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Introduction . *{..r - .- ,. . . 

Roads can be a major source of sediment in sensitive forest mtersheds. In order to 
economically mitigate soil erosion from roads, we need to be able to understand the 
processes that muse erosion The Water Erosion Prediction Project (WEPP) has been 
shown to be vatid for predicting erosion from some forest roads Plliot et d. 1994, Elliot 
et al. 19951 that can be dem'bed as hillslopes. WEPP incorporatea land characterktics 
and topography with physical activities such as precipitation or road maintenance in a 
model to simulate erosion processes. Input files descri'be management, soil, slope, 
~ h ~ ~ d ,  and climate. Avariety of output information is available, including runoff 
amounts and sediment detachment and delivery. Watershed applications of WEPP can 
predict erosion and sedimentation values for small watersbeds and Livingston 
19951. - 

Forest roads are generally designed to be eiier outsloped, where water flows 
across the road ~rism and down the hillslope without wncentrating, or insloped, where 
water flows in& a ditch and then across tde road in a waterbar or through a culvert as 
wncentrated flow. The complex topography of an insloped road is better described as a 
w d e d  than as a simple hillslope. WEPP's hillslope version is able to model the 
outsloped toad [Elliot and Halt 19971, but the d ~ f s h e a  version must be employed when 
modeling the insloped road for wmpleteanalysis of outslope, ditc4 and b e 1  erosion 
processes. 

A segment of an insloping forest road with a cutslope and ditch may bemodeled as 
a small watershed which drains through a culvert and filters down a forested waterway. 
The puqwaeti of this paper are to discuss how w d  WEPP mod& insloping roads, to 
improve our understandii of insloping road erosion processes, and to determine whether 
or not the WEPP-predicted values are a good approximation of observed runoffand 
erosion Grom fonest roads. This paper descr i i  the insloped road structure as modeled in 
WEPP, presents the sensitivity to the input parameters, and provides validation. This 
information may wntribute to ddgn  or maintenance offorest roads to meet erosion andi 
mi1 1089 goals. 

Validation 
Field data h m  .&dies with &&lac roadcut chasacteikti~~ were used to assess the 

validity of the WEPP watershed r o h t  scenario. We are monitoring 85 plots in &% 



Oregon Coast Range Resource Area, west of Eugene, to assess the effects of cutslope 
height and cover, road length and grade, and diih management (Table I), 

Table 1 illustrates that sediment volume measurements in western Oregon vary 
naturally by a &giileant amount and that WEPP's predictions fall in this range. The 
climate data rrtilizea was from a station nasr the sites. The ranges shown for the road and 
ditch length, road gradient, and cutslope height were meanued in the field for two 
diffmnt road eegmeats with similat topography, soil, anrE management characteri$f.ics. 
The cutslopes did not contribute any sdbent to the ditch in any of the runs in either the 
field study or the WEPP sirnulatons. M-ts show that longer, steeper roads 
pradnce more sediment and that grading in the ditch increases sediment yield by a 
substantial amount. 

Figwe 1 &OW the distri-n of the field data in comparison to the trends that 
'WEPP predicts for a 60 meter road at va&w gradients for the sites in westem Oregon It 
illustrates, for both the predicted and measured roads, the marked affect of grading the 
ditches. This sugget%s thrtt bare ditches (new comct ion or a yegetation removal 
treatment) will cswsernore 8 e d i Z  production &om these roids. 

TaME: L CWmison ofsome fieid oBsewafl01~~to sirmclated W P  on@& 

Figme LMe~mdmrd~&ctcdse&mgntf elak@a 64nr madatlowParr in western Qregan 

-. 

A study by Brake [I9931 investigating sediment plume length was conducted in the 
Oregon Coast Range near our sites. WEPP does not directly prediot the sediment plume 

Road Length (m) 
Ditch Length (m) 
Road Gradient 
Cutrlope Height 
Ditch Management 
Total Sediment Productton (kg) 
WEPP EMaion from Road (kg) 
WEPP Erosion from Outlet (kg) 

Run 1 Run 2 Run3 Run 4 Aun 5 
87 33-40 60 59 60 
88 3441 60 60-62 58-60 

12-13% 3-5% 10% 5-7% 7?? 
1.2-4.9 0.6-2.0 1.2-3.0 6.1-7.0 2.3-5.5 
none none graded . none 
163-234 5-67 503-1 197 39-167 

grad4 
154-696 

166.8 18.3 52.7 36.3 40.5 
172.3 18.8 829.6 39.8 338.5 



length, but rather the sediment yield for a given set ofconditions. In order to estimate 
plumelength using UTE;PP, the forested waterway element below the culvert was divided 
into s e v d  d o n s  of variable length and the dimmt l e a ~ . e a c h ; ~ & o n  lwas, 
monitored. The length wh&%uostofthe sediment was fieposited Oil~theWamrWay was 
compared to jahe:sh abse&:ati&& Thephrmelength~is :&five bofhthehydmulic 
conductivity and the @ma f v~getahn on the forested wakmay duranel, :.as x+d as 
the differentt,obm&ns'W rrsr: pnesetlt inthe pathofthe run& T&e wgefationwas set 
at a fairly d e n s l e d  ~ ~ w d  to-&Coast R a n g e c h d t a @  &'$.he. 
condu&vity on @ewteryap kiset?&-80. mmlta, which,mrrwpon&sb ssnie.Eeld 
measuremefts. 

TabIe 2: s h s  that WEPP : ~ e s t ~ . e 8 . t h e e m ~ r e d  @lWlengths in most 
cases. B e  most $gnisCBRo f a & r ' i n p l w : $ ~  is theam&u&lgw,~ma ,the 
presence and m e o f  ob.stm&na:in & ffowpath~ It is & i c ~ I t  ta predict where, at what 
odentation, a n d h  laxge &tm&m axe an$ the&brn modding ~&ch d@%rbnces is. 
di&&. e p  wnently h ift:mdv& su$h.r m,, al&q&:Mh mer work 

Tale 2. Cbmp&wnn@Bw.5g f & 9 ~ ~ , ~ e n f s t & s i ~ 1 u r a f e d , , ~ ~ ~ ~ ~ . .  

m e  of the @poundmen't options Gay be capable ofmodeling tbeefPec@ of some of k e  
obstructions. am. the nrwmiw of a sediment plume does not nemssaribmean that there 

Road L a s h  (m) 
Contribnting B a d  Aeea (m?) 
~ o a d  Gradient 
Measured Plame Leneh cm] 
WEPP Predicted Plume 
Length (m) 

is no &ent.&d b&8:theplwne~. ~ h &  is currently afield s h u a ~ u n d ~ y  ,to 
& h e  the cimount o ~ ~ r n ~ c a r r i e d  beyond the obsgdpl tme  [Brake 'I99a. 

Road 53 Rod.9. Raad94 ,&ad. 826 Road 106 
3% 24% 213 in,, 
...~ 
S25 645 '81 8% 290 

74?4 6-9% 16.6%, ~9.6% I712% 
'IS 7 5 13 33 

44 28: 6 54 I4 

Another filCfor not &dered in this oalidatiotl is the act that these waterways -- 
not act like grassed waterway ohmnels, which wmentrab mad run& One or more 

of the channels may be better represented by ahilklope waternay dement with a . 
dispersed flow p.aftern (figure.2j, & v&i~h &e the current WEPPWatded Version 
cannot be usedfor this s-. Diierenttdow ~. p&t&ems.result indiPerent sedimentation 
propertim, as .shorn in Fgwg J @ 4. %&urn 3 ~hows, sediitiition dcaaring in a wide 
Bat h e 1  b e s t ~ r 4 r d &  a Wqpe:blow-the:dveft, e f t ~ e i : ~ ~ ~ 4 i ~ ~ s  a 
ad&e ~ , f & & b e 3 @ ~  the cnh* d d  k t w  %tewe& g $ ; a . e b l .  ' ~ i ~  3 
&, &- a 1%; maodp&*&& M@.;&~ &o& in a &&er plume. 



The validation studies indicate that the current version WEPP can model the 
effects of different road topographies and treatment conditions on the erosion processes 

not madel sedim 

Figare 3. Woferway with a 
dispersedflaw paifem eoncenbatedpow pattern 

Sensitivity 
Having determined that WEiPP predicts reasonable d t s  for road erodoq we 

performed a sensitivity study to determine the mod impo-t processes ininsloped road 
erosion. The elements of an insloping forest road are the wtslope, a ditch, the road, 
culverts spaced at desired intervals* and the hiuslope or gully below the culvert where 
s d i t  foUows an ephemral vegetated ohannel toward a perennial stream. To model 
this scenario in WEPP, each element was developed indniduaUy and then linked together 
in a watershed structm. 

The road travelway was modeled with an bI6pe of 3 percent, diverting all runoff 
to an inside ditch rather than onto the hillslope below. R o d  gradients of 2,4,8, and 16 . 
percent were combined with road lengths of 10,20,40,60, and 100 meters for a total of 
20 road-length combiiions. These 20 combinations, each simulated for five dierent 
soil types, produced 100 different runs. The soils represented a range of typical soil types 
observed on forest roads and included a siit loam clav loam. sand loam loam with mvel, - .  - 
and sandy loam with gravel @able 3). 

Table 3. GendRoadlnput Parameters 
Gmdient Length Soil Type 

2% 10 m Silt Loam 
4% 20 m Clay Loam 
8% 40 m Sand Loam 
16% 60 m Loam with Gravel 

100 m Sandy Loam with Gravel 

Of the 20 road-length cambitioos fhr the silt loam soil, several were chosen and 
combined further in the watershed scenario with a cutslope, diich, culvert, and watemy. 



These comlinations were analymd in WEPP to emblishtrt?nds For fature m~iarios and 
validation. 

Because a forest road has little or no vegetation, the management file in WEPP 
desmies a Eallow systemwith season4 blading. The runoff flow path @P) on an 
insloping and downsloping road follows a diagonal pattern across the road toward the 
ditch and is dependent on both the inslope gradient and the downslope gradient (figure 51. 
In order to aocurately model this as a hillslope element in WEPP, the road segment has 
been described with a length of the flow path, rather than the physical road width. 
Subsequently, to maintain the same surfaoe area for precipkttion and evapotranspiration, 
an effective road segment width (EW) was determined by dividing the physical road area 
by the flow path length. This configuration neglects any rutting in the road and assumes a 
planar travel surface. Arutted road wadd increase the flowpat$ thus inwasing the 
erosian from the road smface. 

w 

Travelwag as WIeasmpd Travelway as Modeled 

Figure5 How Pnftem Descdptiori of Roadaemnf 

ma4 I 
0 2 4 6 8 l O P W l S I  

mad ondlmf m) 
Figure 6.Average Atlmral Runogvalues predicted 

by WEPP for one year in Nerth Bend, OR , P, . L %ti> 

WEPP performed the looruns for a North B'end, Oregon c l ime  for one gear, ai~d 
output values for average sedrment.loss and,average runoffwere recorded. These results 
are summ&ed in figures 6 and 7. Wer-Climates. sh@r trends. Using generally the 
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same variable inputs, Burroughs and King [I9851 developed an empirleal equaTipn to 
prediq sdimsnt yield bidsed onroad grade, surface density,, and~theDSo ofthe loose soil 
for the rwd element of tbe roadcut scenaria. This egw%ion produces3 a umrp, with similaf 
tredds to dgure 7. Fvr mare etosip$$oil praprties and higher road gradientsa soil losm 
were higher,& . i n w d  kan errp~tential matm.qi with road lagth. 

a :z. 4 P I* 5% w 7 8 .  *B 

'R&0~@wtRu 

.Fi$me 7.A~@e&@~'@1aisn ~ & $ f i ~  wpw#mdi& 
b2 m ~ ~ r ~ l t n r e a d ~ ~ n f  & N&hdi,C& 

The'awq+&:,$gg&$:&el$ d@e the.teduc&l surbe:s~,.cagasiby, .while 
in& erasion rd.$egn~~epe-r-mEand ;greater erosivity dft&ru~ff  &ter 
bece~se-bfhigherw*imiqgy 'Tfiere more eros~fon onthe.longer ruadsfopes due to 
a hgex wea t&$t%I-&. Chmges,in road Imfi ditl not afFect h m o f f  dm.. Erosion 
.and & o E ~ ~ e , ~ 1 f & t h e ' d ~  laatnand claJ.l&rn soils, respeduelp (figure S). Soil 
loss and wnoffw&e: both 

Qwl 

m&um 8. m$QAd%,tI:wf@.m,dlEr uvit&.l~e~ff@iisspil'~ 
.gadf@t dnd.$&n f@fk ipWak&!Ben4 ,Dl3 

bitch ;Characten'st?~s 
d . . The ~ e l e m k n t  @ beiwqrporatediaa:&em~tied,m&e &t&whIch 

i fi ' K ! & P ~ : ~ & , . ~  a mawnai e k e l .  :In% the road shape was &n@ @:accomodate 
the 8b.1~ Wth, the.questi~fl arose as to where along tfie 8teh to pla& the road dement. 
WF2P u . ~  $ttu&m eleui&htstsd places them A e  by side or above aad beta* one 

.. . . .. *. .. 
I. , . '. 

. . ? . :  
8 .  

7 ' 8  - .  
i 
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another. Several different configurations were simulated with the road element at different 
locations along the ditch. The results suggested that the best way to configure the road 
and channeI was ro center the modified road segment at the midpoint of the channel 
(5gure 9). This currffguration was nat onIy easy to build, but gave more consistent 
outputs. The s e d i i t i m  &om Chamell in this configmarion may be underpredicted 
and the sedimentation &om C h m e l 3  overpredict& but the overall &ective yield faus in 
the o b m d  range, as shdwn in figure 1. 

These runs were performed using the same Channel1 
climates as the single-element mad, and two soils 
clay loam and silt loam with gravel. Four d i i e n t  Channel 2 
length and slope combhations were selected for the 
mns. In all cases, the road ditch was eroding. 
Table 4 shows some typical results for one soil type. Channel 3 

Fimre 9. Channel m d h d  Conf'gurotion 

Table 4. Sediment yieldrfiom the trovehay and the hwehvay with ditch in one yearfor several silt 
foam ma& predicted by WEPPJbr a Norrh Bend climote 

I Gradient Road Length Sediment Yield from Travelway Total Sediment Yield I 
(m) IksJ (kg) 

2% 60 523 890 
4% 60 651 1554 
8% , 60 -1328 2775 
4% 30 326 f045 
4% 90 977 2027 

Cufslape Chaiacferisfics 
The cutslope was modeled with three dBemt mounts of vegetation, which were 

named Mw& Some, and None for simplicity. v&etation charict-eristks are described in 
the management file and include a number of yaii&les such as stem diameter, plant height 
and spacing, and till and i n t d  cover. In order to reduce repetitive runs, the road length 
was fbced at 60 meters and the soil type as the silt loam. Cutdopes generally have steep 
slopes, so the slope was slked at 100 percent and the height was vatied at one, two, and 
three meters. This mde a total of36 tuns: four different road slopes, three di£Ferent 
vegetation covers, and three Wrent cutsfope heights. 

The soil chatacteriistcs we $ffermt for each el&ent because of wmpaotion and 
disturbance. Table 5 shows the modeled soil properties in the WEPP soil file for the silt 
loam soil. . 

-- 
Table 5. Soil ChcvulcfmSftcs of WntarshedEIements for filfbm Soil 

Element hi kr 
'"".z 

Candnctivi 
kg'.'m4 dm N/m mmlhr 

Travelway 3000000 ,0006 1.8 0.3 
Ungraded Ditch 2000000 .DO03 4 10 
Graded Ditch 3000b0 .0100 1.8 10 

Cutslope 2000000 -0003 2 10 
Waterway 3000M)O .0006 1.8 80 



Figure 10 s h e s  what portion of the sediment eroding comes From the road, 
chameZ and cutslope for the hut peroent road gradient. Regwdless of cutslope 
characteristics, the soil loss 6om the road is the m e  fcr agiven road slope and, in this 
case, erosion from the ditch dominates, It 5s apparent from-&re 10 &at erosion from the 
cutslope decreases sQ&ly with more vegetation and inoreases with height. Greater 
cutslope height also causes more channel erosion due to greater m o E  Dependent upon 
soil characteristics and road and dioeh managmsnt, o t h e r ' d o s  m q  show msion 
being driven by the road, but the general relationship of cutslope vegetation and hei* 
and road gradient and 1- holds. 

Figure 10, WEPP's prediited sedi~ttmPyield far different Cilfslop&ighfs and vegetation mmmfs 
for a watirshed consisting o h  4% silt loam road 6 0 i  loniwith a channel and a 
cutsJope for one year in North Bend, OR 

Below l e  Cukert: Fomted Mateways 
A corrugated mdal pipe culvert is usuaIly used to divert runoff &om an insloped 

road tie the wahrmy WOW. where water infiltration a d  sediment ETeaosition occur in a' 
concentrated &i. ~ h e h ~  Watershed Version includes sev& temnlates that 
simulate impoundments, incldmg cuIverts under roadways, but the sairi&y analysis 
approach revealed severid problems with the impoundment routines. In order to bypass 
these probrems, we chose to model the culvert & a nonerodible open channel with-; 
roughness and gradient War to a m g a t d  metal pipe culvert. This porfion of the 
study investigates the complex i n t e d o n  of discharge and Stration blow the road 
Norfin et at 19963. We assume in this d o n  that the portion dthe forest floor where 
the runoff Miltrates has formed an qhemeral V-shaped channel (figure, 2). 

The structure of the- watershed as perceived by WEPP is a series of ixiifdopes and 
channels (figure 11). Recall that since the road is insloped, the road-hillsbpe length and- 
width were altered to aecount for the diagod overland flow of the water toward the 
ditch. The importance of the waterway gelowthe mlver& can be quantified by comparing 
incoming sediment amounts and water vo1umes to outguhg sediment mounts and water - - 
volumes. These may vary with road length and gradient, as 4 aswatermy Iqgth, 
gradient, side-slope and roughness. Ik this  stud^ we have deveioped sets of WEPP runs 

showed that w@erw&r$e.m&f ~$&slo& had. Ho & i t  on sediment yield or runoff 



Fi$lre 11. Plan view of complete w ~ r s ~ d ~ o f u r e .  - 
To illwtrate the && of waterway length and road length for attwaaing 

discharge, the gradient ofthewaterway was fixed at 10 percent and the road gradient at 4 
percent. Waterway discharge increased as road length inweases and/or waterway length 
decreases. This occurs because the larger su&ce area of the road leads tp more runoff, 
but a longer waterway results in more idltratiog or less runoff. 

$ 30 -- 
8 
p 20 . - -  

0 l a  20 30 40 SO $0 70 80 90 100 
Road Length (m) 

Figure 12. WEPP 'sprdited wafey~nydisdtatgesfor dipentrdad and 
watenvqv lengfhsfr ChmIesfon, WY: Roadgradient Ss 4%- 

-60m waterway 

30 40 SO 6P TO 
Road Length (0) 

Figure 13, ~~~~"s~e&f i e ip sed imen ty i e& for onepar for digerennt roads 
and uatmays iri Oza.v!e~f~l, W. Rmrdgradienf is 4%. 



Figure 13 shows chat as road length increases, sediment yield increases. Sediment 
yield is generally le6s far roads which ham longer waternays. It appears that for ahort 
road length* longer wat.emsp produce the least amount of sediment. sediment. raad fength 
inmeases, however, runoff increases au3icienfly to erode the &tire length of the 
waterway, and longer waterways result in more sediment produdw~. This ooncept is 
further illustrated in figures: 14 and 15. 

- t'I', Figure 14. RunoJTattenuation over waterway !en@ with grudient r ' - $  

;%J' & - of 891; fw one )tear in Megxd,  aR&r a 60m long mad 
. y%?? / +-.. 

Figure 14 vo - ? m e  entering the waterway as the upper tine aDd ~0lUme 
leaving the waterway as the lower curve for one roadcut scenario where the road is 60 m 
long at 3 percent and the waterway is of vatying length with a gradient of.8 percent. This 
graph suggests that 160 m are needed to infirhate the runoff h m  the raad and cutslope 
section. 

Pigure 15. Sedimenl Ti~ldfor vmying wutenuay length with 8% 
gradientfor one yew in Uedford, ORfor a 6Qm long read 

The eEe& ofwaterway length on sed~neflt yield shows a diflhent initial trend than 
the runoff discharge. ~i& 15 shows that erosion occurs Lr the waterway channel for a 
distance of about 80 meters before deposition begins to occur. A regrets& analysis 
resembles a mond oder equation with the y-intercept as the incoming sediment for this 



trend. This graph ins'maates that, for this- scenado, a waterway length of at least 180 
meters is needed between a 60 mekr road length aad a stream &amel if no road sediment 
is to enter the stream fbr this ohate  and soil. The-peak of the curve $has with ohanges 
in road segment length, gradient, soil type, and dimate. 

Figures 13 and 15 both s- that a short watemy ts better for aontmlling 
sedmtatiQn than a v&emay of "mediumn letlgth in some eases, while a waterway of 
extreme length is p r e k  J itl all cases. For the &o depicted in ff *re 15, sediment 
delivery is  Wted by the length ofthe w t e ~ t a y  4 BO m is reached. Beyond 80 m, 
s e d i i t  deliyay is trarlsport-limited in that the energy d t h e  moff is too low (fg. 14) to 
transport dl of the sediment prdowly eroded. 

The r d r d i d p s  between wgt- length and sediment yidd were diEerenf ftea 
those presented by Mo& et al. [1996], w h ~  modeled the flow downstream from the road 
as dispersed flmv rather than channel am. We umd their overland flow model tfi toay 
the imp& afthe channel on erosion and sedhnent delivery &om roads. n -e  WEPP 
waterway channel has a d b a t e  side dsp%i ga the c-1 flow pattm is dtfferent from 
the dispersed flow p m  portray& by Mortin et d. [I9963 in the killslope model (fig. 21. 

gigate 1%. &dErnenfnf~eld/vo~ adispeed wahwq 

1. 

me:moff&-fion:& m t  $&If& th6,Nslage we- has a:&@ 
-.hat .ta &the &.*rm. In both mi 14 a d  164, the flow 
depth decreases & wim thenj$&Ri tes  into the forest flmr. 



However, %mause the wdemay is a channel in &&re 14, a longer waterway i s  needed to 
infilb-ate the mnoE Properties of flow in a triangular channel are different Erom 
propertit& of oi!erland flow, causimg this discrepancy. FSgares IS and 16b show that both 
types ofwatenya iiiiwy &Qde and then be&.to depasit sediment some distance down 
the dope. The 2chn& waterway erodes tlieslape for a longer distance hefore 
depositing whil~fhedfspem~ @ow hillslope tx*. deposition sooner, tbsmakhg~the 
distance thak&w,eraf4e@ @&gx&,Ittsru. %h,e:@q~sitloa @fes tire fiiop~rtiod f& $he 
v&mee of , ~ f f . & . ~ &  -. .;... ..c* r wr & *.,of&@ $& ~ h g e  wi& 
diflbmtcbates, &topopphies, and so3 c h a r a p g ~ .  

Th @ w e ,  theeffeots of diieriqg, mteraray m s ,  fie. werway Ikngth was 
fixed at three- $ &e~rndel;&End thegradient ;varie&i%--~qp.-& skay p~r&nf. 'The 
results oEbo@ w ~ $ ~ d , m d a & a r g e  V d w b & w e d  kha&q &&.gr$&qnt ofthe 
waterway i n c r e ,  .m&fan@ ~ ~ o , & B i & j t h . i h c r ~  ba:!dkm@s mrda t ive ly  
small. TabIe'6.flu&#w7h~.&~atemy;g~&t o i ? 8 ~ ~ i x z i t d  @eld @ont 4 oubic 
meters per year less v ~ w 6 i m e m & a a  &radierit 0fj6Q.~p@cen~. If. aIsa shows that the 8 
percent gradknt will geld 0.2 tggni?s ofsedim@xt mmentbs:&gn the 60 per& 
gradient. These & .pMes:in&&t;@~&&@ ., &&a ~ . ~ . . ~ . .  . -tJri&d,.rne -&iue 
to the waterr~ay.pdient.~~JV@P~ 

Table 6. Discl.&&W.;-^...~$m~~~:&s Wgmwuqlr length $#3m 

. . 

Lady9 d q p  iawa~enmy rou&ness were examined to determine the effects of 
channel roug&ness m dbhwge and sediment yield. W P  .calcuIrrtes roughness e$ects 
&om a bareB&ut&fg n and a tad Maming's n. In this analysis, waterway length was 
fured at 100 m and 8 percent and tive d i e n t  bare n's were chosen. The road wa fixed 
at 60 m md 3 pemmf, while the total n wried firom 0.05 to 0.70. The high Maiming's n 
values are more c m o n  for the ShaIIow flows found in these ephemerat mtmys. A 
vahe of 0.05 is representative of coarse. vegetation or a stony channel and a value of 0.70 
would be representative oda channel with large boulders. Figure 17 shows that as bare .- 
roughness h w s ,  sedhept yield increases propoaiaoatly. Changes in total n w s e d  
little variation in d ~ m e n t  yield and wrves looked similar to the one shown. The analysis 
showed no change in runoff far changes in &er roughness. It w e  noted that for vety 
short waterways, &an& roughneslr muses unpredictabletrenddin sediment yield and 
runoff discharge, \. 



Manning's Bare n 

Rgme 17. WP'aprediefed&Inrent@el& far vmims bme M~nning's n and a bfal Manning 's n of 
O.3for a 60-m roadat 3% gradent and IO&n watemq at &!X gradientlremMedfo& OR 

Discussion 
The road pottion of this study points to road length, road gradient and soil type as 

the driving factors m erosion. Erosion &om the cutslope element is relatively small 
compared to that ibm the road element. Depending on the soil and management 
characteristics of the ditch, erosion fiom fhe ditch may or may not be of significance. 

The watemay study demonstrates that the most significant variable driving erosion 
on a waterway i s  downslope waterway length and to a lesser extent, bare roughness. The 
amount and density of vegetation are important, as well as the hydraulic oonductivity. 
Factors such as waterway gradient, channel sideslope, and total roughness are of 
negligible i m p m c e  whenmodeling with WEPP. The presence and orientation of 
obshuctiom drives where and how much sediment is depo3ited in thewatmay, as well. 
Also important is how the road prism watershed is modeled, as demonstrated in the 
comparison between the hillslope waterway and channel mitemay. It is uncommon and is 
not a recommended practice far culverts outlets to discharge directly into a channel 
watemay. There is a need to develop a watershed model that incorporates overland flow 
below chnnels to be able to model the more common hillslope waterway. 

The large variability m sediint yield patterns shows the high complexity of 
modeling a roadcut watershed scenario. Even with amodel such as WEPP, it is difficult 
to account for all the variables and their Boundary conditions, but WEPP dows many of 
these type of variables to be pccounted for that past studies have 'lumped" into '%actors" 
in models. For example, we found soil erodibility to be an important parameter 
when validating field measurements. Without knowledge of soil erodibility and .- 

conductivity, WEPP runs can be us& fa comparison relative to other WEPP scenarios 
in establishing trends, but may not approach values that one may observe in the field. 

Conclusions - . 
We developed a aet of insloped road scenario templates with dlgerent 

topographies, soils, and management prmtices. These templates can be modified for site 
specific roadcut scenarios in diEkent climates for practioal appLi&n by fmest engineers 



and managers. A validation study reflected that WBPP's predictions were reasonable 
approximations for the aediment yields at our plots and the ditch t rament  made 
s u b m i d  increases in the sediment yield. This yield also vafiea with topography, soil 
type, and climate. WEPP did not appear to predict d e n t  plume fc,fmitiod in 
waterways. It appears that fmors such as obsttuctiolu; and channelization are critical in 
plume formation, and modehg these features requires ftrther investigation. A sensitivity 
analysis w perf%rmed and the applicability of t h e  templates was tested using the field 
validation. The most impox&& variables in terms afsedi i t  prohotion are, in order: 

* Road segment length 
8 Rbadslope 
* Ditch management ptactiw 
* Waterway properties 

The cutlope topography and mmageme~ had tlliniroal &ect on fhe sediment yield ofthe 
road scenario. 

When used correctly, the WEPP Watershed Mode1 m be usefal in predicting 
runoff and sediment yieldsfor insloped fore& roads. WEPP can account far such 
variations as topogephy, sd properties, m(inegmnmt.e ,  and dmate, all of which 
cause substantial d iEmces  in the hest  road erosion process. Bemuse W P P  is 
sensitive to s m d  input va&Mes, it is impmiant to h e  site 5p&c d e w s  for 
comparison or c & b d  Eor the weas pf"mtezea 
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