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Introduction ~ ~ d t = t . ~  - . 

Raads can be a major 190ur~e of sdhmt in ~ ~ v e  forest ~ t . ~ e d ~ ~  In odec to 
economically mitigate so3 erosion fim roads, we need to be able to understand the 
procases that wse erosion. The Water Erosion Rdiction P r o j e  (KEPP) has been 
&om to be valid for p'redidhg erosion from some forest mads PUiot et aL 1994, Elliot 
et al. 19951 h t  can be dewbed as hWope9. WEPP hcoqorattzs land oharactexktics 
and topography with physical d v i t i a  such as precipitah~~ ar mad maintenance in a 
mod4 to shdde'erosbn processes, Irzput files. d d e  magment, so% slope, 
ohannel, and climate. Avariety of output idiorrnation is avaitsbIe, including mff 
mounk and sediment detachment and delivery. Water&ed applications of WePP am 
predict erosion and s ~ ~ o n  valwieg for mall watersheds and.Li&gst~ 
19951. 

Pam& roads are g a d y  designed to b &ha ~utsloped, where water flows 
aaoss the road orism and down t;beh&Iop~ without concentrating, or insloped, where 
water flows into a ditch and then wosa the mad in a waterbar or thou& a wtvert as 
conantfated flow. The campfex topography of an insloped road is better descri id as a 
w d e d  than as a simple hilldope. W P ' s  biHslope version is able to model the 
outsloped r0.d @Uid and Hall 19971, but the d s s f x d ~ v ~ o n  must be employed when 
modeling tbe &Iupd road for w q l & e d y 6 s  of mtsbpe, ditch and h e 1  erosion 
promses. 

A segment of an instoping forest r d  Wztb a, cutslope and ditch may kmudeled as 
s small watershed which drains through a culvert and fiilters dom$a forested waterway. 
The purposes of this paper are to &CUSS how well WEPf mod& Ins1uping roads, to 
improve our u t l d e r m d h  of insloping mad erosion processes, md to detmirie whether 
or xl~t the WIPP-predicted values are a good apprabmtioa of observed nm;oFmd 
i r ~ i o n  &om f~ roads. This paper d85.m'bes the Moped road structure as modeled in 
W F ,  presents the sehsitivity to the @ut pmetm, and provides validation. This 
infomation my contribute to design QT meensm~e afforest roads to meet erasion and" 
ma I~SS goab. 

Validation 
Field data h r n  a & s  with &dlar d 8 & a m c f c d a w e r e  used to assess the 

mliw ofthe WEPP wnt& rsadart st?~~1aria. Wsaremonibihg. 85 pl~ta in !&k 



Oregon Coast Range Reslmrxce Are% wesf of Eugene, to ssess the eEects of cutslope 
h&&t and wvmZ r o d  length and gradq and dihh managemait (Table 1). 

Table> 1  ill&^ that sediment volume rneammmntg in western Oregon v q  
naturally by sr sigdkd mount an$ that WPP's p d i d o n s  firll in this range. The 
dimate data utilhd was,@om a stati~a mar the sit!.  T'he.m@s shorn fbr the rmd d 
ditch lengt& road &radiiat, and aslope h&& were m m d  in the field fir tw~ 
Mmnt r a d  ~ g n m t s  wit31 sirnilax topmphy, so& d mana~mt c W e r i ~ c s .  
~ e ~ S t o p ~ d d m t 6 o ~ u t e ~ ~ t o ~ d i ~ I n ~ o f ~ r u n 5 . m ~ ~  the 
5eld study ar the WETPP simMi0115, M-k+shoftt that longer, steeper ,fo& 
lp- more sediment aid hi grading in the &ch incntma sediment $dd by a 
ddaI amount* 

Ruad Length (m) 
Ditch Length (ma 
Road Gradient 
Cutslope Height 
Ditch Mwagenwnt 
TOM &dimenit PmdWlol (kg) 
WEFF Erasion from Road (Lh) 
WEPP Emiop fkom Outlet @g" 

Run 2 Run 4 
$9 

60-62 
5-7% 

6.1-7.0 
- none 
39-1 67 

36.3 
3918 

H m  1 &am tXlR dbtdmdon af #e field data ia matparison to tkue treads that 
WEPP predi- far a 60 m g . ~  rod  at xarbm, gmbnb for the sites in westem Oregon. It 
illustrates, f-or both fhs predicted and measnrred mads, tbe marked &kt ofgradigg the 
ditches. Tbis sugg+&i tbt bare &tcheslt'(new oortstm&on or a veg&&n remod 
treatment) will emse mme d i  production fium &we raids. 

A study by Brake lj19971 investigating sediment plume length wfasnduaed in the 
Omgun Cbast,Rmge n m  our sites. WEPP does n ~ t  directly prdiot the sediment plume 



b@, bait .rather the sedbmt yidd for a given set ofconditions. In order to estimate! 
plume length using WEPP, the &rested waterwqy dm& below the miv& was divided 
into s w d  ~ Q W  ofwsiah~e Length anc~ She sediment ia-. each sextion was 
monitored. The length virhhrem~st of th &eox f k7a~  m the.watmvs~$ wag 
cornpard to diesite 1~bm.ioiik 3'h:phme leq+is,dt&e w 6.e @mly&mlic 
condu- the ami~v@&.sf~~~11,9n  the k-& -f chu& :as w@ as 
the c W e r e a t o b r n ~ ~ ~  m h&e,p&~ ofthe run& Qe W d o a w w  set 
at a G I y  dmm.W @'tximqm$ m.iate Goasst R e m p  cham6i-w aid the. 
Wndd16@ &dWi@Pp@f *$~&j?.k 80 IIU~~E, t $ & h ~ ~ ~ m ~ o d s ~  WmBhld . . 

m a r e m t s .  

Tabk 2 s h s  that WEW tmxx&- tbemmred plume; length H most 
GW. The most dgniil-t fhtmrinpl- leq& b thew&tiig~&ea~~a;nd the; 
presence and @eeof: ob-mia ff~w-g&; it is d ~ c t l l t  to predicf; %$hereV d what 
orimtahu, rtnd bw olx&r&ia are and &&ke madekg wch o ~ B ~  is 
d i f l h k  MBH? wnmdy doee eat p"dMe sacih.2~ $cam.&, t&b&%@ with ibther work 
mm.afthe impouat-t apttons maytjeqabfe bindWR4beecta dwme o f k - e  
o ~ & ' ~ o N . '  Abq t k  p . 6  bf a S d b e x ~ t  p6mhs d~ ff@ ~ 8 ~ T E € % l l  that thare 
is no sediment @d b e p r i d - ~ I ~  p h w .  Them is CWT- a @ld d y  utldwway to 
detmnim the ,@nount i;xPw&nmt~dd beyond the u b w  .plume [Brake I.99q. 

Another fhefor .nut &det8:d in this Vazidati~fi is a e  %zt that &em watmmys -- 
l'nay lzot act like grassed w~terway ~lymmis, which mmxntrab m d  runoE h e  ar mare 
of the c W e 1 s  may lm better repremted by ahibbpe wztteraray dement with a . 
dispersed flaw pattern (figare z.), i,a w e  the CWT-WPP,WJ~I'&~ Version 
eannat be used fm $Ids s a s q h ,  DWm&i@w pfkms. re& inmer- &entation 
properties> as shorn in Bgsw 9 4 k Bi- 3 dmws sed'ihtion in a wide 
fht h 4 1  b&;rqresmt& a i d k h p e m  %he d ~ c c ~ ~ p 9 ~ ~ ~ t 8  a 
d&&e rill f e w o w  &e mdi& L W  kky~eMe$ a@b.dmbeI. F&gzre 3 
also &- at ~ r g p  ~~50;dpib- -&g ljht P in dMi&& plwae. 



The, validation studies indicate that the current ue~sion WEPP can rnadd the 
effwts af.diff@ent ~ o a d  topographies and treatment ~ ~ n d i t i ~ n s  .on the eradon. processes 

not maad, sedi 

3. Ilemt?y with d Rgum & tFTafenqy wit& a' 
di~pe7~t:dfia@m couce~htedPWpcrttem 

Sensitivity 
Having d&&d that WEFP. pcdicts r d l . ~  d t s  for mad modori, we 

performed a sensitivity study to d e t e k . t h e  nosf important proowsm inksloped road 
etodun. The elements af an insloping fbrest road are the ratslope, a dit&,'fhe road* 
dverts spaced tit desired i&mds.+ and the hillslope or gully below the advert where 
sediment fiIIow5an e p h d  vegetated &aivtd t o ~ d  a pamid s & m .  To modd 
this sceilario in W P ,  d dmeat,wa developed individually and thea linked together 
in a watershed ~frmtae, 

The road t r w h y  was modeled with an hlape of 3 per- diwFfing. all runoff 
to an inside d$t& m&er than o~go the hillslope bdow. Road #@W of2,4, '8, and 16 
percent were combined witb road lengths of 10,20,40,60, and 100 meters for a total of 
20 road-length combinations. These 20 combinations, each simulated for five dierent 
soil types, produced 100 cent runs. The soils represented a range of typical soil types 
observed on forest roads and included a silt loam, clay ham, sand loam, laam with gravel. 
and sandy lorun with gravel (Table 3). 

Table 3. Ge&wd Rmd Input Pmamfers 
d 

t Gndknt bngth Sol Type 
2% lorn.  silt h a m  I 

Of the 20 mad-length w&k&ioas #r the sift loam soil, s d  were chow and 
aumbiied fbrher in the wa&eil maado d t h  a aidope, dirrh, advert, and waterway. 

4% 20 rn clay Loam 
8% 40 tn -a barn 
16% 80 m L~arikv~ith Gravel 

I00 m ~ d ~ L o g r n w 3 h Q ~ ~ e l  
' 



Baause a forest r d  has fiae m no mqptatbq the mmagerned filje in m P P  
de&gf!ries a M m  m e m e  &%wm$ Mading. The moff flow path (IF) on an 
&loping and dowmlsplng. road funuws a diagonal pattern across the mad twvard the 
ditch aad is dependent on M the insIope gradient and the d o d p e  gradient (figure s3d 
In order to accurately mdel this as a hillslope dement in WEPP? the mad mpent has 
been described with a length of the flow path, rather than the physical road width. 
Subsequmtly, to maintain the same f"nr ~ r e ~ t a t i o n  and ewpotmwpiratian, 
an effective road seginent width (EW) was deterrriined by dividlng the physical road area 
by the flow path length, This ca&umtioa neglects my rutthg in the ma8 and assumes a 
planar travel d a c e .  A k e d  m d  d increase $he flow 'pa thwbmasiag the 
srosicrn fiom the road surPace. 

F-4 

. I . .  . .. 
0 2 '4. 6 8 f 0 Q M  I 6 Q  

Haad QtiiibltI1C) 

WEPP @armed the 100 rum fbr a North Bsnd, Oregon cPhmtftt fbr one par, aild 
output values for average se;S*~xnent,loss and average runoffwere recorded. These results 
are wm@rhed h Xigum 4 and 7. Wer c1irwtm lpd sim'?gr gmals. Using geperdy the 



wine variable inputs, 33umu@ and King [19M] dwelopd an empit4d equation to 
,predict &'tl.f yhld based w soad gt~ijle, surface hasity,, md the-l)30 ofthe loose SOU 
fur the road de&m uf the roadcut scalar*. This eq.wtZun p m d w b  a aavs w*l sirailar 
'beids k figure 7, Fqr mmge @**.$oil p r q ~ ~ ~  md higher rod &rztdknt~% mil bssm ' 

wem higher d i n w d  in an eqqtenilal m w t r  with rod kq&. 

l"he?e?iar-,mgd$&d$ dm the.Mu& D&-s- capacity, whlls 
kcxam.4 = a h  rd2*w.&qwmP& g@tw ;emaivQ bfthemff water 
hemme df&&w m a i a ~ c ~ g p  mas m~rn rm . fb  lager Wiiipa due to 
a hqpr am mi&$%&tbg, ~ ~ ~ . i r t  r d  did not the amaff cfepttx. Ez09i:hn 
md l ' l l J l ~ ~ ~ @ i ' ~ ~ ~ f h $  %Sdt kS$tlAUd Play I& d g  F;~@B~Y (4m s). 
b s  m d m o E w ~ r e b o ~ ~ ~ ~ b m ~ ~ ~ & ~ w d .  
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'1Figp~ $ &tm#tmdBB Lmf@mdcf$ with d#e:W.@ii~B~~H 
F @ ~ r  ad .$h k& fn &x& Bend 88 

d - .  The; mxt.elemement t~ be hEcqqgmtttd , i@~ the vatei$hed.v@s the -.which 
- x i ~ & , s a  a masimil c h d .  Sine t h a d  shape war OM@ tg m-a~dcte 
the Btm ~ t b ,  %htzqudm arose as& whm arong fbe $rtch to p b  the ma8 dffanmt. 
YYEF? u$H $tm&m eZ&mts etntl places th%m side bg side lor above slnd b d ~ w  or: 



another, Seveii~I different configarations were simulated with the road elernant at diEment 
focadons a l o ~  the ditch. The results suggested that the best way to canfigure the road 
and chime1 was rer amter the mudifid mad segment at the inidpoint of the channel 
( k r e  91. 3%~ 6 6 1 A f i ~ d i ; o n  was not d y  eagy to bug4 but gave more consistent: 
outputs. The sdmtim fkom Channel 1 in this co-don may b undqmdi~ed  
and ahe sedimentation fkom'Chd 3 avwedi;c;~a but the wedl dEe&vb Held f ib  iii 
the o b m d  range, asshdwn ln figure I. 

These mt$ were perfamed asirrg the stme f3mmll 
climates as the sin@+eIetp&it tqd* a d  M u  
clay loaim and silt Im w?i Four d i ' n a  C m i  s 
length and dope codhatim were selected far tha 
nmS. h d -s, th8.raad &16. W- ~ ~ d h g .  
Table 4 afrowe m e  typical reds for m e  soil type. ixlamd3 

~ B ~ L I Y :  e cleem~i mdh~3d ~ ~ F ~ Z D R  

Table 4. SedimentyIefdsfrm the melwoy and the lmvehqy with difch in one yeur for several silt 
loam ma& preicled by WEPP for a North Bend clitnute 

1 Gradient Road Length sediment Yield from Travelway Total Sediment Yield 

The rntdop~ was modeled with three ~ 2 , g m o t u 1 ~  of vegetatian, which were 
m e d  Mu& Somq sad Maw for sjlrqkity. "V&em&n &ract&&s en des~dbd in 
the managemat file a d  iul~1ude a nurob af mu&les srrch as dbmetwt plant height 
a d  spacing, .and riII and i n t d  avler. h mibrtcrrwfuw rqwiidve m+, the road length 
~ f b c e d a t g Q m e t e m ~ ~ s Q i I ~ y r p e ~ f Z l e s l l t l u t ~ ~ ~  ~ o p s g n w d l y h w s t . m p  
slopes, $0 l.he slap Y& 5ae.d at XDO percent and the height was varied at .one, two, and 
tbm~ met-. This made a t a d  uf36 runs: d8dermt road dopes, three cHRmmt 
vegetation weq a d  three d8fkrea.t d o p e  Xr&&t~. 

The! wfl c&tlct&'fstics are &fFwmt fir ach eiai~ent bmwwe of wqmtbn and 
dhurbmm. 5 ahom the mobeld sd pr.op& in the WEPP di file fbr the silt 
lorn wiI. - -- 
Table 5. So53 CAmm'sW ofW&rsliS-iS for ~&&JEW S d  

t 

Element M kr 23 ICandncfhQ 
kg*dm4 s h  r I l m h  

Tmvelm~ 3OOOQD0rJ .OPO6 1 .$ 0.3 
Ungraded Ritch 2000000 -0003 4 I0 
Graded Ditch 3000b0 .SlaO 1.8 19 

e ~ t ~ t ~ p e  zoomaa ,0003 a 10 
Watemy 3 0 W Q  .OQolC; 13 80 



Figme 10 s m m & m  what p&cm OT thesediment socling m m  h m  .the road, 
&amel, and cytdapeI@r fb fmqr petC:efit road $xadi%nt. Regvdless of &dqa 
&ara&erisEieq dm soil loss from Elre wad is the aim& fbr a@yexl r d  @e ad, in this 
m e ,  W Q S ~ ~  Barn thedifoh dominatesr lt b a g q ~  fi.mn*fqjure 16 krosian from the 
cutslope deweases s&&lywith mre:veig&ation~mdkew~pith hd@. '- 

cutsh&eo h6@ dso w&&mor~ channel aoeiondusto greater qmfE Dqwgfcat upon 
soil c h m e r i s b  surd r o q d J d ~ d i e e h e h m a n a g ~ , ~ & e r ~ e s : ~  show 
Mng d r i m  by fie ro& but th g d a l  re1ationship d&&p ~ e t a t h n  md bight 

A - 
ws-n €QWmd c-w 

l e ~ l m m w a p e  nWb 
- . - - - - -. 

Wgme 1% 5#?@P'sprwiI& 9e&m~$dtdf01" m m n t  GUbh#@kZ&@& m8~krtio1 
for a watershed consisting of a 4% silt loam road 6Om long, with a channel and a 
cutslope for one yem in N o h  Bend OR 

A ~ ~ r t m ~ t d  pip cutvat is M y  oBpd to &eft moff 6- an indoped 
mad OD th& watsnas~W~~ where .aater:i@tm$cm and saihmnt deposition occur in a' 
caao&&ated chainel. T'heIVBB? W&tersbeb Persim Mtrdm.af5vd t e s r p 1 ~  that 
simulate imp~dm iddi m I m d e r  troadwqs* but the sensitMtpmalyds 
qprocli M e r l  semd p W h s  wlth the i ~ o d e n t .  r+m. In qrd& m 'bypass 
these pmbh% we chtw w mode1 tb m h z t  as ,a m n d b I e  open &d with a 
mghess a d ~ ~ d i e r t t  War to a ~ p t d  metal pipe mhmt. Tlis podion ofthe 
study iwe~tiggtes  complex h d o n ' o f b w  d inilffdm lx40whvraaif 
@forfin et d lWJ. We awme in this se&maat the porEi~a-ocfthe forst f4u.u~ +ere 
the mff ~~ b farad a qbmxal ft-&aped chamel (33.. 2). 

Tha ~ e , o f t b w a t w & t $  w p~c&mdby%?RPP h:&&~ &~hW~ps and 
channels (&re 1 I). R e d  that since the mad is indoped, themad4iUdope iew and -- 
width wexe d t ~ 6 d  to atxrnt for the $ia,g@d mebd fbw afthe Wter Q%Wd the 
ititch. The i m w  of,* waterway belowthe mtveirt wi quatified by cumpasing 
itlc~mhg Wi&t amoutlts and w*v~hes,.W, gutgobqg sdimem$.rna~m- dwater  
volumas. Thew maymy with mad kqph md +$, M w& qfiw@away I t  
gradient, side-sbpe and ronghness. .fn &s2sa&, wfhve d d o p - d  .sets oFWEPP rigu 
to eaEarnEnevolumm:9nd~amounf's first with waterway lep@ q@ &. ; 

i!~~~ad*m% d 3 m ~ , & n z r s t l  



To iUustrate the &id of watmay length and road length for attaatixtg 
Bsehge, the gradient orthe watermy was fixed at 110 percent and the road gradient at 4 
percent. WateMay' discharge increased as r o d  length inmeages and/or waEem&y length 
decreases. This occurs because the larger rsudkce area of the rmd I d s  to more WOE 
buf a Zanger wateiway results in more inflltratiog or less m o E  

Cutslope-Hillslopco 

+60m waterway 

Ditch-Ckinncls 

Road-Hiltslope 

Figure 12. WDP 'sprdifedwt?fe~?wr~&arges f s ~  diJ'5reftf mad und 
wufemqy Ib~gfbj%r CharIeJlfusr, WK Rwdgradfmt i s  4%" 

'Culverr-Channel 

Wigwe 11. Pl& vim of mmpIet8 w&wsn;Bdsfm&re. - 
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E i p w  13 shows that miid Imgth inci:ease.% seditwfit )yield inCreasas. B e d i n t  
yield is ~ e n d y  fbrprds &iic;h bye I@II~W *8fWwap4 It appem f~oxdmrt 
r d  im@?ws l~njpr wakm~ys grnducs the least .ampat oft&-. As fa&$ fm@h 
haeasy h o r n t ~ ~  rum@ iweases d 5 ~ i i e n l y  to erode the &tire bngth of the 
tiiatetway, and. longer W B I ~ W X V ~ ~  rmlt in more sqlimmt grodydm. 'This concept is 
fijrther Illusbafed in figwrm 14 md 15. 

t 
- 3Fi- 14. Run@afenwatl@~ over w d d m q  ~&$h ruNk &J#t 

- - gf491ifi~~~p4seM~~,@@rrrbhbllgmrd 
Ir fl%-$?q!q+. 

Figure 14 s k o w ~ . ~  u m  efitehg tht watmmy 8s f i e  upper h e  anif w1ume 
leavingthe watmway as fhe lower GUW fbr one roadmt 8ce- w b  the r ~ &  is 6Q m 
Lang at 3 p e r a t  a d  the waterway is of varykg ken@ with a gradient nf.8 pmxtlt. l%s 
5 p h  s u ~ s t s h t  160 m are d e d  to infiltrate the runoff h m  the f08d and d o p e  
section. 

Pigt?re 15. &&me&$ FgldJw vrsying waterwq JengJh with 8% 
gmtfi~trt for one pw im U;ebJorrd, OBfor a dlkn.lrmg mad 

The @kct ofwaterway Iength pn sedhmt yield s h m  a diflkrmt hitid trend than 
the nmoff dischargq. ~i&e 15 &OW$ tbt erosbm ~ c ~ w s  iu the waterway channel ftu a. 
distance of &bout 80 meter8 before deposition begins to o m .  19 r8gr'wion.ardysis 
membis a second o&r eq~tion with the y-intercept as the hcotnin~ sediment for this 



trend. Thig graph h s ' m a t e t ~ ~  f@r this scenah, a; rw&tmway length of at least LZCO 
meters is 13:sded.ber~m a 60 mkr road h @ h  ad a stream &m.d ifno mad sediment 
is ta sntw tk sbeeun &r tiis G ~ ~ E B ;  and mil. The peaka of the '$ha$ with ohmqrc:~ 
in road sqgnent 1- gradids mil type,, a d  dim#% 

I?i@weei 13 gtkrd 15 both S& b t  a &art m e m y  is better for a011ml1iq 
s ~ ~ @ ~ Q ~  & l&WW@ &f "&w* k@h hi SOlllf3 0 of 
t%&ea&lenpJrh iis pdkrd in d.w.m. Fqr the d o  dqided-in figwe 1 q s&irn& 
.d.&iay & Wted by tb length ~fthe W m y  BOm is reached. Beyond ItQm, 
M i t  d@~@y ia t m ~ p ~ r k - w  ia tbt the dthe moflf b o  low (@.. 14) to 
mm sn o r t b  s a r m a a a p d d y  w o w .  

The d a t i d p s  betwema w&erwq"3wh d sechned yield wexediffment @em 
&use presental by Mmb prt al. [1'9S1,, who d@d ebe ftm d ~ m t r w n  @om fie road 
.a 4Iis.p- flaw atzrer than crhand 0m. iWgd' tb& [$u'&d R m  modd xa mdy 
the impad of the c m s a n  acssioa a d  iwdmenf delivery Born ruixh, TX-e WEPP 
w t m y  ~IwtnaI b .a  dimx€e &ie.sl* @.$ thpr t-hmf31 fim pa€%- is dWxfFer- fim 
;tha diopmed flow wm pmr@ by Mo& a.d. [19963 in the MlIsIop m a d l  (fi& 21. 

0 a0 40 m so loo 122 1 0  160 180 m 
. Distance Down Waterway (m) 

60 80 100 120 140 160 180 2OQ 

Distancx! Down W t m m y  (m) 



How~va, bmau5e the waterway is a charnel in figure 14, s longer waterway is  needed to 
infiltrate the nmak Fropxehes of flaw in et triagular &amid me diibent @om 
propertit& of oqdand flow, c a u 6 i  this &=qmq. Rgt,~res 14 and 16b show that both 
€ypw d~vatmvm iniWy. mode snd then begin to @At d h e n t  some distance dawii 
th dope, The cham- w-'&y erodes the, s1qe fOr a h n p  &g.@ce hdbte 
Gepnsiting wide the &perm6 &w Mslupe bq&s depositiim sooner, thusmakiqg the 
&st&m tb&&werded y@i~hlImt. '1:b.e~dqmitbn &Pes are f.rop~&~& f& the 
volume of.mE.ia be& m1 W m s  aml )of ig@v& d c h p  mi& 
difbmt climbs, md~tap.ogmphies, a d  903 chw*. 

Tb wmwe,fhe effw ofd'rffig watermay gdiqqts, i l ~ e . ~ e r v z t y  I'!&gth wars 
fked at fhrm ~W&S k &emordd ,and &:grd& wari&&~-wr,o-ta s f i ~  percent. 'The 
r d k  o f W  ~ ~ $ i j $ l d s n d .  db&arge vohmre showed the gradient ofthe 
~ ~ a y  itpc~ea@d, n~Q@and wo.&dnbXh ~ c T . -  but th.%?bm wxw fdatively 
mall. Tabk 6 ~ ~ & & ~ ~ ~ ~ w a t e m y : g f ~ e r i t  af %~~ @aid &od 4 wbic 
metm per year lass ww vo~rne~&an r gradient offiO pi&znt+ 1t &D shows ,&at the B 
pacent gdimf will @& 0.3 tqmm rrfsedinam pesy@&bsfhgn tlie 60 ~61:- 
gradient. TBess sns;r;U o k g a  i n d i c a @ ~ ~ ~ @  @blr wdhcmt yield a r ~  seadive 
to the mtmay gadient in W P .  

Table 6. B-Q-&&WW:W*@R- w & t z w ~ - ~ ~  Rakwqp Cen@h is 3m 
while road is 6Qm brtg r ~ t  3% fn&&#wd, one 9m. 

Watemmy Gradient 2% 8% -30% 60% 
Discharge Entering Waterway 89.2. - 8S.2 89.2 $9.2 
(mA3/yeaf) 
Discharge M t h g  W a t e ~ ~ a y  78.4 78,Q 82.2 82.8 
{mA3/year") 
Sediment EnterbglWatem &@ 0;'O 0:3 0.3 
(tonnedyeat) 
Sediment Exiting Wtei'way 0.3 0.3 0.4 OA 
(mnedyear) - . . 

La&y9 ~&mpi~&m- reughes were egambed to d e t h e  the G&s of 
h e l  ru* axt dhhqge a d  txdhnent yield. WEPP talcdates rpqgbem &k$ti 
km a .bare I&WI&&B a azld a tad Bhmbg's n. In tiis dysisC waterw+y length was 
fwd at I00 m.,jW 8 bawnf aad fim d i e n t  hre n's wem chosen. The road wm fixed 
at 60 m md 3 p.mmt, wh% t h ~  t~td n wtid frLm 0.U5 to 0.70. The high Miming's n 
values rrre more umimon fbr rbe '&abw Bows fd in tbse ep- watmys- A 
value of0,05 i8 reprtmntatba of mame; v e M o n  or a stony cham1 and a value af 0-70 
wauld be r g , = w ~ e  &a channel W b  kge b~dders. Fwre I7 shows tbat as bare .- 
r~u@ew iaExwes3 &wt yidd incrmws groprwrtiody. m e ~  in id rm caused 
little v&tiian in dtment yieki-and curves I ~ k d  &&E to t h ~  ane sbm. The: anaEysis 
~ha~d ch=gee 3n l ~ s x ~ f f  f i  ~ h i ~ ~ a  irr d t h ~  ~OU@~SS. Tt W@ the fop V ~ V  
sbaa waterwapls:* &an& r o u g h  causes uqmd&bIe m d a b  i n e n t  yield and 
nmoff dish-,, % . C 



MaM.rg~'s Bare n 

Discussion 
The road portion afthis study pointzi to toad iength road gradient and sol type as 

tb driving fbtors in erosion. Erosion &om the cutslap & m a  is reMvely mdI 
compared to &it h m  the road dement, DRpending an the mil and management 
ehmaeri&cs ofthe ditch, erosion: ilom the ditch m y  or may no: be of si@ficancl?;. 

The waterway studY d e m u ~ a t s  &at the most signi~mt &&Ie drming ems'mn 
on a watet-wq is dorn8lQpe wzlterway length and to a lesser exlent, b a ~  roughness. The; 
merit and density of vegetatioa are hpnrtatr4 as well as the h p h d i c  ~ondtleiivity. 
Factors such as waterway gradient, ~ b m ~ e l  sideslope, md total rau*ss are of 
ne&iP;ibk impartmice when modeling 4th WEPP. The prwltce and orientation of 
o M & o m  d&es where ad how meh  sediment is depoaitai in themitmay, weU. 
Also important B how the road prism watershed is modeled, as dmo-ed in"& 
c6mparim b m e n  k hillslope waterway and o h 1  matemy. It is u n c o ~ n . m d  is 
not a rminmended practice for culverts outlets to Q s ~ g c  dhdi into a &md 
PfaterWy. There is a nqpd to develop a watershed made1 that mincoqwrates overiand flow 
below cbnaaefs to be able to mdd the more camon Wslope waterway. 

The 1-e ntiobbjlizy in sediment: yieki patterns showi tlte high complexity of' 
mode fin^ a madcut mtcrshad scenario. Even with a model such as WEIPP, it is diBcu1t 
to srcwunt fur JI the variab~e~. and their bundary canditiom, bui WEPP dews m y  af 
the~e type d d l e s t o  be accounted for~hat psrt stdie b e  %qed" htn 'W0rsv3 
in simpler madets. For eampIe, we found soil mdibjll'ty t6be an important parame* 
when validatingfield mrtsurements. Without kn~wlaiga of mil erodibility- and .- 
mduUfvif~, WlPP nrns can be us& fm comparisc3n relative ti other W P  scenarios 
in est&Iishia$ trends, bwt m y  not approach vaIues that one m y  observe in field. 

Conclusions *, 

We Bevetopad a ~t of insloped mad s r : d o  tcmp1at~s MEh different 
topographies, soils, and znamgemmt prmtiw's. Them -b;es.m bp modf id  fir site 
specific roadcut s a w s  in rt'Eikep1t oiimdes fur pmdoal i q p l i h n  by finest engineers 



and managers. A 'validation study ~efiec~ed that WWP's predidans wem reasmiable 
appraximakns fur the ~edknent yields at our plots and th6 ditch tr&ment made 
mb&mtid incrms in &B ~e&mmt Jridd This yield &so padm Mth tRpgirt~&+~ 
t y p ~ ~  and climate. WEPP did not appm t~ predict sediment pbme fbmittiafi b 
watmvays. It appear$ that Pasof$ @dh a~ ~Er-cFiom afl-d cbanneh0n are cpiiid ifl 

furmation, and modding t h ~ e  feabreg requires ffirthrtkestigatim- A sensitivity 
analysis was pdmd d tb qpSi~g;bI&y of ternflates was test4 ushg the 5dd 
palidation The mast i m p o m  vda%rles in terms & f d k m t  p r o W ~ i t  are*, k order: 

* Raad segment length 
Rt!wIslope 

* D i @ q m @ d i s  
* WELEerway p m p e d ~  

Tho GU~&~QP& t~pgaphy r n ~ a  had IrminiiP6i5' &a On f.htt fi8;l;cS ~f tErp :  
road scet~ariu. 

Wha wd wwwtly, the WEPPW-;~SBM Ma&$ mh~usdial ia p&&g 
fttnoffand ~diment $etd&for insraped fopst pws. WEPP~BI xemunt for su& 
t7aiiathnrt rts: toDpgraphyI, mi1 pr'ap&sJ ~ ~ ~ & - ~  and dmt8Zg all ofwhich 
cau%e s u b ~ n d d  di%mna. i t .he  E m  madl w&siadl.pmxm+ B i w ~  W P P  h 
m s i h  3gvd.input v ~ W Z  Xis hg&%~& to W% sitc d&&k deWs for 
cu~yaparitmn os dib& kpd Zhe dhtere&.. 
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Proceedings of Symposium Spa- by Cummittee on Watersbed M a n a ~ n ~ g a t i o n  
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