
, V-i *c\, , t?"19

PAPER NO pM.t 7 9-4

FILL SLOPE EROSION FROM FOREST ROADS

by

. J. G. King
Associate Professor

College of Forestry, I^lildlife and Range Sclences
UniversÍty of ldaho, I'foscow

04

For presentatlon at the Thfrty-fourth Annual
I'feeÈi.ng, Pacific Nortluvcst Region, AI'IERICAN
SOCIIÌTY OF ACRICULTURAI. ENGINIìIiRS

Recl Lion Inn
Bois e , Iclalro

October 3-5,1979

SUMMARY:

Flrst year erosion from fil-l slopes ranged from 5.1 to
9.19 cubic feeÈ per 100 feec of road. Âpproximately 50
percent of the erocled material was deposited within 20
f eet of th.e. toe of tl¡e f í11 slope. llowever, materíal
r./as transporLed as far downslope as 437 feet. The
placement of fílter windrows on Ehe fill slopes proved
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INTRODUCTION

Past research has found thaE road consEruct.ion and harvesEíng Ín ldahots
forests may substantially iucrcasc stream sedimenÈ. loads. Megahan (1972), in
llis investigaEions of forest managemclìt actlvities on selccted Idaho Barholíth
waEersheds' fouttd thaE road relaEcd erosion is Èhe mosE ÍmportanE contríbutor
to stream sedimentatíon. Aclclicionally, l.legahan (Ig72) foun¿ that the largest
Pcrcentage of eroded material from roads ís attributed ro fill slope erosion,
a E leas t durlng the f irs t f ew years f oll olving cons t.ruc Eion .

There is currently a study being conductcd Ín north central Idaho to
determlne the hydrologic and sed.imenEation effects of alternate design starì-
dards of foresE roads. A portion of this research effort involves Ëhe quant,i-
ficarion of erosion processes from fill slopes, of effects of selecced fÍll
sJ.ope treaf¡nents on crosion, arrd of transporE of croded maeerial downslope.
This research is being supporLed by funds from Èhe Tntermou¡rt.ain Forest and
Range Experiment statiorr, Ifissoula Forest Scíence Laboratory.

STTIDY ARBA

This research is beÍng conducred in the Mai.n Fork of llorse Creek l^latershed
in the Nezperce National- Forcst. Ilorse Creek flows east-wardly inco I'feadow
Creek four mj.les above ics confluence with the Se1-way Ri.ver. This area is on
the'borcler of the Iclaho llatlrol.ítli, a large igneotrs intrusion in cenE,ral Idaho
arlcl l'fo¡ttana. The parent mal-erial. is parÈ of thc BelL Supcr Gr:oup (BenneEt
I974), composed of secl imentary ancl netasedimeuLnry roclc of pr:imarily gneissic
materi.al (Greenwood and I'forrison L967). The deeply weatherecl soil is sancly
but with a subst.antial portion of silI and clay. Over mosr of ttre study area
t.ltc soil is a well drained, sandy loam to loam wíth a distinct loess cap
(nlvis 1965). In an undisturbed condÍtion thcrc is little cviclcnce of any
surface ero.sion and stream sedjment is predomirrately derived from channcl
sources. llowevàr, following cliscurbancà of rlre fortst floor, Elrere is a high
potenÈial for surface erosion. The median side slope in tlorse Creek ís 3l
percent' but slopes iu excess of 65 percent are conmon. Thunderst.orm actÍvity
duríng tlte summers and rapid snov¡melt.'provide condiËions conducive to acceler-
ated erosÍon.

There were 3.8 miles of si.ng1.e lane road conscrucced aE mídslope locat.ions
in the Main Fork of llorse Creelc l^laterslred duríng 1978. Roads hrere constructed
with two design sEandards. SEandard I was designed for a constanE speed of 15
miles per hour, a subgrade width of 16 feet, a minimum curve radius of 110 feeÈ,
and travel-way stabilÍzatíon of B inches of rock. Stanclard 2 represents a ..
design that better fits the road to the topography. It- is characterized by a
variable design speed of 5 to 25 miles per hour, a subgrade width of 15 fqec, a
minimum curvè radÍus of 50 feet, and travel-way stabilizatÍon of B inches.of
native material stabilized with oi1. Cut and fill slopes on both standards
were hydroseeded.

Duè to the construction tíme schedule, fill sl.opes on differenr roads were
subject to varying number of summer thu¡rderstorms (Table 1). Road 9709 did not
r:cceive travel-way sfabilization unEil tltc sunrrnc¡r of 1979. l-lowcvcr, all exposed
soil includ ing tlre subgrade surface was mulched wiEh straw and an asphal r cack
in the fall of 1978.
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The soils on Èlìe cut and fill slopes are composed prÍmarily of sand size
particles (Tabre 2). The sízc classes of medíum sand, 0,42s to 2.00 mm, and
fine sand, 0.075 to 0.425 mm, comprise over 60 percenE of rhe soil. These two
size classes are easily detached and transporced via raindrop splash and over-
land flow. lt¡us, untíl the fíll slopes are scabilized as a result of the hydro-
seeding, they are easily eroded

Table 1. Road informati.on for the Ìlorse Creek hfatershed.

Road S tandard luf ileage
Beginning of
Co ns truc Eion

94

2B

30

Table 2. .PartÍcle size distributÍon of cuL and f itl .slop'e material in the
Ìlorse Creek l^laLershecl .

9704

9708

97 09

I

2

2

0

0

0

6/3.0/7 B

7 / r2/78

B/03/78

Size
Clas s ificat Íon

Particle Diameter
(mm) PercenL Composition

Gravel

coarse
f.ine

Sand

coarse
medium
fine

Silt and Clay

4.75 75.00

19.05 - 75.00
4.75 - 19.05

0.075 - 4.75

2.00 - 4.75
0.425 - 2.00
0.075 - 0 .425

< 0.075

8.75
4.i0

9 .00
29.t5
32.25

12. Bs

70.40

16.7 5



}fETHODS

The fill slopes were straÈified inco four vertical. height classes;0-10
feeE, t0-20 feet, 20-30 feet, and grcater Èhan 30 feet. These classes will
be referred to as Class I, TI, III and IV, respectively. Troughs were loca¡_ed.=
a[ tl¡e Èoe of the f i11 sl.opcs. Sampting inrensiÈy vras dctermined on Ëhe length
of road in each fill heigltË class. 1\^¡o sÍzes of traps were installecl, both are
four feel Ín length but can hold volumes of one or four cubic feer. The per-,
cenËage of lhe Eotal lengLlr' of road EhaE received troughs is small, a shorr,-
coming Ín Ehis techníque.

Fil1 slopes on selected lengths .of road received specÍa1 treatments. One
such Ëreatmenl- was the placement of filter windror4rs on Ehe lower portions of
f ill slopes. Thcse r^/crc constructed by "keyi.ng in" cull logs along Êhe toe of
the fill s1"ope and placemclìt of slash, rcmaining from cl.car:ing Ehe riglrt of way,
o¡r tlte fill slopes above the logs. Troughs r{rere also insralled below filEer
v¡indrows to determine their effecEiveness in prevenEing fill material from
being transporEed downslope.

Along tlte entire length of roads i,nvcnLories of ril l.s ancl gul1-ies r^rere
made in rlre fal1 of 1978 and tlre spring of 1979. Meast¡rcments iuclucle tlre
void volumes on the f ill slopes, tlre travel d j.stance bcl.ow the toe of the f ill,
atrd llte percent slopc of thc sicle slopcìs ovcr wlri.ch thc mat-crial \\ras transporEed.
Jn tlre spring of. 1979 similar Íriventor.ies hrerc nrade along selcc ted lengtlrs of
¡'oacls to qtrantify vol.umcs of f Í11 material displaced vi¿t slunrping. The volu-
metric measttrements madc on slumps quantify the void vcllunìcs onl.y and do not
reflect volumes of material transported below the coe of che fill.

RESULTS

Visual obsèrvalion has revealcd that three erosÍo¡ral processes are evidenE
on Èhese fill slopes. Sheet erosion occurs prinurrily as a result of raíndrop
splash duríng the sutnmer and fall monlìrs. It moves relarively small amounts of
material from the fill slopes and is not'transported an appreciable dÍstance
below the Èoe. Ril1 and gully erosion moves large volumes of material from
the fills and dornmslope. Transport distance is a function of Ehe nicrotopo-
graphy and foresE floor obstructions. Rill and gul1y erosion ir; mosE prollounced
during summer tltunderstorm activÍty. Slumpíng occurred during perÍods when fill
slopes have high moisture contents., primarily the result of snov¡melE. In many
Ínstances slumped maEerial does not leave the fill s1ope. However, subsequenE
rilling of slumped material ofEen transport.s this material downslope

Ril.l and Gullv Erosion - Road 9704

Quantification of rill and gul1y erosiön on Ehe road constructed to standard
1 specificatÍons was done Ín September, 1978 and in June,1979 (Table 3). Thun-
derstorms in the surnmer of 1978 eroded an average of 7 cubic feet of maEerial
per 100'feeE of road length. The n'et change during the two measurement daËes r^ras

2.9 cubic fcet of material per 100 feet of roacl. This volume ís aËtributed Eo
tlre effecEs of snowmelt in Èhe spring of. 1979
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Table 3. Volumes of
road 9704

fill erosion ín rills and gul.lies on
(standard 1).

Da Ee Vol,ume
fr3l 100 fE

Number
no./100 ft

e /e /78

6l6l7e
7 .02

9.91

I .45

I .54

The number of rÍlls and the eroded volumes in each fill slope height class
are proporEional to t.he lengEh of road representecl by each height class (Figure
1). For example, Elre 0-10 fooc heíght class (Class I) had 55 percenÈ of the
number of rills which accounled f.or 52 percent of che croded material. This
lreight class occurred along 57 percent of road 9704. This Erend was evidenL
on boEh standards of roads.

Actual eroded voltrmes pcr 100 fecL of roacl lcngth by fill slope height
class ranged from 8,4 fE3/100 fr ro lB.t ft3/i00 fc for roacl 9704 (Figure 2).
For boEh sEandards of road the 20-30 foot height class (Class III) represented
f
f
ire ,l-argesc eroded volumcs per 100 fecL of roacl lcng[h. Tf daca are combined
or all roads, a trcnd of incrcasing erodc'd volunìcs pcr 100 fceE of road lengEh

wÍ.th increasing fÍ1 I slope hciglrt vras cvidc¡rt,
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Figure 2. Eroded volumes per I00 feer of road length by fill slope height
class.

jlran'spor t Dis Eance

The eroded volumes for each rill or gully !,¡ere classÍficd by Ehe length of
downslope Eransport on road 9704. The average volume per rill v¡as calculaced
for transporE distancc categories of 0-5 feet, 5-10 feet, 10-20 feeE, 20-50
feet,50-100 feet and greacer tiran 100 feet (figure 3). There is a dcfinite
trend in tlre data revealing thaE those gullies EhaL displace larger volumes
move a farttrer ðisÈancc downslope. This trend was evidcnt on all llorse Creek
roads. The largest avcrage volume per rill or gully was found to occur on
f i1.1 slopes in the 20-30 foot height class (Figure 4). ilowcver, the number of
large gullies, greater lhan 10 ftJ of eròdcd material, occurs in the 0-10 foot
fill slope height class (Figure 5). The occurrcrìce of larger gullies appears
to be relaEed to contributíons from the road surfac.e. In most instances wheel
ruts or other irregularities near the top of ttìe fill slope caused concentra-
tion of surface runoff . lrlhen ttris vo]-ume of \,/acer was diverted, orrÈ.o Ehe fill
slope large volumes of material were displaced. Thus, the occurrcnce of the
larger gullies ín the 0-10 foot fill slope height class ís primarily due to
the fact thâE, the majoríty of the road length is in this l-reighL class. These
trends were evÍdent on all of the Horse Creek roads.

To determine the downslope transport distance for volumes of fÍ11 matþrial
it was necessary to make one assumption. It was assumed that eroded mateçial
was uníformly deposited over the transport distance. In reality, deposítion. is
¡roE uniform but relaEed to Ehe microEopography and obstruccions of rhe foresE
floor.

The rel.ationship betwccn dor.rnslope transport clistance and the percenc.oJ
eroded volumes (Figures 6 and 7) Ís ctrrvil.inear. The majority of the eroded
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Figurê 3. The average eroded volume pcr rÍ11 versus Eransported distance doum-
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Figure 5. The nur,nbcr of largc gullies (> l0 f t3) Uy f ill slope height class on
road 9704
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FÍgure 6. Percent of eroded volumcs of fill material passing a given downslope
travel distance for road 9704 ín Èwo wat.ersheds.
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Figure 7. Percent of crocìecl volumes of f ill materria.l. passing a givcn downslope
travel distance for three llorse Crcek roads.

materrÍal Ís dcposited in tìrc f irsl- 20 feec below Llre f i ll slopc. For example,
in Figurc 6, at'a travel distance of. 20 feeE, 43 pcrrcent of [he eroded volume
is transported farther Ehan 20 feet in watershed 16.

Road 9704 passes through two watersheds, 16 and IB. Alorrg tl¡e road the
side slopes Eypically range from 30 to 75 percenr in watershed lB. The majority
of the side slopes in watershed 18 are 30-45 percent. The side slopes along
the road in watershed 16 are steeper, ranging from 60-80 percent. In watershed
16, larger volumes are EransporLed greater distances due to the, steeper side
slopes (Figure 6).

The transport distances for three roads are shown Ín Figure 7. Roads 9708
and 9709 are standard 2 roads rvhich represenË roads well fitLed to the topo-
graphy. Ttrese two roads had maximum transport distances much greaÈer Ehan Éhe
maximum for the standard l road. From this data iE appears Èhat the downslope-
trarìsport of f ill matería1 i.s noÈ rel.aLe<l to a design st-andard, but inf ludnced
by rlre side slope clraracteristics below the f i.ll s

Filter Windrows

The f il t.er windrov/s along roacl 9701r lravc bc'en vr:ry cf f cc tivc in prevcntÍng
fÍl1 material from leaving tl¡e fill slopc. Trouglr data reveal that only 0.22
cubic feet of eroded material per 100 feet of road Iengrh was transported

\



Èhrough the ffltcr wlnclrow. There were places on other roads where larger
volumes of sed ínrc'rrt were t.ransport.ed tlrrough or over the wondrows. This
usually happcned wliere slumping occurrcd abovcl tlre windrow during the spring
of. 1979.

rison of SÈandards

Inventories of rills ancl gulJ.les provlde the most reliable data on f111
slope erosion. Based on thfs daËa, road 9704 (standard l) had the hfghest
fÍll slope erosion from the date of consLruction to June 6 , 1979 (Table 4).
The ave'rage fÍll crosion for thís roail was 9.9 cubic feet per 100 feet of road
length, compared with 6.1 and 5.1 for.the two sEandard 2 roads. However, âny
real difference between standards ís obscured since construcEion r¡as completed
on road 9704 approximately a month l¡efore roads 9708 ancl 9709 were comple[ed.
During this month, tlrunderstorm activity irìitiated subsLantial guily erosion
on road 9704.

The surveys of slumps were confined to only selected sectlons of roads.
Estimates of volumes of fill material'clispl.aced ranged from 4.4 to 21.9 cubic
feet per 100 feeL of road. These volumes do ¡ror repïesent the acÈual volumes
of ¡naterial leavíng the fill slope. Slumpíng \^ras much more frequent, on fill
slopes on roads 9708 and 9709, buÈ the author does not bclieve'this can be
attributed to diffe¡rences irr clesign st¿rndards.

Estimates of fill erosion from the trouglì data range
cub ic f ee t per 100 f ce E of road . Agai ¡r road 9704 lracl Elrc
erocled mater:ial, most 1.ÍkeLy due to the additional month
Èo lhunderstorm activfty.

from 4.8 to 60.9
largest volume of

that it r^ras susceptible

Table 4. comparison of fill slope erosion on three llorse creek r:oads based
on ril1 surveys, slump surveys, and trougl'r data. (Based on June
6, 1979 data for rill and slump surveys and Augus E 29, 1979 data
for the sediment troughs.)

3Volume (ft / too ft road)

Road S tandard
Ril1

Surveys
Slump

Surveys
Trough

Data

97 04

9708

97 09

9.9r
6 .10

5 .10

4 .36

2r.91

13.57

60:93
'.7 .82
'4 ¡80

1

2

2
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CONCLUSIONS

One purpose of quantifyíng fill slope erosfon and dor.¡nslope transporÈ in
Èhe Horse Creek Waterslred is Ëo provide data and relaÈionships useful Èo road
engineers and otlrer land managers. Measurements are continuing so tlìaÈ time
trends can be evaluated. AdditionalJy, Èlrere are daÈa on rainfall and Èopo-
graphy that have an irnportant influe¡lce on fill erosÍon that have noc as yct
been analyzed.

Based on available data, the eroded volumes of material from fill slopes
for app¡oxímately one year following'construction range fro¡n 5.1 to 9.9 cubic
feet per 100 feet of road length." The rnajority of the rill and gully erosÍon
occurs during the first few thunderstorms following construction. During
periods of snowmelE rÍ11 and gully erosion is substantially less, but sltrmping
occurs as fill slopes approach saturatíon.

The larger gullies transport matería1 a f.arÈher distance dovmslope. The
occurrence of the larger gullies r^/as noE related to the height of che fil 1
slope. However, tl're average volume of eroded rnaterfal per 100 feet of road
increased as the heighf of fíIl increased.

The majority of Èhe eroded material is deposi.ted within 20 feeL of che toe
of the fÍ11 slope. Larger percentages of erodecl material tcnd to be transported
farÈh.er downslope ás the slope of che fi.rest floor Íncreases. The relatÍonships
ber\^reen eroded volumes and transport distance can be usecl to evaluaEe the effec-
Èi.veness of buffer strips of native vegetatíon.

FÍlter windrows have proven successful fn minimlzing the movement of
material off of the fill slopes durfng the fÍrst year following conscructíon.
This may be one means of mínimizing entry of fill material into stream cl'¡annels
at locatlons v¡here roads cross streams. The approxímate cost, of constructfon
of filter windrows is $1.00 per 1íneal foot.
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