
Absmct: Ten cacts in the mouwtdns d western %rk@nia we= intensively s m p l d  to 
d e t e d n e  the type and elraeglt of soil &stmbance from grsund-bas@d Iog@ng and the a a e n m t  
erosion aisk. Average slopes for the mcts rmgd grQm 2% to 43 percent. hggecf s lops  
e x c d e d  50 percent. A11 tracts s m e y d  were loggd prim to the push for voluntsery Best 
Mataagement Practices and had been eomple@d at the susvey was 
conduct&. Two logging methds were obsewehf: from stenmp to 
rw&si&, and the use of bladd skid trails. Ove~Iar~d s & i ~ n g ,  when topgaphy permits, was 
found to cause less disturbme and soil compaction. Ngh risk of soil movement and erosion 
was associated with a relatively few, high-~sk, spots left after hmesting, rather &an the 
genaed application af the system. 

The increasing demand for Appalachian fmsn pducts ,  b t h  lumber apn$ p d p w d ,  coup1eb 
with increased env2onmenM awaEness, has renew& interest in the impacts, of @ourad-basd 
logging systems on s t q  slops. Alternative systems such as heBcopten; bdlmn m d  cable 
ways may find limited application on sites were the coxrmbinaticbn of velum, value, and 
ecolog-icd sensitivity e m  justify the a$eli~ond expense requimd, Rubbr-&& s&&ers with 
their advmtages c?f cost, flexibility, mdest  skill ~u i r emen t s ,  and reduced weather sesisiaiviw 
she the mast economical means of ~ r n o v h g  timber from nademteieBy steep (30-40% slopes) 
s i t s  m d  will Likely remain the d choice from an operation& sadpoint,  

The hmesting impacts of ground sysxems on these sites fa11 into thee lamad catego~es: those 
which increase erosion risk, those which reduce site prduc~v tw ,  and those which alter the 
aesthetics of the tract. Erosion risk incmses as a result s f  removing the forest cover (a 
lwgely unavoidable consquence of timber harvesaing), removing the Bitter layer, opening of 
&&mage channels up and down the slope, and a8tefing sail s m c m  to the extent that 
infdffaaion rate is reducd. Soil cona~pacaion is p h a p s  the p e s t  timat to site p r d u c ~ d q ,  
e s p i d l y  if rout penetration is inhibied and so3 pomsiw is lost. %ksg@ng alters the canopy 
profde, but ehe most obj~tiornable impacts me the exposure of nineral soil, imposhg segght 
lines of haul roads and skid trails on the namd topghaphy and leaving broken sterns and 
piles of debris. 

'Associate Rofesso~, Dep mt d Foresary, ailirginnia Tech, BBsscksbmg, VA 2ME-$8324 md 
Lumber Sales Represen~&ve, Rwter  & Gmble  GUubse, Memphis, 'IT4 38208-M7, 
~swc t ive ly  . 



"X&c li&ratm is replete with insticles desc~bing the impacts of hmesting s n  v&ms soil types 
pickersoar 1968, Dryness 1965, FrwBich et al, 1981, HOag arid Webb 1987, Mace 15370, 
Reinah= et d. 1963, Reishger et d. 1988, WiUis 1971). The diverse nature of forests, forest 
soils, past land management practices, md research objectiws make it nearly hpossibXe to 
b w  broad generdizations fmm this ~ r e ~ m h  base. Hrasvesting twhnology has changed 
rapi61ay over the period of this resemh as well. Dkct - f ive  machines of the exiy 70's have 
k n  supplant& by power-shift m.ns~ss ions .  Hyhostafic chive machines a* k . c o ~ g  more 
conawn. Each advancernewt in drive mins alters the manner of soil machine intemction. 

Major changes have occux~ed in tire md mek design as well, Tire widtfis have increased, 
carcass consnvcrion has improvd, and wead designs have been ahpted t s ~ i f i c  
alaplications. Underc-ge design, balance, and drives for crawler tractors have impmved 
aver the same period. Soil effects have often driven these design changes. Lumping a new 
mwer-shift machine mounted on wide tires into the smae category as a p- l978 ' s ,  
&necn-Mve machine on modeified agricultural h s  negates much of this effort. 

The change in technology has expanded the range of hasveseng options. W d  form may 
range from log leng& to fuH1 tree. Tliae ability to skid dong the contour on steep slopes has 
increased, landing size and location can be better adapted to the ternin, md forest road 
designs altered to take advmtage of more powedul and mmeuvemble trucks. 

The fundamental divisions of the f o ~ s m  profession often insulate those concern& with the 
effects of operations on the forests from those concerned with reducing those effects. *Hhe 
silviculturist is measurhg the irnpacts of a t ~ h n o b g y  that is at best current, more likely 
already superseded, on stand development. The harvesting specidist--whe&er forester, 
endneer or other grofessional--is concern4 with the iahlgacts of current and future technology 
and pracrSces. Ttie two can nsm~ally exist in blissful isolation until an extend &sttarbance 
focus an interaction. 

T%e stecent move to Best Mmagenaent h a c ~ c e s  has been such a biesabifiaing influence. The 
various states have been involved in demloping guidelines for f o r e s ~  opratlons either 
volunaasiliy or at the &waion of their le@s!atures, The basis for these guidelines has been a 
mix of publislred research fin&ngs, expemence, and what tlre state next dmr  is doing. The fit 
with the cumnt ~rctiviaies and Hmal con&rions is s e lbm tested except by empirical metods 
bas& on ina~provemeimt in the environmental variable of intewst, 

This study was s m c t d  to assess the hwesaing impacts h m  curpent pund-base8 
opera~ons on slopes greater &arm 30 percent in the mount&ns of central Virginia The 
ob j~ t ives  of the study were;: 

a. to document the f o m  and extent of soil slistmbance and compacbon associated 
with conven~ond oprarions. 

b. to identify this &smrbmce with swific forms of caarsdity in plawning, 
opcra~on m d  cfosm, an& 



c. to make recomanen&~ons for reducing these i.mpacts in future opemsiions. 

The csoperators in the project--Georgia Pacific, Nekmsa Packaging, the U.S. Forest Senice, 
md Westvaco--were asked to ssllbHnit a list of mcts from the central Virginia region which 
had been or would be clearcur between Septemkr 8988 md September 1989 by gound-based 
systems, md which haad average slopes in excess of 30 percent. me tracts were to be 
"fomarded" without considemtion of the appmnt "quaEg.." of the logging job. Twenty-nine 
tracts were identified, of which 10 were selwdd for c P e ~ l d  study. The final sdectian 
aEen~pted to assure a diversity of owmersKaip, soil type, season of hmest, quipment, 
harvesting strategy, and sEdding prdc~ces (Tables i md 2). None of the tracts was visited 
prior to selection. The conWactors p e d o d n g  the hmese did not know the mcts were to be 
included in a study of this type. Virginia was u e ~ n g  its Best Management Practices activity 
at the time the tracts were cut, but compliance was still v o l u n w  and inspw~orns had not 
begun. Consequently, there was no in&caticm &at "special" p~cauGons were taken by the 
contractor or crew during the hmest. 

Haesignated skid trails are cornonly recamende$ for steep terrain (Frselich et a'l,, 1981). 
The research basis for much of this has come from the EPdcific Northwest or Scancfindvia 
(Wasterland 1987). The alternatives had not been hl ly  tested on AppdacMan forests. The 29 
txacts provided were roughly evenly split between those harvestd using designated bladd 
trails and those skidded overland. 'Fhe split was maintain& as an impo~taart variable in the 
study. 

Tract ofientation relative to the contow appears lio be a major factor in determining which 
method will be used. Two of the mcts were hmestetil by the same contractor, nsing 
different skidding methods, Tracts laid out with the long axis mnning p e p n & e u l a  to the 
contom were skidded using overland methds; tracts with tPle Bong axis p d l e l  to the 
G ~ ~ O U P S  required bladed skid trails. 

%he cooperators provided maps md  k s c ~ p t i o n  of each tract. Ad&tiond infonnatiow 
pept~ning to soils, weather condi~ons during md  foltfswing the harvest md other descriptive 
materid was colliecad. A two-person study te rn  visited each mct d h g  the s u m e r  d 
1989. The generd charactefistics of the tract were ~pzrneaatecH: the l m a ~ o n  of rods ,  
landings, skid trails, rock outcrops, s m m s ,  and &gnages, dong with other gross tract 
features. 'Plris was supplement& by ckcalfla plots, 20 feet in &me&er installed at 50-foot 
intemds dong contours. The area e n c o m p s d  by these plots r m g d  between 5 md 8 
percent of the tract surface sea ,  clepnding upon the mount  of land a e a  reserved for ~ l d i f e  
plots, stkernside management zones, or deemed unbggable because of rock: outcrops, bl&s, 
or low timber quality. 



Table 1,--Summasy of physical study-met chmcte~sges.  

Wainfd 
Sail D d n g  Avemge Size 

Tract Type Ownership Ernest 921 Slope (acres) Aspect, 

A silt I o m  and inaliusq 13.59 in. 43 11.0 west 
stoney loam1 IS mornhs 

B shaly silt industry 11.53 in. 33 15.7 atonfa 
lo& 4 months 

C sandy loam to public 14.12 in, 35 16- l norrhwest 
f o m y  sand3 4 months 

'8) stoney, fine private 12.02 in. 21 '20.8 northwest 
smdy loam4 3 monalns 

E sandy loam to public 13.45 in. 27 40.4 southwest 
l o m y  sand 4 m t h s  

F sandy clay Eom public 6.84 in. 29 18.0 southeast 
silt loam 3 months 

G shaly silt indusq  22.65 in. 37 19.8 east 
Xoam2 4 months 

H stoney, fine public 17.12 in. 25 23.5 nertfawest 
smdy loam6 3 nxonths 

Ti stonney, fine private 22.70 in. 28 39.0 nopthwest 
sandy loam4 4 months 

J shaky silt public 13.46 in. 3 1 19.9 east 
lorn7 3 mon&s 



Table 2.--Sunasnary of study-eracr hawest chmac%fisfics. 

Cubic Feet 
Season of 

Tmct Harvest 
Skid Trdl 

TYP 
Equip. (make/ Skid Hmested 

m d e % I ~ e  dx) don (per a m )  

summer 

fall 

winter 

spring 

sunlmer 

winter 

summer 

spring 

summer 

spring 

overland 

overland 

blades 
overland 

Timbe$ack 240E 15% uphitill 2332 
23.1~26 858 down 

Timk jack 241E 96% uphilll 3421 
23-1x26 4% down 

CAT 518 1% uphikii 1509 
23.1~26 B% down 

Timbeqack 230D 80% uphill 1734 
23.1~26 20% down 

John Dmre 640 65% uphiH 602 
23.1~26 35% down 

CAT 518 35% uphill 1702 
18.4~34 65% down 

Timbgack 23W 94% uphill 2293 
450 18.4~34 6% down 

Cat 588 2% uphill 23631 
23.1~26 98% down 

J o h  Dee* 92% uphill 1072 
18.4~34 8% down 

Thie soil surface chwactesistics withisn each plot were mapped iand classifid using a 
d e s ~ p t i v e  system adapted from P/fiUef and S b i s  (1986): 

I, Ura&sturbed: L i m  in place and un&smW; no evidence of wachfme & f l ~ c  or 
compwfion. 

Subclasses: Nsn-soil (rock ~u taops ,  smmps, etc.) 
Debris piles (slash over 30 cm k p )  



2. Slightly distwbed -- any of the following t h m  csla&eonas: 

a. Litter removd and mineral soil expos& 
b. Minerdl soil and litscr mimixed 
c. Mineml soil deposited on top af Bitter ta a dep& of 5 cm 

Stlbcfasses; Cosnpacted -- obvious &pression caused by passage of log or 
machine 

Debris piles 

3. Severely d i sau rw Surface soil removed and the subsoil exwsed. 

a. Cut or maed soil ~ma in ing  in its origind lwarfon 
b. h s h e d  or filled soil from harvesting or eartlhwork ac~visies 

Subclasses: Compaction -- obvious depression caused by passage of Iog or 
machine: 

Debris piles 

4. Depression deposits: Sedimentation of soil in holes, troughs, or behind debris dams. 

Hn addition, a cone p e a m e t e r  was used to measurn diffemnces in soil mechanical strength 
between the above categories md subcarepries m e a s d  in each plot. If the enrise plot was 
disturbed, an unimpacted measurement was taken from the nearest undstarrbed area, 
(Penetrometer readings were not recorded for depression deposits because of the s m l l  area 
m d  major shift in soil structure with depth.) Slope was recorded at each plot center, md skid 
&rection (uphilVdownhilil or along contsur) was noted. Measurements of the depeh d organic 
layer, soil texture, md  other chzaracteristics for each distwbarace class we= taken. Live brush 
density and the pameters  required for the univefsd soil loss equaGon a&p&d to fomsted 
sites were =coded. Plots were instalid in skid @rails, landings and mads as well as the 
forest floor to assure all &sturbance classes were documented. 

A total of 1120 plots was established on the 10 mcts. These were further supplemented by 
measaring and docanrrrenting engineered earthworks, such as roads and landings, and 
ncn-engineered e d w o r k s  such as skidder blade work on skid Brails or water bar 
r;onsmctiora. These on-&e-gound measurements were supplemntd by scaled measurements 
fmm aerial pphtogaphs taken of each mct. 

RESULTS AND DISCUSSION 

The Universal Soil Loss Equation was used to estimate potential so2 mvernent, in terns of 
tons per acre per year, tiom each pilot. Soil movement, esdmtd in this manner, means the 
soil is moved from its place of origin and should not be: quated with poenti;el smam 
sdimeneation. The forest floors after harvest on most of the plots, had sufficient Bitter layer 
m d  micro topa~aphy  to siow runoff and force deposigion of much of the soil near the place 
of origin. 



Figwe ]I from Tract A shows the com18xl pattern. No soil movement was expect& for a 
majofity of the pls~9 and mdewte nlovemnt for most of the others. Each tract csntlaind a 
few plots with a vexy high risk. Five hunc9redl fifty of the 1120 plots had an est.imated z ~ m  
risk of soil movement. Soil movements of bss &an 1 tm per acE per year were es~rnatd for 
m ackdieiond 173 plots. Each hriact canealned a few "hat spots" with very high erosion Gsks. 
Maimurn in&vicBuai plot measwementf, for the 10 tracts rmgd  from a low of 6 tons per 
acre per year to a high of 158. These "hot spots," without exception, asccud on a road, 
lm&ng, or skid gaieil. The values dm reflect the risk during tihe fist year after Iamest and 
would decline rapi&y as the tract sevegaates, and exposed soil on mads, waacts, and landings 
are covered with grass. 

(No. okervaltons) 
7 0 

(tons / acre f yearj 

Figwe 1. F~quency of pstenaid soil mvemnt  estimtes from tb: U ~ v e s a l  Soil Loss 
Equation, based on estimates from 121 plots on Tract A. 

Potentid net soil loss (off-site se&mntattion) was esaimted for &I: en& tract using average 
values from plot data and a tot$ mct paranrme~r to estimate on-site storage. The results, 
shown in Figute 2, indicate that half of the tracts would lose less thm 0.25 tons per acre 
dwing the first year after harvest. Only one of the tracts had an estimatd loss of greater than 
1 ton per acre per year. Tracts A kough E were hmested rasing averlmd s&Wng methds, 
while F thrcsugh J had systems of &si@aM md b 



Figure 2. Patentid soif loss estimates using the Univepsd Soil Loss Equaeon mdifies 
for forested kind. 



Table 3 was develetged by averaging the soil loss esdmxbtes for each of &e sample plots to 
develop a tract average sate of sod movement. To demnsmte the b p m c e  8f tract 
closm, the average was recalcnlixgd assua%ning the two and five highest risk plots were 
~eateb, rediicing the movemat risk to ano&er am. In most cases, $rea~mg the two highest 
risk sites reduced the average by 30 to 50 percent. '1;~aGng the five w m t  sites results in 
visaud elimination of soil movemat on many of the tracts. 

Table 3.--Potential soil movemeat estimaes in ems of m d m ,  a~&metic average, md 
m a t 4  averages using field plot data. 

* A d W  **Inensive 
&&metic 4 9 1 ~ s ~  C b s w  

Tract Median Average Average Avemge 

* Mthmwebic average assumkg the two Eghest so2 rmovemeart estimates q u d  zero. 
** Mthmetic average assurrning the five highest soil movement esdates  equd zero. 

esting activities disturM less than 30 percent of the txwr m a  on all of the 10 tracts 
(Table 4). No differences could be found when overlmd sfi&ding was cornpad with 
desipatd trails. 



Table 4.--Coangafisan of un&stwM m a  (9%) on aracts with overlad skid adls md bladed 
skid traiis using a sank sun test. 

Percent Undismb Percent Un&sturbed 

h a s  characterized by slight &sturbmce ranged from 11 to I5 percent on nine of the aacss 
(Table 5). One @act had a low of zero percent resulting from an extensive bladed trail 
system which reduced machine travel over the site. These values correspond with the 
fin&ngs of Miller and Simis (f986), who estilnated that 23% d &e m a  of m t s  they studied 
were left in this con&tion, 

Six to 14 percent of the tracts' areas we= left in a severely &sturb& condition. Severe 
disnxrbmce was mast ~omnanly associated. with the canstnactioam of skid trails rather than 
$kidder damage. Watw-bm, hat11 roads, and ilandiings were major contributors as well. A 
significant differewe (alpha < 0.008) betweeam skidding methds was found using the 
Wilcoxon Rank Sum Test (Table 6). Overland sGdding result& in less severe disturbmce. 
The values shown for overload shdlding include the cfistwbance asssciatd with water bw 
consmction. Excessive use of waterbars on overland mils (following B W  fomu'ias) often 
resulted in greater risk of soil anogreanent than If they had been omitted. 

No significant &fferences were icomnd in the percenta5 dBf the areas in the non-soil category, 
under debris piles or c o v e ~ d  with depression deposit between s&cidding ancathds. 

The percent of the met m a  in skid trails did vary beween sEd&ng methods cable 7). 
Overland skiupag resulted in less skid trail area &en using bladed trails (alpha = 0.075). 



Table: 5.--Comparison of sEghrly &stwM area (96) on @acts with sver1md skid trails md 
bfded skid trails using a rank sum test. 

Percent SlighQy 
Disturbed Area Using 

Tmct Overlmd Skid T r ~ l s  

Percent SHightBy 
BsmM Axes Using 

Bladd Skid Tarails 

Total Ranks: 32.5 22.5 

Table 6.--Csmp,aison of severely dis d area (96) on tracts with overland skid trails and 
bided skid trails using a rank: sum test. 

Percent severely &sturbed Percent sevmly dis tded 
area using overland area using bladed 

Tract skid trails Tmct skid trails 



Table 7.--Percent or total study &act susacc area in n a ~ ~ e a b l e  skid t~ii43~. -- -- 

Tract 
Tmct Percent 

in Overlmd Trails Rank 

Tmsa Percent in 
Tract Bladed Tr~11; Rank 

Compaction 

The slightly disturbc&co~npacted class inc1uEB.d from I $0 5 wrcent of the taact mas. The 
resulting small sanaple size made it af icul t  ao assign significmces to these data. Values in 
italics in Table 8 are based nn a sample size of less than 16). While no tests of signifiemce 
were attempted, the absolute values indicate that the field ccrew's ability to identify 
compaction was gmd. 

Using conventiond ground skid&ng systems left k m e n  70 md 80 percent of the swface 
soil on the 10 tracts in an uu&smtKcf con&~on. Six to 15 percent of the m a  had been 
slightly disturbed, a con&tiom which would increase the risk of soil movement the tract 
but not impact tree gowelm. Some compacGon efid occur within the slighdy & s t w M  
classi%"lcadan, but the amount (1 to 3 percent of the tract m a )  was too smdl to develop 
inferences concerning tree grow& or water inGf@a~(~n, Six to 14 percent of the tracts were 
Heft in a severely distuH-bed condi~nn, usurdBy as the result of consepuerion skid waifs, haul 
roads and landings. 



Table 8.--Average change in mwhanical smng& (psi) between p ~ r d  data smples of the 
undismrbed class a ~ d  listed class. 

Slighdy &sturbed class 
( R x t )  A B C D E  F H B J 

% of tract occupied by elinis class: 
12 I4  15 15 

Depth inches): 
I -4 0 5 "13 
2 11 1 TI 8. "29 
3 14 4 -7 "39 
4 "24 9 11 -26 "40 
5 5 -28 "27 
6 *59 *40 2 -31 *26 

Slightly &stwbedfcompactd class 
(Tract> A 8 C D 

% of tract occupied by this ciiass: 
2 2 2 5 2 P I 1 3 

(Depth inches): 
1 35 13 I 8 4  *63 15 25 33 139 106 
2 90 26 132 "70 28 48 54 146 131 
3 138 47 145 "84 18 110 56 191 I19 
4 137 57 98 "79 42 52 19 7 99 
5 135 63 89 37 23 68 3 669 71 
6 140 70 68 '57 16 63 84 169 91 

* represents values significantly &Eerent at the 95% conE&nce level. 
(08) had less than ten observations wi;hin the smgle. 

SPrldding method had an effect on both the extent of severe distrarbmce m d  the potend$ 
off-site sedimentatiola, Overland s ~ a g  msullted in significanajt less sevex &sterrbmce and 
generally less risk of off-site s&menta~on. 

Raost of the risk of soil movements was associaiM wi& a relaGvely few, very vuherable 
spots on each met. Ad&~ond  cebsure effort to reduce this vulnerrability would have cut he  
average soil movement risk nearly in half. 



Conventional, ground-based Inmesting systems can be used on slopes greater ham 30 percent 
in the central Virginia highlands wi&our significmn risk to water qudiv or skabsequent stand 
&velopnxnr. A reasonable degree of c m  and mmagement is assum&. 

High-~sk m a s  -- those with fine-texeaasd soils, pmr  &&nage, and low m k  content should 
be avoided during wet weather. Hmesting conEactors should be dlsweb some flexibilisy in 
scheduling or contract life to reduce the @agency of cutxing these $:acts when the risk of 
damage to both the site md the equipment is matest. 

Tract bounda~es should be Paid out to favor overlmd skid&ng on sbpes of less than 45 
prcent. On slopes greater than 45 percent, safety and csnvnon sense dicpilte the lase of blade 
skid trails. 

Tmct closure is an especidly important m a s  of reducing erosion and sedimwta~on risk. A 
few very vulnewble spots accounted for a large sf im of the e s ~ m a t d  soil movenaent and soil 
loss. Waterbars, if properly installed can be quite effective in wducing these risks; averuse 
can increase soil Isss. Other techniques s f  slowing water flow rates on m d s  and pails which 
require less soil distmbance should be investigated. Alternatives bcllade using logging debris, 
s i l~f ion barriers, paper machine felts, or other prducts entefing the market. 

VegetaPion is the ultimate protector of the site. Leaving the site in a con&tion such that trees, 
gksssses, shrubs and forbs can quickly m c u p y  the @act is the best solution to min.irmia;ing 
sunoff and sedirnen&tion. 
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