatered culvert lnstalla-
tlon) and the impact to the stream was conffned to the brlef perlod
during whlch the stream waa returned to lts natural channel. Thls
caused a washlng of tl're loosened materlal that resulted from construc-
tlon dfsturbance. above the culvert lnlet and just below the culvert
outlet. At other crosslngs, culvert lnstallatlons took place ttln the
wetrt, wlth the stream runnLng contlnuously through the constructlon
slte. Figure 6 shows the effecte of one such installatlon compared r¿lth
a dewatered lnstallatlon. In thls example of an ttln the wett' culvert
lnstallatlon the toBal amount of sedlment passfng the C statfon was
about 46 lbs, or the equlvalent of about 113 days of summer 1ow flow
sedlment dellvery. Thte 1s substantlally greater than the 0.2 1bs
contrlbuted to the stream durlng an ttln the dryrr culvert tnstallatton.
Agaln, the fraction of sedlment reachlng the watershed mouth was negll-
gible r¡hlch 1mplles storage of the sedlment ln the channel.
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In summary, the amounts of materlal added to these srnalt streams
durlng construction actlvltles 1s comparable to 100 to 10,000 tlmes the
normal daily sedlment flux at these locatlons. Virtually none of thls
¡naterlal waa transported out of the subdrainage.

After Con6tructlon

Durlng low flow perlods, the sedlment concentratlons and stream-
flows measured belor¡ the newly constructed roads rapldly return to thelr
preconstructlon levels. However, durlng ral-nstorm events, especially
those of sufflclent lntensity and duratfon to generate flows ln the
dftch Bystemsâ sedlment concentratlons at the B and C statlone lncrease
as much as 10t times those at the A statlons. In many lnstances, the
dftch flows hrere comparable to the flow ratee at the A statlons, result-
lng ln an approxlmate doubling of flow rates at the B statlons. Thus,
the sedlment flux at the A statlons mlght lncrease from the low flow
level of 0.005 lb/hr (2 rl¡S/L at 0.01 cfs) to 0.2 Lb/hr (40 mg/l at 0.02'
cfs) and the flux at the B statlon mlght lncrease from 0.005 lb/hr to 35

1b/hr (4000 mg/l at 0.04 cfs). The dltch, durlng such an event, could
contrlbute a flow equlvalent to the A statlon, but wlth a sediment
concentratlon of nearly 8000 mg/1

In summary, durtng the flrst few ralnstorms after constructlon, we

estLmate that sedlment loadings due to the movement of newly exposed
materlals oq the cpt slopes, road beds and 1n the dltches, were ln the
order of lOt to 10* tlmes the normal sedfment fluxes at the B statlons.
The total additlonq of se{lment from all of these storms were probably
ln the range of 10" to 10' lbs at each stream crossing. Once agaln,
sedfment concentratlons at the mouths of the watersheds lndicate that
only a very small fractlon of these quantlties was transported out of
the watershed durtng storm events, and that most of the materlal was

stored ln the channels.

As wll1 be dtscussed later, slgnlflcant f111 slope erosfon occurred
durLng these lnltlal 6torm events, but ltttle or none of the eroded flll
materlal waa transported to the atreams.

Flrst Snowmelt Perlod After Constructlon

Flgure 7 lllustrates the streamflow hydrograph and sedfment concen-
tration relatlonçhips at the A, B, and C statl-ons ín subdralnage 16 for
the 1979 snorvmelt perlod. Approxlmately 500 lbs of sedlment were
transported past the A statlon and 900 lbs past the B and C statlons.
The dltch system, whlch contrlbutea to the culvert lnlet, approxlmately
doubled the amount of sedlment ln the stream when compared to undls-
turbed or preroad levels.

Durlng thl-s same snowmelt season approxfmately 1400 lbs of sedlment
passed through the sedlment dan and out of subwatershed 16. Based on
pretreatment records, the expected yield would have been about 1200 lbs'
vlrtually the same as after treatment.
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Total. Annual Sedfnent Productlon for the ltatersheds

Flgure I shons the relatfonship bet¡¡een annual sedlnent deposlted
in the sedlnent dams at the nouths of the eubnatersheds and annual nater
yield. There 1s no apparent effect of road constructlon on the sedinent
ylelde for subdrafnagee L8, 1-6, or 8 durtng the first year following
constructlon. Thts aleo lnpltes that the road derlved sedlmenta are
being stored 1n the stteap channeLe.
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Stream Transecte

FLgure 9 llLustrates the aggradatlon and degradatfon of the stream
channel transects subsequent to road constructlon. During the suomer of
road constructlon alL of the transects shon aggradatlon of the stream
channeL. During the flrst snowmeLt perlod those transects Located a
short dlatance bel.ow the roads (transects 2, 3, and 4) degraded ¡vh11e
those transects ln the lower portlon of the subdralnage (transecte 5 and
6) aggraded. the average net elevatlonal change of the stream channeL
transects ln subdraÍnages 8 and 16 for the 18 months foLl.owing road
constructlon was + 0,27 lnches. Although the absolute accuracy of the
transect meaourements ls unknown, the data does lndicate that road
derlved sediment fs stored Ín the channel Byatem, wlth the largest
accumulatlone 1n the Lower reaches of the channel.
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Summary of Flrst-year In-Stream Monl torlng Results

We estlmate that the amount of sedtment contrlbuted to the atream
system 1n subdral-nage 16 durlng road constructLon and the flrst year
foLlowlng constructlon, was a slzeable fractlon of the average annual
sedlment productlon from thls watershed. Most of thls sedlment remains
ln the channel system of the subdralnage between the road crosslng and
the subdralnage mouth.

Second Year After Constructlon

Flgure 10 tllustrates the effects of a major thunderstorm on August
23, L979 that generatcd 0.7 lnches of ralnfall ln approxlmately one
hour. sedlment fluxee past the B and c statlons vrere one order of
magnltude greater than the flux past the A statlon. The total con-
trlbutl-on of sedlment at the B statlon was relatlvely small, only I lbs.
This 1s conslderably less than what waa measured during thunder.Btormg
the prevlous aummer. rt 16 hypothesized that there ls now a lack of
flne partlculates on the road surface and ln the dltches that can be
transported to the stream. Sloughed cut slope material that enters the
ditch system does not contaln large quantttles of flne partlculates.
Very llttle of thls sloughed materlal 1s belng transported to the
stream. The contrlbutlon of sedlment from thfs road crossing 1s dfmln-
lshlng as tlme progresses, and barring any extreme events, this trend
should contlnue.

On-slte Eroslon

ErosLon occurrlng on the cut and f111 slopes r.ras monltored wlth
four-foot long unbordered traps at the base of the slopes. Sample
lntenslty was less than one percent of the entfre length of road; thus,
thls lnformatlon does not accurately reflect total eroslon volumes but
does provlde lnformatlon on the relatlve magnftude of the cut and f111
slope eroslon and tfme trends in eroslon ratea followlng road constructlon.

Flll slope eroslon was also measured by a complete survey of r111s
and gu1lies. Sedlment movement downslope was descrlbed as a dlstance of
transport and fate of the sediment, Whlle thls technÍque does not
lnclude quantltles of lnterrlll eroslon, lt does allow estlmatlon of
f1L1 slope eroslon along any speclffc length of the road.

The road through subdralnage 16 has 731 feet of flll slopes and 755
feet of cut slopes that could contrlbute sediment to the C monltorlng
statLon. However,550 feet of the fill slopes, adjacent to the live
water crosslngs, are protected wlth fllter wlndrows. These fllter
wfndrows conslst of logglng slash and debrls remainlng from the clearlng
operatl-on. Cull logs are t'keyed" lnto the toe of the slope and slash is
placed above the 1og on the lower one-half to two-thlrds of the slope
and tamped lnto the surface. Thls provldes a ffLter of slaeh to trap
eroded fll1 materlal and prevent downslope transport.
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Durlng the flrst summer and falt after constructlon approxi-mately
1,000-1,500 lbs,of materlal eroded from cut slopes ln subdralnage 16

compared to 25,000-40,000 lbs from the ft1L slopes. The fllter wlndrows
captured all of the eroded f111 naterlal. On those fill slopes not
protected with fllter wlndrows, none of the eroded rnaterlal reached llve
water. Thus, any road derlved sedfment reachfng the C Êtatlon durlng
raLn eventa was contrlbuted from the cut slopes, dltches, and/or some
portfon of the road surface. Near the end of the constructlon seaaon
the cuts and fllLs were hydroseeded and nulched.

In the sprlng of 1979, cut slope erosfon Lncreased dramatlcalLy to
26,000 lbe ln subdralnage L6. Thts ls attrlbuted to sloughlng of Loose
matertal durlng saturated or near saturated condltlons durfng snowmelt.
FllL slope erosfon was relatlvely small l-n comparlson, only 1'600 lbs.
For thls snowmelt perlod, all of the eroded f111 rnaterlal was deposlted
1n the fllter wlndrows. Thus, road derlved sedinents were all routed to
the stream vla the di-tch system.

The second summer and fal1 followlng constructlon cut slope eroslon
amounted to 10,000 lbs, a substantlal l-ncrease from the prevlous summer.
However, fllL slopes were less than the prevlous summer by a factor of
5, totalllng 7,000 1bs. There was one breach ln the fllter wlndrows but
none of the materlal was transported to the stream.

It becoures obvlous that (1)rthe magnltudes of on-slte eroslon are
much greater (ln the order of 10') than the amount of stream sedlmen-
tâtLon that can be attrtbuted to the roads, (2) flll eroslon ls very
hlgh durlng the flrst few Lntense storms followlng constructlon and
becomes lese susceptlble to eroslon durlng subsequent raln events' (3)
cut slope eroslon ls much greater durtng the apring snowmelt event than
durlng ralnstorm events and (4) fflter wÍndrows provlde an effectlve
means of controlllng sedlment movement from ftl1 slopes at least during
the flrst L L/2 years fol"lowing constructlon.

Roads constructed ln 1978 had fllter wlndrows on 1,220 f.eet of road
ffll. Both the volumes of materlal movlng through the wlndrows and

transport distance below the wlnclrows nas held to a nlnlmum (Flgure 11).
The downslope transport dlstance of materl-al from unprotected flll.s was

one to two orders of rnagnttude greater than from wlndrowed f111s. In
watershed 16 there probably would have been a substantlal fncrease ln
the sediment flux at the C statlon durlng fntense raLn storms or perlods
of rapld snowmelt, lf a fllter v¡lndrow was not present. The long term
effectlveness of the rvLndrorss w1l1 be evaluated. Thelr performance wl11
depend ln part on thelr storage capaclty, the rate of stablllzatlon of
the f111s, the occurrence of extreme events, and the Long term stabllity
of the ftlter wfndrows.

SUMI'ÍARY AND CONCLUSIONS

The results; indlcate that the roads have had a mlnlmal lmpact on

the Maln Fork of llorse Creek to date. Only small amounts of road derlved
sedlment, predominately suspended sedlment, qtere evident at the mouths
of the subdralnages. However, under dlfferent cllnatlc conditlons, the
results could have been substantlally dtfferent.
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Durlng ploneerl-ng and culvert lnstallatlon and during thunderstorm
actlvlty the flrsÈ summer followlng conatructlon conslderabte fluxes of
road derlved sedl-ment reached the stream channel. Although measured
sedlment concentratlons are hlgh, total amounts added to the channel are
relatlvely smal1 when compared to the natural annual sedlment productlon.

Durlng the flrst snowmelt perlod the flux of sediment pa6t the B

and C statlons rr'as appreclably hlgher than the flux measured at the A

station. The fllter wlndrows prevented f111 materlal from belng trans-
ported downslope; therefore, the prlmary source of the sedlment was from
the road surface, dltch system and cut slopes.

Sedirnent transported from the road prlsm ls belng stored fn the
channels. The fLux of sedlment past the B statlon was conslderably
htgher than the flux meaeured at the C statlÒn. Slmllarly, the flux
past the C statlon was conslderably hlgher than at the subdrainage
mouth. Channel transect measurements substantlate channel aggradatlon
due to the storage of road derlved sedLments. These measurementa
lndlcate that material is predonlnately belng stored ln the tower
reaches of the channel 6ystem 1n the subdralnages.

Durlng the second summer, followlng constructlon, the lnputs of
roàd derlved sedlment $¡ere conslderably reduced. Thls ls Partlal1y
attrlbuted to the revegetatfon of the flll slopes and the arurourlng of
the dttches. Agafn, thfs sedlment ls belng stored ln the channel
sys tem.

Inputs of sedlment to the streams can be slgnlflcantly reduced by
the constructlon of fllter windrows on the f111 slopes. Vlrtually no
sediment waa contrlbuted to the C statlon from wlndrowed ft].Ls. Another
technlque to reduce sedlment contributlons to streams ls the dewaterlng
of the slte durlng culvert lnsta1latfon. Both the duratlon of the
effect and the total amount of sedlrnent produced were slgnlficantly less
than the sedlment contrlbuted durlng lnstallatlon of culverts "ln the
wet. tt

trle are contlnuing to monltor the eroslon and sedlmentatlon process-
es in llorse Creek. Intultlvely we feel that these streams are becomfng
loaded wlth sedLment and a slngle extreme event could flush the channels
and perhaps affect the physlcal and blologlcal character of the Þfaln
Fork of Horse Creek. Contlnued refLnement of our sampllng and measurlng
technlquee wtlL hopefulLy allor¡ us to use the data to adapt exlstlng
models or to develop new modeLs for extrapolatlng eroslon and sedlment
lnformatlon.
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