
---

JULY 

WATERSHED RESTORATION MANAGEMENT 
PHYSICAL, CHEMICAL, AND BIOLOGICAL CONSIDERATIONS 

AMERICAN WATER RESOURCES AssocIATION 

COMPUTER-AIDED RISK ANALYSIS IN ROAD DECOMMISSIONING 

W. J. Elliot, R. B. Foltz, C.H. Luce, and T. E. Kolerl 

1996 

ABSTRACT: In many National Forests, much watershed restoration work 
involves road removal. Most National Forests have more roads than can be 
maintained with decreased budgets limiting the amount of roads that can be 
removed in any given year. Setting priorities for road closure based on the 
impacts and risks involved in closing, removing, or discontinuing 
maintenance has become a major challenge for forest managers. Stability and 
erosion risks are associated with unmaintained roads, and the same risks are 
associated with various removal·-strategies, such as culvert removal, surface 
ripping, out sloping, and recontouring. Preliminary studies show that 
effectiveness of ripping depends on soil texture. culvert failure can lead 
to road fill instability and failure of catastrophic proportions. The WEPP 
model may be a useful tool for evaluating road-closure options to minimize 
off-site sedimentation. Recontouring the surface without considering 
long-term subsurface flow impacts may'greatly decrease slope stability, but 
well-engineered recontouring will minimize stability risk as well as 
erosion. 

KEY TERMS: Forest, road, closure, hydrologic modeling, surface ripping 

INTRODUCTION 

In a forest, infiltration rates are-high, and runoff and erosion are 
low compared to agricultural or rangeland ecosystems. In such a 
hydrologically stable envir-onment, a small percentage of roads in a 
watershed can significantly alter the hydrologic response and sediment 
yield. In a recent study in the Western Cascades in Oregon, Wemple (1994) 
found that roads can have a significant effect of the surface hydrologic 
response of small watersheds. Swift (1988) attributed the entire sediment 
yield from a forest watershed to new road construction. 

Road closure is an increasingly common practice to achieve a variety of 
management goals, including improvement of aquatic and terrestrial 
ecosystems and reduction of casual human impacts on forest environments. 
Road closure options include stopping maintenance and regular use, closing a 
gate, excavating a trench across the road to stop access, removing culverts, 
partially recontouring the road by excavating to form a significant 
outslope, and at the most extreme, attempting to return the hillside to its 
original contour by completely recontouring the road prism. As with road 
construction, however, there are major engineering considerations that must 
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be considered for any practice requiring ma:ior earthworks under steep and 
marginally stable conditions. 

HYDROLOGIC CONSIDERATIONS 

Roadt11 can have major adverse impacts on both s.urfao-e :and au~s.urfaQ,e 
hy&ol~. The con.$:truc::tiin and us:e of a r·oa4 sevel!e.ly dis,t~rbs hoth the 
sitt'fao,& · an.d sctwsu-rf~ee 1lr¢~.l., increas.ing runoff tate:S.t redUcing subsurfaee 
fl.ows~ and .alter,ing shallow .g;to@d w~fter ~llil:>rtunt. Unfo,rt-anately.,. 
in-formation needed to -'tH'lde~;s;t:a$ :r::o-a~ piri.sm &f£~t$; $1 sur:fec:·e and 
subS\11:f~ee h'V4)l'Qil~ is limited:. 

Watershed Effects of a Road Network 

An obe~rva.tiQP-al tttuey- c,ondu.ct~ in the western cascaa·ea of Oregon 
iuwested tha,t ro• functi® hy~ol.e1ically eo m~fy ,streaniflow g:~.t".~it.i.on, 
ili f·or~sted wate:aheQis .by a.lterl..ng the spatial C,iftri:bution of surface aoo 
subwrf~ce flow paths. lil~arly, ,o percent of the roaci. ~tw.orl<. in the studY 
drains to ~treams and -~lltes and is, therefore., hydr-ol,ogiqally integrated 
with the· stream ne,twork... Field ,ohservations suggest that road$.ide ditches 
and gullies fun.ct:i:on. -as e:ffective su:rface flow pa.ths that sul)stan.ti.ally 
;i.ncraa.se drainage d~i'ty d,ufing s,tGrm. ev-e-nts. Thu.a, roads may alter basin 
hyc¢t9:g:cephs .by e,ctendip;g tlle ~~ce . flow network. . Since the . volume of 
l::t11lof:f J.rom toads and its speed of ®livery to the 'tia~in o~;tlet (which were 
ncit ·meas1,1red. in t:he' :study~ vary ,~c¢0r<lins· .to road design., road hillslcwe 
p~sitio.r1:, ;r~ti age... sea.sonal &oil s~turation., geologic s\lbs,trate, and 
climate. these ta.ctQ.rs may eKl)lain the contlic-t:ing; results from pair-ed­
wa:tershed studies· o.f :eoa.cl ef-fe.c:t.s .•.. Result~ t;tf thi.s study sugg~st that 
r:-e:moving rooacds, fr0m the drainage network may be an effective fir:s·t step 
toward wa:t«!r$hed r-estoratien 1~le, 19'9'4'} • 

Road Surface Hydrology 

libtietirt9" r-eads have· severa-1 major impacts on sl:lrfa.ce hydrology (W~le, 
1994}. Infi.ltra.tion rates of roads are much lower thcul fc,r.ests (4 versu.s 8~ 
or mor-e mm/hrJ Ctuce~ 1996.) , hellee, the sutfa·ce area o;f a wat~ahed in roads 
may be the· maj,or, @d in some 'O.ases may .be the direct contribute>r to s,urfaee 
.tunoff from, .stOit'i\$' ,or sn¢wmelt. When a road i.s planned, lJtructti:res 1.ike 
culv:ert.:s, ditches, ~ watetbax--s are des]:'gned t.o handle this: ~rfac:e fl.ow 
with min.i~l .impact t~ th$ rQa.d, and in r•e¢ent years,, t.o the, fores-t 
envirenment .. 

One ce>ncern with clo:sures is that after a road is clO'$ed., the road 
drainage sy.stsm ean. no lon~er be. maintained and may fail., leading to 
significMt su_lly eros,ion p. :rob. lam.·s a,s······· W: .. ater i:s e.onQ',entrated b¥ r0ad irisms 
o-r ba,ck-ed up by plugged culvert:$: . In ot.her eases, accumulat·ed runo,ff c;,an 
saturate seg!tJente 9f a road1 letrdin,g t~ road-fill fail'i;l:Jje !:md.. debris flow1, 
that can add th0\.1$att$ of tWlnes of $~i,tn.Sl1.t to streams. oare:ftil planning 
art:t,i desi,gn of diSUE:led Q:t •~:Lo.om-used road $YtitGl!I are neoess€ll:'Y to J;)revent 
suc:h catastrophic problEmUS. 

Many. hydralogists have recC>Qnized. the problems Q:f eJtee~s. surface ~ff 
caused by naa:r.-ly ijnperv:i.ous :road: surfa:ees, leading t<) the Pt-acti.oes o•f road 
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riP;p:inv and s,abso:i.H,n.g c:e break up .funperrma-ahle layer$ • tnf~rm~t ien £r'Q'm, 
w:e.rk dene ;on aQ'deul~µ-nl .lam.de,, w.he!l!'e ·soils ,are fX"e(;{Uently t.;i.11ed.., •·s:U~sts 
cta:t--:ti~ini ~ :s~'$,".0il.ing :m-q;y, n◊t; .. ~c:r~i:$•$ :qr;qre.µUc. o:~np,'ilcetJ. vi.tie$ ~e 
mucll •~.is, so®!! t-lC:U.l(i hope., $;"71~·~1.iJ;l..(:. ¢'l)P:ctuqt;.ivith!$ oti f:re$'.qly p,low:eli 
agri.ci'Ult;u.ral ~s ar~ ~irene•r;irl.iy b1 th$ :rangce Gr 4, t.~ i:Q . .rom.,l}u;; n~t:i'!t,f& 
s,urfa~ed :r;-aa-ss ar.,e in the r:anJ• of O . .1 :t-o 4 mm./ln:r,; ami h.a:r;e fe:reSct soi.ls 
lwi',t]l.t~ut ;(!~ff l a,)?!e, ui taa r•ge, sf 5:1' ba, 1(10 mil:Ja;r •. tt ,seems: ~likely that 
eiVoen .. s;0b$!d;1lioo• <in roao.,$,: wo'U:l!ii r·e!atQte. ·. · , taulic .:c.o,n'dut.tiv:±tle,1 t:0 tflle, 
ie.·.w·;····:•.1e .o .. •.f ·n.a!l. Sf" r. 15."e .. ··i.11. f .. · ... .n.r~. :S't 1. a.·,-,:;.i·.· .. :""'.-ffi .... tt be.·d:a•.s.··:e :r.· •~.·.· .. t1. mat .. '.;,;;. :r.i :r.·•,s ·"""'.·.•·.a .. • . . . . . ,.. . µ .. . .. . 1-,U . . . '" . ""! ..... • . • . .. M¥-, .!i" . .. "" . .. . . :Q. ... . .. __ . . . . . . ,., ... aJ. . . '"""" ~ 
•CQmP~~t-~~. l~ok ~r,Q.niC m~t:t.er ~Ilg" l:lJLQtQ'g{ ,_oa ~-ti~t:Y' ~V'1): r,iO. ~£({~a, &utf 
layer., amd are ma:inly ,misneie'al ;s-oils t:-kat. are 'SUO$eit bo sarf-aes. sealing. 
Aneed.ot.a.1, o:l)ae:ll"'!a:otions Qf rt:oad .:id.Lppia,g $ll~&s:t. that: it .redl.lee& runoff and 
,ero,s:ie,n_,. b,U:t the :reaS:Ol'.t ~Y ·:oe mor-e 011e. t:li> in~r.·ease4 r,0ti.g:mnea:s: than to 
inerea,;aed. ~dra"11i~ f$ndue;tlwtcy,. rn. 'on'e . at:ttd;v,, • . found that r-i,ppint- bad 
J.i.ttle, e'ffe~t ber'ond incneas.:iing .surta~ r().ughn:as•& on twe different .s()fl-s.. A 
hig:h silt smil ts:ded t.o·• f<i>:rm ,a surface. seal ,~ring the f,farst· 3!'ai,a£a-ll e¥ea.t 
f-c:ilowing r·ipping~. reducin:g. c:he iD£.ilt1tii~t:o.~, ~Q netr· tb.t ,:ra·te ''.be£0..Jte 
ri~i~g. A §.it'tut<®d. gt;,;1ti:itic $OlJ. t;,¢1.iati,~d. ,c:b1t±n; ~he fi.~s.t rainfall 
e,,~ ,ft::~ tillage;. l,;e~p.:gc to :hycir,aulis¢ cmd.\leticv:Ltie.s 1%le1newhat ~ro~d 
h.u:e .itfil ~1 b~iow· tbime-,Qf ~.-i.tvi~tt: :e~ies:tis· {tu¢••t.-1,,,t ~ . .. - . . .. 

In searching for low-cost methods to route excess surface runoff, there 
are many questions relating to ditches, cross drains, and culvert removal. 
In areas of concentrated flow, the potential to create gullies is great on 
some soils. Some abandoned roads, where there was no design in the closure 
plan, have large gullies in the ditches, through the fill slopes, and in 
previous culvert sites. Frequently, no maintenance can be done on these 
structures, so road closure design must address proper approaches to self­
maintaining designs. This requires finding appropriate channel shaping for 
culvert removals to minimize erosion of the banks as well as appropriate 
ditch-relief cross drainage and backup to minimize erosion in ditches. 

Ground Water Hydrology 

In most .steep forests, a major amo.unt of the water flowing from that 
forest moves downslope through the soil until it intersects an incised 
channel (Luce, 1995). Roads may intersect or block such f10w paths through 
excavation and compaction. Spring lines at the base of road-cut embankments 
are symptomatic of such flow disruption. This subsurface flow is then 
available to cause instability, to cause direct surface erosion, or to 
increase erosion when a storm or snowmelt event does occur, because the 
soils in the vicinity of the seep area will be saturated, weak, easily 
detached, and will have low to no infiltration, leading to greater local 
runoff and erosion. 

SEDIMENTATION CONSIDERATIONS 

one, of •the most. :frequ~nt j;us:tifi·caitions .:for road closure is to. d~rease 
sedimentation fr,om t.he wate:rshed. sedimenbatio,r:i may be due to eras.ion ,o:f 
the road ,surfa'Q'.e ®;:ir ditch.. La'I!g-e "Ql,lanti~ie's of sediment .may· also. :rea.¢h 
s.treams fr9Ill mass failures. 
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Natural Declines in Erosion 

The single largest source of sediment in most forests is roads. 
Construction-generated sediment or traffic-induced sediment can be hi,,,h 
(Swift, 1988 and Bilby et al., 1989). Traffic has been attribuc.ed as the 

major cause of sediment from a road after it has been built (Bilby et al., 
1989) . In the absence of traffic, however, these high rates decrease 
dramatically. This decrease occurs at several time scales. On an annual 
scale, Megahan (1974) found that one year following road construction and 
logging, sediment yields had decreased from over 193 tons/k.m2/yr to 7.7 
tons/km2/yr on Idaho Batholith granitic parent material. This study was the 
basis for Forest Service regional guidelines as well as individual forest 
erosion models (for example, NEZSED, BOISED and WATSED). 

On the time scale of an individual rainstorm, Burroughs and King (1989) 
reported that in "border-zone" gneiss and schist in northern Idaho sediment 
concentrations in runoff from simulated rainfall decreased from 13 g/1 
runoff to 3 g/1 runoff after 230 mm of rainfall. On the time scale 
immediately following the passage of a truck, Reid and Dunne (1984) found 
sediment concentrations of 30 g/1 immediately following truck passage fell 
to the pre-traffic concentration of 4 g/1 20 minutes after truck passage. 
As demonstrated by these studies, sediment yield from a road without traffic 
quickly decreases. This decrease is commonly referred to as armoring of the 
road surface, although sediment supply problems may be as much of a factor 
(Foltz, 1993). Individuals contemplating_road abandonment should consider 
if the reduced sediment yields without traffic are sufficiently low to 
protect forest resources. Additionally, comparison needs to be made between 
the increase in sedimentation due to the road abandonment activities and the 
existing sedimentation rates. 

If a watershed has a history of disturbance sedimentation, the closing 
or removing of roads may have minimal impact on sediment leaving the 
watershed for many years. Frequently, sediment that eroded from disturbed 
upland areas, like roads, may be deposited in the lower gradient streams 
draining the watershed. A reduction in upland erosion may simply mean that 
the stream draining the watershed is now able to transport some of the 
excess sediment that has been deposited in the channel in past years (Swift, 
1988) . If downstream sediment is a concern, then analysis of the main 
streams draining the watershed is recommended to determine the amount of 
sediment available in valley flood plains. · 

STABILITY CONSIDERATIONS 

:en o:isused :roa-d,s~ eulv:..erts may fail due. tc plockage o.r deteriore.cic;m. 
!f a fai.,led cv.lvett w.a<S int.;!!mded to ·cGtr;ry water t.hrott:gh a la,11.ge embankment:, 
d:Fain failure, C.?m lead t9 water ~:ski~-- up· and ,satutat'U;\g• tne emb'a~en.t. 
Qnp,e ·il1J la.:i:r-~re emb{ulkm$t+t 1,$; $~~teed_, it is far l~:e st:,a:b.1'$ than it was. in 
the d:;::ained con4iti~n; rii!s1Jlt::i.M 5J.): m'ais.-. fail~e fElli.•ot et al. , 1~:9,ui} ~ 
~s-ne~~lly., enlbanl¢men.ts .are ~~;i.g~ec::l. w;i.J.:.'b $:+$P~ that a;re El-table w'.l:i.$~ 
drained., b\.tt :sat:u:oated mad l!)riSfflS ,mqlV,' •~ _ V#$t:abl:'.~:L. 

lf a nHld i':s, totally :re.Cc©ill,Ee-urea:. t~ iSti:b$.;Q:il c~.mpaet&on due 'bO 
son$true't:iion: ancl' rs-$mo~ act:ivit.ies ,mar still -~ ,p-r,esent. · In ,co:ndiition.s 
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with water tables near the surface, this may lead to localized seeps that 
may be the source of a landslide, or leac to gully formation. 

Closure Impacts on Ground ',~ater 

Designs for road closure may ignore how ground water flow is influenced 
by these activities. Logging roads built over the last 50 years have had 
one common denominator in the design criteria: to collect and route water so 
that no water is stored in the road subgrade. Over the last 30 years, a 
corollary to this design criterion developed: road subgrades with low­
bearing capacities are reinforced using geotextiles or other support 
materials. In most cases, where subgrade materials have low-bearing 
capacities, they are in a saturated state before road construction occurs. 
Therefore, all logging roads are designed and constructed so that surface 
and subsurface water is quickly removed from the road prism. Today, as many 
miles of roads are closed, the closure procedure frequently results in the 
increase of surface and subsurface flow from culvert removal, road surface 
ripping, and subgrade disturbance (subsoiling). 

In some road closure designs, the road prism is obliterated by 
importing materials so that the slope is recontoured to a shape similar to 
what was present before the road was constructed. In these cases, the 
imported materials do not have the same hydraulic conductivities and shear 
strength values as the original slope soils. When this occurs, these 
recontoured slopes have the potential of storing more water than the 
undisturbed slopes and have a higher probability of slope movement after 
closure construction. If proposed road closure designs do not include 
subsurface evaluations (materials and geometry), there is an increased risk 
that the desired outcome (for example, reduced sediment transport} will not 
occur and, in fact, the opposite may result. 

PREDICTION TOOLS 

We have :been involved in th¢ devel~t of two phy$'.ic~1ly based models 
bo help as:sess the site-speci.fic impact of road clesure ·---tne, water- Erosion 
Pfedicii-on Project (WEPP} model ·(Flana~an and Livci.ngst-on~ 1995.) 9Uld tlie 
$+ope st@ilicy mc>d~l xscrABL (Sharma,· t9,4>. Figµre l $~QW$ ij. $tef;!p 
hillslQPe that has a road segment that ii £orf3s,t m~~ger m~y W'i$4 t:o. elos.e. 
The $teepness is assumed to be 60 percelllt:1• ~o t:~~ length Gf the hillslepe 
1-00 m. The road is a sel-f-bal,anced de-s:ign with a e.ut"""and-,.~ill c:ompaeted to 
a desired density. It is constructed wi.th a 6-pereent grade, a S m widtlL 
and :a flat surf~te. .A typical vertical spacing fm- waterbars· o,f .2. s m wa$ 
aas.'umeg:t leading to i:\ 42 m length of road between waterbars. l'.t wa$ a-s;$\Irtl$d 
that there wa's JO m between the road and a s•treant. The dei:>tli t;,f th$ fo:t~cst 
s-oil was L ?, rtt. 

Surface Erosion 

sediment production from existing roads can be predicted with the WEPP 
model. we developed input files describing typical road geometries. Users 
can readily adopt these files for site-specific application, including local 
topography, climate and soil properties. The WEPP model allows users to 
determine the amount of erosion on the road surface and to estimate the 
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Figure L se.ct:.ion of Hill slope with: ~o percent. s:lotre aJ wt th 
Urtdistur"l'~ed; iorest; ~:) Wit,h a Ro:a-d; anl;i ¢ )· Foll.owing 
R$contour±ng: of.theRQad. .. 

lengths of sedim~t plum~s g~eJ:-ated cy tlO'int scn.1:tce,s such as waterbars or 
culverts;. For tbj,.g e)(artIP•le.,. we gan~t:$d ea cli~t:e fo:r St- M~'rles, :ro,. With 
•the climate generator provided with the WEPP• model. The average iUlnual 
rainfall was 757 lmtl. An initial run was made without the road' in the 
hillsloper ass'Umin.g the :sU}·pe w~s eomp;lete'.ly cover:ed with forest (Figure 
la}. The: model predicted .an av~rage annual runo££ •.o,£ 4 .. 7 •l,tlltl 6f rv.noff and 
an average· annual sediment yield of 70 kg front the hillslope. When a road 
wa$, added .(figure ·lb},. the fl◊W J)aths cban1ed1 ~d. a 5 Ill -widEt flow path was 
mod'eled,, following first the: road for 42 m, then the fill.slep.e. for 4 m, ;and 
finally the forest for 30 m (Elliot et al.,. 1994a}. The runoff from this 
flow path was 5.2 mm, and the ,sediment yield from the .hillslope was· 18:7 k.g, 
a S111Pst:antial in.er.ease camp:ijlreo. ,to the undisturbed forest 'in s-pite of a: 30, m. 
buffer st~ip between the road and the .bottom of the hill.. 

Sedimentatien From Abandoned Roads 

AbandonaQ: roads slowly revert tp. the veg,e:tatiQn nati.ve. to ~e- r-egi;qp;. 
The time reqµired. for such.r~Viegetation.dep;ends on many aite and vegetative 
factors. 'lfu:e WEPl? mo<del enables usBTs to describe the .anticipated rate .of 
veg.etatlon regeneration and surfaee residua .accumulation, and then predicts 
runoff and er.oosion rate:s that . include· the vegetation e:ff.eets.. Changes in 
soil :prope.rtie$ .qu:e t¢ w~·t.ting and dryiµg, freezing: and thawing,. and 
a11ttor±,µg tnq;Y, r¢qU.:i.rfl: additior@l ~lysis· with the model; ~leering the· soil 
conditions manually, .for each ycear following clo·sur~ to r~fl~ct;: the obse"rved 
conditi,ons. . For our :~am.!)le~ the: s·oil prqperti.es werce ass~ed to x,~in 
unchanged, but 'the road was allowed to. revegetate rath.oer than have an annual 
maiJ1tenanc·e qpEtratiPn.. The resulting; p:r.edicted :runoff was s.;6 mm, and the 
'$$di:rne:t',!J:;. yi$1d :or~ppep. aoout . 2 O' p,er.cent: to 15.0 kg. Tne:reeiising the road 
cond,µc,etvi~y a;~d, sur.£~ce ~p11,ght1.es:s ta mod.el t:iooing ,affeot:.s decrea$ed the 
runo:ff to 5. 0 mm, ,and the erosion t9 95 ~9". With. a+m<:>ring eff~cts, ail ,~<::1::1,1a;L 
,sediment yield would li~ely be even lower after several runo.f;E e~rtt.s. If 
an out,sloping abandoned road is modeled, total runoff is le·ss r but :rxredicte<i 
$edilnent yi.eldS :Item.a.in high. due to ~.ediment from the ,eroding fillslope being 
tr:@$1':fOrt:ed to ·tJ1e cf:Ogt: c:if ·.t.lle h;i..J.1. We mooelied the fillsl,owe as .S~Yarsely 
V$get~ted. Fillsl91>e et:0$.ion, .hqwev-~:r;-, ¢~ ~. mitigateQ. by numerous: methods 
descri})eg by Bu:rro-ug.hs .gJ!.~· .. :l{in.g; {l~eg} ~n(i,., . (le.Jjep;ding. ◊n. t.he age•., .. the 
eonselidatien., .and the, :rtev~ta(tion,r· e·ro8'iott, 'tat~:S tnay- PE! ;ttil);c,lt l.9W$:t' t:;h&rt 
P'lt'edicted. !lipping t.he mutsT~1µed 'road .. a:f¥Pe&1tedi to have iittle ,eff~'¢t on 
timof'.e or ~edi:ro.~t y:i,,~l.P in, tlu~f J:t:~s:ce ~ · ··· · · · 
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T.able 1. Summary of Results of WEPP Runs for a 100 m Long Slope with 60-
percent steepness, Before Road Construction, with a Bladed Road, 
a Disused Road, and a Recontoured Road Prism. 

Condition 

Forest 

Bladed road 30 m from bottom 

Revegetating insloping road 

Revegetating 

Recontoured 
road prism, 

With· ripping 

outsloping road 
With ripping 

with -SO-percent 
With 100-percent 

c·over 
Cover 

5-Year Annual Average 
Runoff Sediment 

mm Yield, kg 

4.7 

5.2 

5.6 
5.0 

4.7 
4.7 

12.2 
11.3 

70 

187 

151 
95 

193 
192 

338 
172 

Sedimentation From Obliterated Roads 

Once a road is obliterated, it may or may not cease to generate 
sediment. In our example, we modeled the hillslope after recontouring as 
three elements: forest, revegetating recontoured road with 50-percent 
surface residue cover, and more forest. The model predicted 12 mm of runoff 
and a sediment yield of 33.8 kg. The recontoured sediment yield dropped to 
172 ·kg if the surface was 100 perc:ent residue covered. These predictions 
show the importance of including erosion mitigation measures as part of any 
recontouring plan. 

Table 1 summarizes the results of all the WEPP scenarios. The WEPP 
model allows users to alter as many of the topographic, soil, and vegetation 
parameter values as needed to describe a specific site. The accuracy of the 
predicted values are unlikely to be closer than within about 30 percent of 
true values, and most of the differences in the table would be difficult to 
discern in field measurements. There were very few events during the 5-year 
simulation when erosion occurred. A detailed analysis of the output data 
shows that two-thirds of the erosion was caused by two storms during the 5-
year period, and the other third from six addition.al storms. Running the 
same set of scenarios with a different climate would likely give different 
absolute values for runoff and erosion, although the relative values between 
treatments would not change much. In practice, a user may wish to generate 
several sets of climate data typical of the area, and compare the results 
from several runs to better understand the sedimentation risks associated 
with road closure. 

Roads a.djacent to streams may cause major sedimentation immediately 
after Closure, and careful planning will be necessary to minimize any 
closure impacts. The example demonstrates that for a road adjacent to a 
stream, the WEPP model can help planners determine whether it is better to 
have a disused road prism inslopirtg, outsloping, or recontoured. Generally, 
on lower gradients (under 2 percent), .insloping roads with inside ditches 
leading to open waterbar$ will generate a minimum amount of sediment because 
sediment eroded from the old surface will deposit in the ditch. It is 
generally better to outslope roads with moderate gradients. (2 to 4 percent}, 
to prevent any runoff concentration and subsequent ditch erosion. On 
steeper roads {over about 5 percent)., runoff tends to follow the road 
surface rather than any inslope or outslope. Under thes,e steep conditions, 
frequent waterba_rs or recontouring may be necessary to eliminate flow down 
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the road. Another option may ·be to consider partial recontouring by 
outsloping the road by 10:1 or more to ensure there is little ::low 
accumulation along the road surface. Until the surface is covered with 
litter, an outsloped road may be a source of sediment from raindrop splash 
erosion for an adjacent waterway if the buffer area is narrow or steep. The 
application of straw or slash is beneficial in minimizing erosion in such 
conditions. 

SLOPE STABILITY ANALYSES 

XSTABL, a general slope stability analysis model can determine the 
stability of a given road. It not only calculates stability by the method 
of slices, but also allows the user to vary the location of the water table 
within the grade to consider saturation effects on slope stability (Sharma, 
1994; Elliot et al., 1994b). 

In some situations, road engineering to stabilize recontoured logging 
roads may require careful design considerations similar to the designs for 
new or reconstructed roads. Currently, many roadways are being recontoured 
to a preconstruction slope with little regard to soil strength properties, 
subsurface geometries, and ground water. A common misunderstanding is that 
placing materials within the road prism to shape a "natural" slope, without 
completing a geotechnical engineering analysis, will result in a stable 
slope. Unfortunately this is not always true. 

The error in this assumption is demonstrated in a hypothetical example 
delineated in Figure 2. This road prism layout (cut-and-fill) is common for 
logging roads on National Forest Service lands constructed after 1970 
(Figure 2a). The traveled way is 5 m wide with a crushed rock aggregate 
surface 0.15 m thick overlaying a gravel base course 0.6 m thick. The road 
surface is insloped to a ditchline in bedrock. The cutslope is 4.5 m high 
and excavated to an angle of 53° from the horizontal {0.75 h:1 v). The 
fillslope is gravel or sandy gravel material {GP or GM Unified Soils 
Classification; after Howard, 1986) placed at an angle of 34° from the 
horizontal (1.5 h:1 v). Subgrade and fillslope materials were compacted to 
a designed compaction, unlike the· cut-and-sidecast fill roads built prior to 
1970. 

If failure occurs within the road prism, it will be in the soil. In 
the example, we assumed no rock failures will occur because discontinuities 
(for example, joints, fractures, and bedding planes) are not dipping out of 
the slope. Soil overlying the bedrock is sil"ty sand, SM (Unified Soils 
Classification), and has an average depth of 1.5 m. Common soil strength 
values for the in situ soil and construction materials (Hammond et al., 
1992), slope, and subsurface geometries evaluated with XSTABL (Sharma, 1994) 
indicate that there is a 5-percent probability of slope instability under 
very wet conditions. 

Slope instability may increase for recontoured roadways, depending on 
the design. In Figure 2b the fillslope material is pulled back and placed 
within the road prism. The road surface and base course materials are left 
in place and, therefore, will be impermeable relative to the recontoured 
materials. During wet conditions, the ground water geometry will include a 
seepage face at the toe of the recontoured materials, and overland flow will 
travel downslope a short distance until it infiltrates into the in situ 
soil. In cases where little compaction of the recontoured tJaterials occurs, 
the factor of safety is predicted by XSTABL to be below 1.0. This is also 
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