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Chapter 15 

Harvesting Options 
for Riparian Areas 

James A. Mattson, John E. Baumgras, 
Charles R. Blinn and Michael A. Thompson 

' .Mj, o /~~ec t i \~c  is 1 1 0 [  .s top / / ~ i )  o.[ hli!  t o  g l t l d c  I !  .so ~ / ? P ~ ~ I . P . Y [  1.s I ~ . S C ~  ~t-i.solj~." 

Giffor-d Pinchot - as qnotecl b>, hlas Pcttr~-son, C'l~ief'. U.S Forest Ser-vice. 1985. 

As  tile chiiptet-s in  r I - r i \  book tlcii>oii\ti-arc. 1ol.csteii rlpar-lit11 ar-eits pr-u\liilc rll;tn!l impor-rant 
f'unctions and values. incluiiing I l c l i i f t r  il:ibitiit- reci.earion. u ;ire[-. tirnher ~,1-ctductioi1. ;ind 
cultui-a1 resources. The high soil n3olsrur-c ktr~d 11~1tr-icnr itv;tilabiliti\ 111 tliese ;~r-c;ts make tl1ei-n 
highly productive sites 1.01- plai~t ; I I ~ C ~  ;~ni~il;il 1 ilc.. Iriclucling trees. and tiiis. coupletl \.i.irh rile 
fact that many of' tl~ese ar-e;is have zone urthit~-\~esteci due to diff'icult ter-rain and ufei soil 
conditions, makes them a \j;tlurible soul-ce of' \vctod pi-ociucts. Much of the current debate 
about riparian areas is focused o n  the leLtel of' t lrnhet- h;ir-\~esting that should occur- within t h e e  
areas. 

Riparian managenien t ai-eas are clef I ned lo iccofn ize that nienagemenl pract ices may need 
to be modified to protect and eii harice ilie d ivei-se functions arid values of the I-ipiir-iaii 
ecosystem. They are not intended to be zone\ of  nianagement exclusion. althoush tile besi 
prescription may be to exclude active miinagement in some cases. Minimizing disturbance 
is the primary objectise when dewloping strategies for tiniber harvesring operations in 
riparian areas. Lin-iiring dis~ur-bance helps reduce the potential for el-osiori. ;tiid minimizes 
impacts on shade and othei- ter-restr-iai anci itiluaric hatsitat factor-s. 

Harvest Planning for Riparian Areas 

Ttnibes harvesting include\ Icl l ins. p i { j c ~ \ \ ~ t ~ g .  C X & ~  itCI111g. \ortiiiz. l ~ i l d l i ~ ~ ,  and i i a u l i ~ ~ ~  oi 
t ~~ i i be r  products. Har\ e\i opcri~t IOI I \  u \ ~ i ~ t I l >  I C ~ U I I C  tliat I I ~ H J I  r - c ~ c i \ ,  l ; t~l(il~~g ;ilcck\- ; ~ I I C ~  \ k ~ c j  
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t r  ; t i  I \  be COIICII I  I I C  [ C C I  ' t i 1 ~ 1  ~~l~~int,i incci to access flte r c ' \ c , i r r L t '  4 1 1  t t l t ' \ ~  opct ran\ 11:tve the 
p~[~"r i~ i ; l I  t ~ )  11~2~11 ~ i . i ' l >  i i l l j l d i  i I tp'i~ L ; ~ I I  ~ C \ ( I L I I - C C \  L ~ ~ ~ i /  ) ~ I t j  b~ c , I I C ~  111 I )  ~ 1 r l ~ ~ i i ~ ' i I  10 protect 
tilt" I ip;tr I ~ I I I  '11 t"1 t ~ ~ I I C I I O I I ~  (Mceh I C1C14). Many \t,itci ~ ~ o u  ti,t\ c opcr ,\riorl,ll gi~~cIelirit;.\. 
coiiiii~onl y c,11 lccl Bcht Mailagement Practices (E3MP.t 1. th,tt :tie tle\~gned to prorect water 
c l~ i ; i l i r l ;  ,~nd ,I lirl~ilccl tiuiiiht"r nt other tr\ource\ (MI  L>\R 190-4 Llk DPiR 1 W S .  WI DNR 

I i I I c 1 1 c  I I i  I k t  I I tttt t tcr i r r  ip\ cri~cf  w,ltei 
c [ t~ , \ i i ~g \  ,ire ~ X L I  ~ I L L I I ~ I I  I! p c i t~ i~cr~ i  to l~ ; i i~e \ t~ r i g  o p e ~ ~ r t i o ~ ~ \  111 the I lpctrlcirl ti~cci 

Ia,~~iclo\iinui o l ~ ~ c ~  fitJc\ i c ~  i C ~ ~ I I  ~ I I I C I  \c:t\or~ of o p c ~  '11 ioil '11 c , i i \ r t  '71g1115 lCclr i t  t , ~ c  toi "itticit 

I I C L ' C I  I < )  bt' colt \lclc'lc~f \% l i ~ ~  / ? l c l f ' i n l i l ~  II;II V C \ ~  ~ I I S  oper.ir H)JI\ .A i< t.1 I de t~lopccl  Ii,lr i c\t picin 
L I \ I I I ~  t~ppit>pr I ~ I I C  13 !I i'k i t  1 1 1  i t>c ic i  ict ~ I ~ I I  \c\tiris cjpef'i1ii311h l h L t l  I > I ~ ) ~ C L [  ii ' ~ [ c I  L I L I ~ ~ I  I [ >  ' i t l c i  o~licr 
rlprkt r t u l  I ~ I I I C [ I U I ~ \  i ~ t l i i  1 c i l ~ ~ t b \ .  tt'itlole tctlejt p~odclor\ ct t I L  ieriiI\ 'iiici pr ot lrcthl> prornr,te 
\ i i \ t ; ~ ~ i i ~ ~ b I ~  I o~c"\i ; I O ~ \  ill ,111ij rilllint,itn ;lclu,ttic brotf~i ei\ir> 11 I \  . ~ i \ i t  irt1por tliilt r c t  r-iiectt rrh 
O I X I . I I O ~  ("1 \ \ ' t t .  I ~ i i '  I l r i i  \ C \ I I I I ~  f~ i~l;khe \ L I I L '  I ~ I O ~  i\i011\ 0 1  I ~ I C  t i c t i  L C \ I  I > I ~ ! I I  ' l i t "  \icll 
~11111er\tooil ~ Z C I I ~ ~ ~ "  \lipt'ri 1\1or1 il~~r-rr~g ctpei;triorl\ ~i cr111i~11 to cn\irrc t t i , l t  t17c' pl.tn I \  beins 
i3lopcl I >  1lll~>lcl~~L~t1~c~i 

l I 1  I I 1 \ I l ' l l l l  I L 1 c 1 1  1 \ t i  ' I  c ' ' I  ' I  1 \ i 1 f'hc 
i~ced 10 cori\rcicr c'&iclt  \ric iil ifr\  ri1~1~11Iy I \  ~ l l ~ r \ t ~ ~ i i t ' t I  t?\ '111 i , \ \ , l~ i l [ : l i~  f~orii t l ~  f ~ l ~ ~ ~ ~ t t r t ~ ~ i i i c l , ~  
\ c i t i o ~ ~ c ~ l  F ; O I C \ I  licr c p < i \ t  I i L t i  \e\[111g pr ~t ice\ ' ~ I I L I  , I L  I I L  I I I ~ ~  011 < K I I ~ ~ L ~ I I ~  / ) I  I \  ~ [ c  l L ~ ~ ~ e l  

J C \ L I I I C C I  111 \ ~ I L * ~ I I I I  ~ C ~ ~ J J I I L - I I I  oi , ib (~ \~ i>  cr r t~c ;~ l  lei cli f3c~~ri~lyi < I \  I000 t I t t i  \ c\t1112 
o}3ct'!lloll\ f l l ' l l  ~3lo<l~rLcil l L l \ l  < I  \ l l l ' l l l  ' l l > l ~ > L l i l l  oi ~cClriI~~fl1 l l l< l>  l1<1\ ts ILiillIcCl ~ ~ O ~ ~ i i l ~ l 1 1 ~ ~ 1 l \  of 
t c  I t o  I Z I t I ~ o t r ~ f ~  1lctr \ c\rrng L L I I J I  ~ t ' t i i \ e ~ ~ t ~ o t ~ ~ l  ~ J \ I ~ I I I \  L O ~ I I C J  ~orllj?l> i t  1t11 \ f c t t t 3  

water c 1 ~ i ; i i l t ~  13f1f3 icc~i~lrcri~cnt\. [he irntclrlc atti-rt7u1c\ ol tI11\ \ite rc~lurt-cd . i l t c .~ t~~t t~ ie  
I ~ : t r s e ~ t ~ t t ~  \ y \ i t ' r i ~ \  to P I O ' ~ C C I  I I F ) ; I I - I : ~ ~ ~  re\otlrce\ Cori\cij~rerirl~, ni~ich ot ihe \~ctc>d on t h ~ i  
lar s c  t in~bcr \,llc \i , I \  5 '11 ciecl M lit1 ficlicopte~-\ 

Access 

Fore\[ ~o:td\ [hdr pool Iy luczt[ed, consti-ucted, or rrt,iir~t~~~r~ed :ire one of the l,irges~ source\ 
r t t  itoripoint \otir-ctx pollt~tron from fore\[ nlan;lgertit.rir ,Icrivrtre. (Patrrc 1976) Rrxtd\ on 
\tee17 \lope\. cr < t i l t  hlc \ ( > I / \ .  ttr \trelim cro\ \~ngs holil rile grc,itc\t pt~teriti~il for tic21 ,tci~ng \v,iter 
qua l~ t j  E l tec t r~e  r o , ~ l  cort\tructiort technrq~re\ nIinlrniic t l~c cir~tarb,rrlce to tl2c n,lrur,il t Iou 
ot i\i,~tcr over thc l,~ricf\c;tpe 'tncl en\ure the \ti-ucr~rr,il inteyrit! ot tttc roCtd crnl-;r,111f\rtien1 
(Kochendertcr and Helvey 1987, Swrt t 1984~) .  The go,iI I \  to pi o\ ~cte .I \ ~mp le  r o d  \tructure 
ot ctcit'cliic~fc \trciig~fi to \Llpport he;tvy vehrcle traffrc t i  h~ le  prov~ifrng dr;t~l>,tgti \ t r  uct~ire\ for 
u,tter I O  itlrttt~gh [he ~c-t,tci corririor at ncti-nlal Ie\cli (-hoi~-c\ I t b ~ ) ~ ~ t  ~ o ~ l i i  C O I ~ \ ~ [ L I C ~ I ~ ) I I  

i t C t r ~ i f c t r c l ' i  ,tnci ttl~ltrticti,inct ,rcfi\ 1 1  i t \  w 1 1 1  he tnflr~er~c~ci h i  kirc c hltr ,ictcr ic\ !lit2 \ ,tluc i t l  
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Opa'artilg eqtil im~cn~ rn or near perennial or inter-nirtterit \rrcLim i h i t r l i ~ i . I \  r13ii)i add \ailment 
tiiri:ctl! to ttrccilui ii>ynch arid G'ol belt 1990. M,ii~in irnd Hirr-i~hc.cl\ 19941 S[rc,irll crr,\irng\ 
t11,lr &i~i- pool IS; Iocirted or constl-ucteci ni,l> er-c)cfc \tredmhcinh\ A \  ~ c t ' i i i i  t i p p ~ ~ ~ ) ~ ~ ~ I ~  'i itr-earn 
crcl\\rng. prop" rcxrii drainage 1 5  crrtlcal ro avortf dL"po\l~ing \ed1171e1li I n t o  \Isearns Stream 
cri>\5iiig\ mu\r he iie\rsned. con\tructed. and nlalntalned to \:ifcl> handic expected vehicle 
I r t~ i i t \  .ind to I I ~ I I I I I ~ I I / L "  \treanl d~tt~rrbarice 

4 \ ni lety ol < I > \ -  1ictnr~ieiittrl1y 'itid eco~iitnitc,tlly Iiccelitiihl~ ;ic.ritj,or,~r OI  porratlle \[ream 
.trici it c"t I;i~id c I O \ \ I I I ~  o p t r ~ n i  C ; I ~  he u\ed cfur Ins t ~mber hLt i :  e\r rrl_rt ailci l~ , tuI~ns oper;ttioi>\ 
i t i ~ l i ~ n  ct a1 1 Y J S  lncreaied a\ilnierie\\ 01 t t l ~ ~ o n \  r l l t r i  ii.cluc t. ci,ti~,rgc to \ i t  ~ ~ i ~ t i i  .tncf 
\\x,i.~i,iild\ ccin lit 113 ii-rlnrniir_c ri~c co\r ot p10tcci11>2 thew \ c i ! ~ i r i b I t '  i~" \oi i l ic \  S t ~ t c  BhilI' 
n ~ ~ ! n i ~ d l \  rnclucli. \ L - C I I O I > \  on strearti cio\\rllg oprroiI\ rfi:tt .ire pcr-i~?t~teci r i i  rIl,tt ir,irc .111(1 rniike 
I C ~  ~ ~ : ~ ~ ~ ~ i e r i c ~ ~ i i i o ~ ~ \  1o1 1 1 ~ i i  pi oper in\t:illLtt 10i1 c i ~ l t i  1 1 ~ 2  E3et oic i ~ i ~ i ~ t I ! ~ ~ i g  \ I I C ' I I H  cio\\~rig.  
ccl:rl,!,I I ~ C  ;t[?i?i c\i31 t C ~ l t x  M <itel ~u\ourct. ~egi~Inrct~! ,igritc) J I ~  ! oiii \ l t i lc .  iii 'tt 'r r i i i l iC i f  PCI-II-III\ 

.II i" ~e:.c~uii.cd 

Buffer Strips 

b.4.irli hr i t tc.  H 911 1'\ I c~cttwn~end rhe Li5e of 1 1 I t t . r  , r r > ( I  kll,tcic \ r i  I / > \  < t l  oiillii i t  'iic~ l>Orirc"\ ( ill l IISf? 
1 t i c J J  'iilh: I>b.fi 19ic)F. \Yl DNti 1995) 7-he nlaiit I3iJ1\7(7\e of .I t illet \ t i l l )  I \  10 ~iro\~i i ie  IOIIC 

of :iitrlrrarron to \Iou clown tlie {vatel arid to help hcejt \c.cirii~csnt 'titti c.ttllc>r pctllutrng ;rgents 
1'1 0i11 I\ :t\hrng into the water body (Caitelk et at 1994) Acrii {ties ccli>cluc~d wt tli~n t h e  f'llrei- 
\ { I  ip inus1 1ntnrliii/e r11e exposure of rnrile~-,tl so11 ro help enkuic 11xit \ eget;rIIon 1 %  contrr~tiou\ly 
prtlenr on iht '  \ I I ~  The I-ecoriinierided u 1~1th of rile f~lter \trfp il;~llc\ 1% till \lope lerlgrh a n d  
pei~snr  A ~li,tile \trip helps inalntarn rnoder'lte watei reinperarkire\ by niinirnizrng the 
u ,!I J I ~ I I I ~  of tl?e \,I\ ,ttcl body. reduc~ng the \\ ai-mrns of' ovel I,iti~i t'loii inro rile u ,itel body and 
iitcl~isr.ir~rl~ ternperntur-es in the frlter sti-lp\ (O'L:tu~Iil~n ,ind Belt IQc35I 

The artlount of timber left ivithtn a xliade \tr-~p ciepenci\ on \rte coiid~trori~ and the 
innnagsment ~o, i l \  Many states have adopted mrnlmum opernt~onal \i iciths wrth ntlnrmuni 
trei. .roc hr ns le\ sli and specral \ifatel prorccrron Ine,i\ul c.\ The\e R I ~ U  ran hlan:-isement 
Zoi~i.\ 1 Rh.4'%\1 ,ire usualIpnarrower than rhe i iitble ti~rcitf~ K i / ) i i l ~ i c t i i  il.ie't ~iefirieci in Cliitpter 
2 'tl,it>,tgin~ \h,iiic-tolerant specles senei,illj re\iilt\ rn a h1giit.1 tericliiiil tree i~oluliie Filter 
an(? \I-r,rds \ t i  ip. can be a \/aluable \ o u ~ c e  ctt co,tr cc u r-rocit dehr-li, for rile ter-re\[! lit1 2nd 
aqu'trri \y\tcrn\ They can also prov~de eneigy to [lie u,trc.~ itodj. \ c r -~e  it v1wa1 w e e n .  
and prc)i~icft: ci>sei 'ind travel corridor\ f o ~  \t ~ l i i l~ fe  \pecte\ \'i tlerc tiMZ Innnctgernertr goals 
I I ~ L  i i~dt. .I cic\~rc to e\rribltsIi long-lrveci .tpecie\. I l l i I l l t l 1 l i l l i  ~ l i l  c f i \ t t ~ t  t>,i~ice level\ 11t;ij be 
ekceeileci to prcn ~"de adequate regeneratioit h/l,iriy Iorlg-i rve~l \pe~~t.c"r. ii It tc21 <tr-e ~ r n j ~ t l ~  tarit 
\c)tilie\ of cc, ,~~ \C woody debs15 and do\iirteil log\. rcquirt. 111lrlcr i l l  \ O I I  c\jlr,\cjre tct nitt~ri .~lly 
regc_.ijei,ite ('ltcct, lvittt the appropr~ate or~aIll~,it ion\ hcf ore ciei latin? t I OI'II the I ecorn~~~erided 
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gu~delines. sedlmenlarion is still a concern even where minimum d~sturhance levels of fliter 
s t r~ps  are purpose t y exceeded. 

Terrain 

Riparra~ areas are qomerlmes though[ of as l o~~- I !~ng  flat areas adjacent to water bodies 
Hocveiier. the terrain can vary con51derably ~ { i r h ~ n  a rlpartan area In mountainous areas, 
stream cour.l;es will be found In the bottom of vallej s or gullieq, the sides of which can often 
be ier? kteep ik-inmbeck and Re~nhart 1964) In steep terra~n. espec~all! sites with d 

relatlvel> deme netiiorlisf small ~nrermrttent stredmi. harvesting. road build~n?. and skld tra11 
consrruction, even locared far from larzer perennlaf streams and more typical rtparlan area?, 
can bt111 iontrlbutc to itream reci~rttentat~on Theretore. protectlor2 of aqu'ttlc habitat\ rn 
mount,tinc>u\ t ena~n  may require careful planni11g and conducr of forelt operarlonr on cite\ 
not no1 r r ~ ~ i l l y  clit\\ii~ed 25 ripariitn 
Ei en 111 zentler tcrraln typ~cal ot the hiliciwest, man! strearns ,inti river\ ii,iic created deepl? 

cut r I \  er \ LklIe}\ ,lnJ c t~,irinels that hctirs very itet'p \lope% Steep tei-rain in I ip,tr I ~ I I  ;ire;l'; i t r i l l  

Incrs,l\t. tire potc~ltlji lor erosion. \eii~meniatic~ri cirld mass n~uierl-rcnr c i t  the h~lisitfc Rcinh 

rnstiibilir! c,tn tx ki.1 I O U \  pi-oblertl In \onle ,ireli\. e.lpec~:iliy where re\rclu,il bci\;ki area I \  low 
(e.2 . clc.,irci~tj) ,111ci tile ~esiduai roo[ ~nat bre,ihs down before ~ h c  ilw 4tcln(/ can bmon~e  
est:tbll~hi.d Slope ,ii~d natural \ t ~ r  t,ict. roughne\$ dre the main t,tctot\ c f c f e n ~ ~ i n ~ n ~  h o ~ ~  fLti 

sed~ment L t ~ t ~ i  other contaminants are transported ro rhe water body The steeper the ter-rdin. 
the t'urrher away fror-11 the water body that ~mpacrs from operarlon\ can be felt, rnaklng ~t 

nece\m! to con.,~cier rerratn when deflrt~ng the I lparian area The cor-nbi~t~ittctn ot \bet and 
steep grour-id on rhe iame site can lead to 5ignlficani negatlve inlpacts on the bite it harvest~ng 
operarlorli. are not carefully planned anci conducted 

Seasonal Effects 

Seajcrri., of the ye,ir habe a fjrsnltic,rnt impact on hltrvesting operation., i n  r rparian areac, 
throu~hoiit the Ea\tern Un~ted Stnte\ Precip~tatron in all parts ot th15 region iLir-ie\ over the 
courle oi the ye'ir. rnaking so11 rno~\tuie levels vary considerably from \eawn ro season. Thi\ 
causes the bearing capaciity and trafficability of the 5011 to vary by season In many areas, 
winrer o r  jprlng floociing can be exten.ctve Vernal, ponds also have wet \orl\ ;idlacent to 
them Iequiringt,lutli>n ti rth equlprnerlr operatron 41-15! ( 1994) ruinrnar-rteci reci~rnmendat~ctij\ 
tor rrni.lcji ing the r>per,ttron of har\tltt~:lg 5ystentc on wet \lie\ 
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Recognize dlff~cult  s ~ t e  cond~tlons - U\e aia~lable  topographic, \oils, and vcgctatton 
maps, on-\lie in\pectlon. as well a (;IS to iilcnt~fy d~lficuli \[re char;\ctcr~\iic\ before 
beglrlntng harvest~ng operations. 

Plan better - Use better harvest plann~ng technryues before operating on a site T ~ m e  the 
harvest on very wet sites to occur during dry or frozen periods that permlt equtpment 
operation Lay out des~gnated cktd trailu on the drier. h~gher  strength W I I \  I f  \!ream 
dnd/or wetland crossings are requ~red, tollo\i \late B M P  guldel~nes Pant  the boundaries 
of the RMZ co that operators can tdenrify rI?er-ri 

* L'se exisring equipment better - Use eui\rirlg equ~prnent and technologre\ proper ly to 
rnlntmlze the ~mpacts of harvesting on u~et \Ire\ Lout $round pre\\ure technologic\. \uch 
n\ w ~ d e  tirec, dual tires, bogler. t ~ r e  track\ ,ind trdcked ~i iach~ne\ .  can be u\ed to reduce 
impacts A common problem w ~ t h  these tect~nolog~es is the tendency of \c)liIe operators 
to build larger loadc, and extend t he~ r  operation into areit$ they v.touid not nor ~-r-i,illy traf'f~c 
with con! enrtonal equipnieilt Without 111 opcr pl'innln? and control of tlie ljai ve5t in$ 
oper-at~on. t h i i  can ~esul t  rn r-r~ore \er~c?u\ I I ~ ~ ~ - L ~ c I \  t11iir1 t v o ~ l d  hLitle O C C U I - J C ~  \'I I I ~ I  \[;11idard 
eqnipment 

Develop new teclinolo~ies - As neij ri.cl~~lologies ;ire cie\ieloped, tl~cir. potential 
;tpplication to sensitive sites needs to be e?~:~l~i;!tt.ti Aerial s)tstcrn.r. tracked n~itcf-rities. iind 
other Iol17 ground pressure concepts have been developed that [nay be lo\li!er impact 
alternatives for harvesting on \vet sites. A!SO. ~111-to-I~ngth technologies offer a n  option 
f'or- conducting loiu inipact harvesting \vitt-rii~ rt~ese areas. These ~tlter-native technologies 
ivill be discussed further later in this chaprer 

Teriiperature regimes vary greatIy oiler the Continental Er~stern United States. Ground in 
the riorthernmost areas may be frozen over part of the year. while ground in the soilthernmost 
areas may never freeze. Areas in between have -the potential for frozen ?round, but 
occurrence is highly variable. Even where air teniperatures remain below freezing for 
extended periods, deep snow can reduce frost penetration. Packing the snow maat be required 
in these situations to produce or niaintain fr-ozen ground conditions (Blinn and Dahlnian 
1995). Harvesting operations in the region ha\'e to be highly mobile and flexible to take 
advantage of dry and frozen ground when i t  does occur. 

Operational Site Impacts 

Many rlparian areas have a gradient of s ~ t e  cond~tions ranging from upland cond~ t~ons  away 
from the water body to conditions typically characterized as wetlands near rile water. With 
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the exception of unstable soils on steep slopes, the most serious constraints placed on 
selecting and operating harvest systems (except possibly for unstable soils on steep slopes) 
are the conditions occurring closest to the water body where high soil moisture is the 
predominant consideration. Extensive research has studied the impacts of forest harvesting 
on wetland Functions and values, particularly in the Southern United States where extensive 
wetland forests contain large volunies of high-value hardwood timber (Aust 1994; Ausr er al. 
1995). Much of this work can be dr-awn upon to discuss appropriate harvesr systems for 
riparian areas of the Eastern United States in unfrozen ground conditions. 

The interactions between machines, soil, and soil moisture are the primary determinants 
of site disrurbance during forestry operations (Reisin~er and Aust 1990). Soil moisture 
governs the effect of machinery traffic on the soil. Dry soils generally have sufficient 
strength to resist niost compaction and rutting. kloist soils are weaker, making them 
vulnerable to compaction. Compaction increases soil bulk density and decreases the size of 
large soil pores, resulting in poor soil aeration arid drainage. As moisture content increases 
water fills the soil pores, I-educi~ig soi l sri-ength and shear resistance. When trafficked, very 
wet soil ruts rather than compacts. Kutteci soils have slow rates of soil ;ter;~tion and drainage 
ancl cart serve as a conduit t f~rou~ti  which sediment can move toward a water body. 

Potential impacts of harvesli~ig on wetland soils nere reviewed b ~ .  Aust (1994). Stuciies 
have stio\i;n that compacted and rut  red skid trails slow internal water movement in hot!> 
moderatel y well drained soils anci poorly ciraiiied soils. Wo~vever. poorly drained soils itlr-eady 
have low r-ates of hydraulic concluctivity before being compacted or rutted. Harvesting effects 
on water quality for these wetland soils were found to be minimal as long as forestry HMPs 
were properly applied. 

In several studies. compaction and rutting were found to reduce site productivity. Loss in 
site productivity can result in a reduction in the type, amount. and structure of terrestrial 
biodiversity, leading to direct economic losses over the life of the stand. Severe rutting on 
sites may have an immediate economic effect for the operator. The difficult operating 
condi tions result in decreased har-vest system productivity, lowering profitability. Also, 
machines subjected to severe operating conditions require more maintenance and repair than 
similar machines operating in good conditions, further reducing profits. 

Site disturbance by harvesting equipnient can also harm cultural resources, such as 
cemeteries. archeological sites. tradi tional-use areas, and historic structures. The 
displacenient of soil during harvest operations can break fragile artifacts, disrupt human 
remains, and make interpretation of the artifacts difficult when they are moved from their 
original setting. Erosion resulting from soil disturbance can do the same and may destabilize 
building foundations. 
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Overview of Equipment Systems 

Harvesting systems tor riparian .ilea\ need to be able to perform the same funct~ons as 
syFterns operating on upland areas Felling. delimbing, bucking. ~n-woods transport. sorting, 
and loading all need to be accon~pli\hed eff~c~ently and economically Operating in the 
r~paridn management lone require.. ipec~al con\iderat~on\ of \oil and water impact5 when 
\elect~ng and opelatin: the h a i i e \ t i i ~ ~  \y\teiii Avo~d~ti: tiie direci operation of equipment 
w~rl-i~n the RMZ I \  the rnoir effccr~ie way to r n i n ~ m ~ ~ e  impact\ I f  povilble, opeintionai 
iici1vines 5uch a\ lond~rig luc l~~ ig  .tiid malntendnie \lioi~id hc Ioc,~~ed outiide the RMZ 
Roads and s k ~ d  trdil\ \ho~ild be loc<tred outside rhe R M Z  uliencvei prachcal 

G~ound-based har\le\t i l l ?  \!~\teiii~ ,tie \t11I the i~io\t co~nino~il y il\ed becauii' tlie) Iiilve rl 

definite pioducti\ e ant1 c i o t i v ~ ~ i ~ c  . i d \  aiiiage o\ el <ilkel ii;i[i\ie \y\[cni\ avei table .it time 
Iii>wi.ver, ground-ha\eti cy\lem\ l1,li i. [he greate\t potetlt~,tl lor \ite d ~ \ i ~ i ~  bance :ind .~\\octated 
de~radation of rlte atid water qutil~ri 

Carrier Vehicles 

All inobile harvestins eqi~ipmcnl h ; i \  some sort of sehiclc b;ise tliar scrses as ilie pliilfoi-iii lo1 
niounting the operatin? hai-dwat-c i i i ? d  i~rosides the niobili~y 01 the u n i t .  I t  is (lie i i i [ e~ . i i~ t i~~ i  
between the carrier veliicle and [he :round that causes niosr of. the impact to tlie site. The 
characteristics of carrier vehicles are generally independent of tile operating equipliient they 
can-y; and thus can be discussed iiidependentl y of (he functions they perforni in the lia~-\~est in: 
operation. 

Low ground pressure vehicles lire general1 y recomi~iended when operatin? in RMZs. 
Reducing the pressure applied lo the soil limits compaction and rutting_ which can decrease 
plant growth, adversely affect surface and subsurface water movement, and accelerate 
erosion. Rubber-tired carrier veliicles for harvesting machinery are still by far rile most 
popular option because of their proven performance. productivity. lower purchase and 
operating costs, and flexibility. However, tlie negative side of conventional I-iihhei- tired 
machines is their propensity for 1-utt~ng and site damage. 

Many studies have looked at the use of ru bber-tired foi-esi harvesting macliines. pi-iiiiar-i l y 
skidders, and documented the rutting potential of these machines (Koger et al. 1983: Sirois 
and Hassan 1985; Muroshy and Hassail 199 1 ). Reisiriger and Aust ( 1990) revie~:eii several 
studies that investigated the feasibility of using wide and dual tire set-ups on skidders and 
found that most studies concluded rhat these tires do have the potential to provitfe better 
flotation and improved traction. However, use of these tires niay still damage the site i f used 
ioo long into the we1 season. Skiddcrs equipped with dual tires have been found lo be :I iiiol-c 
acceptable and less expensive alterniiiive to wide tires (Rulnmer er a 1  1997). Contl.;ictors alstl 
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have f he flexibility ott-ernoving the outer tires when soil condir~ons are dry enough to operare 
without the dual tires. 

Before the devcli,pn~cnr of rubber-tireci skidclers, tracked machines were the riiosr 
co~nmonly used gi-ound skidding equipment. Lower ground pressure, increased traction. and 
reduced site c1isturb;tnce are st i l l  advantages of tracked machines. Disadvantages include 
iowcr produciivit) ; ini f  iiighcr- operating and ni;ilnlenarice costs Tracked rniichincs used 1i-1 

loggifig ;ire typically inachir1t.s designed for coristrlrcriori uses iind niodified for forestry use\ 
Typical crawler tr;Lctors itnd excavators are the n1;ichines generillly adapted to forestry use\ 
Many crawler iractors, rogeiher with ti winch ant1 logging arch. ;ire seen in use as skidden. 
quite ofren on sleep ier-rain \$there the inhereni stabiliiy of the cr;iwler tractor is an advanrage. 
or- on wt't sites wtwre the lo\ver ground pressures aid trafficubilit> 

EXC;~V;~[OSS haw co~n~iic~rily been adapted to use as feller-bunchsrs. The inherent stabili~? 
ot  ~rackccl escirv;iti)i-, the long reach of ihi. boom [hat nlinirr-iizes the need to riiove the 

~i~ac l l i r~c  ict eac11 trcr to be f'ellccf, anci the low gi.ound pressil;.es everted by these machine.; 
1t1;tkc rtic~ll rtatu~-;ll clioiccs ['or feller-bunct~or-s. Thc success ~tchievecl with nioclifieci 
constl.uClion c : sc ;~~~;~~or-s  in t'trrcsri-y uses hiis lecl ro the tlcsigi~ ;ind cfeilelop~~terit o f  ;i nrii 
"~r~cr-;ilii,il of' 11-;~c:hr:il I-otitlin3 platfor-m rn;tchines spccii'icall! t o r  forestry (Fi~uf-e  15. ). 

Figure 15. I Typical feller-buncher utilizing a tracked rotatins plattomi carrier designed f o r  
forests): applications. 
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An inherent problem with this machinery is the wide rail (back end) of the rotating platform 
that extends outside of the tracks, making i t  di fficuit to operate in nanow corridors. Recent 
developments have led ro "'zero tail swing" machjnery where the entire rotaring p l a f o m  is 
able to stay within the width of the tracks. 

The low speeds and high maintenance costs of steel track crawler tractors led to the 
development of flexible track machines intended to increase speeds and lower costs while 
maintainins the advantages of tracks. Stokes ( 1988) found that flexible track machines were 
commonly used in skidding applications in  wetlands in the South. Skidders with flexible steel 
tracks senerally have a front-drive sprocket ( in  contrast ra the rear-drive sprocket rigid track 
machines) that I-educes track tension. 'This allows the track to conform wrth uneven ground 
conditions and provides better traction and lower- ground pressures. High initial and 
maintenance costs have limited the use of these niachines, but the concept is still viable. 
Major niariufacturers ha-ite introduced tractors wirl~ rubber tracks. These nlachines are 
currently being used in  agriculture, but the potential for forestry use is significant. 

The development of forivarder technology to a tiish level of sophistication in Scandinavia 
over the last t\vo decades has led to the availability of iinothcr alternative for car-rier vehicles 
in forest liar\:esting machines. The fot-warder- chassis has become the can-ier- oi' cl-ioice f'or 
several hart est niacl~ines. ~iotably l1a1-vesters tl~at rise rile forwarder chassis for- r-riot-tilit)~ :tnd 
will attach ii har\fester head to the boom for fellin? processing. The tr-af'ficability of' the 
forwai-der chassis, pa-ricui;ir-ly rhose ve1-siotis tlirir lia-iic double-axle bogie u~heei assemblies 
either on just rile rear (21- on both front arid rear- axles. is extre~nely lood (Figill-e 15.2). The 

F~gure 15.2 Double-axle Bogie asseri~bl~es on a clam bunk skidder. 
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 loti^ ~ I O L I I ~ ~ ~  ple\\ure, low \peeif. and h ~ g h  load c,lpaclty ot t h r \  c e~ inb~n~~ t ion  inake ~t e\pectally 
\ccI l \u~rcci t t t  harvest opeIarlon\ o n  \en\rrrvt. \rtc\, \uch .i.z I ~ ~ L I I I C U I  .II-CI\ 

Felling Equipment 

"ic~.Ii;tr~i/cci tkilir~g is used t'oi- it tar-ger percentage of  wooif pmdlicriorl each year; the notable 
cuception 1 0  rl-iis trend is hand felling larse tin~bcr- ctn htecp ter'iain. Mechanized felling 
~~~e~f-rocfs  itre \:if'er,  nor-e prctciuctivc, anti permit better- inrc~1-ittion with the other components 
of' 113odel-n. zcncrally fully niecl~;tnized. h;ir\:esti~~g opcl~-;irit>;i~. Various designs of shear-s, 
chain sit\\\. atld circc~lar saw5 have been incur-poi-~trcd info commercially available 
f i . l ! i n ~ ~ u r ~ c h i ~ ~ g  heads. For harvesting neltr reel-eatioii;ll at-eas c?r- home sites, the felling head 
~iioulrl bc scltlcteti to rnii~iniize [lie noise cr-eatecf rn the tcliing operation, as u)ell as the 
likelihood of' rile felli11g hc;id throwins debr-is ;I si?nif'ic:iri~ ~lisr;lriccl from the machine. A 
I I -  I I  ; t w  ur~it will gcncr-;illy cjpcr-arc n ~ > i - c  ij i1i i . t  I! will: Icss chance of thi-ouling 
~icl31-is [h;ttl ;I cii.cuf:l~- sit% unit. 

-T'hc nlokr \iznif'icarrt con\icicr-;ition 1.01. ri-rcchiirl~t:id {dl I I I ~  t-rlxu-i~t~i ;i~-e;ts is the carries 
1 c l ~ ~ c l c  o f '~hc  t j i - r i f .  li~~bber--[if-ccl t'cller--h~r~lcI~cr-s art. ~ C I I C . I - : I ~ ~ !  cor~.z~cict-cci to be fasrer- movinz 
il~achincs \\ i t11 lowei- initial ; I I I ~ I  oper-;i[ins costs thiin otl~ci- I i l t e~ - i i ; l t ~~~s .  However, rubber-- 
~ I I - c b c i  I'cI let--b~rncller-s ger~er-ally hitve l'isecf t'ellirlg hc:rtt\ t l i i ~ r  i t'clrrir-e the113 to cii-ive to each tree 
ro t3c tClItfc1. This neeci to dl-ive to each ti-ce ;113ci (tic ilccci ro niove r~tpidly to maintain 
pi-ociucrior~ sates raise the possibility of- signit'icarlt clistlri-t,;~ncc ucross the entire site when 
I-ubber-tir-ect feller-buncher is ~ ~ s e d  on soft ground. Resiii~iiil stancl tiamage is also more likely 
;I.; the n~tchinery moves back and fosth throuzh the starlci. 

Tracked swing-to-tree feller--buncher-s are pr-eferreci when site disturbance is a major- 
t.c,nsicierittio~-r. such as in a riparian area. Although more costly and slower moving, this type 
01' f.ei lei--bur~cher can fell several trees fron-, one location. I - exh  into sensitive areas without 
clr~tering thent, and pile wood away from the water body. all of which will help mininlize the 
;ti-ea impacted. These machines can also be quite pi-oductive because travel time is 
rninirnized. Some tracked feller-bunchers have been developed to operate on slopes up to 
i O % .  The lower ground pressure they exert and the smitller percentage of the site being 
rr;rfficked are significant advantages for these rnauhines i r ~  r.ipari;tn areas. However, reciucecl 
ioil disturbance may make i t  n-rore difficult to establish species that sequire soil scarification. 

Extraction Equipment 

K~rbbcr trred \kidders are \ t i l l  the most common nte,tn\ of rrtov iny wood from the sturnp to 
,I landing. Cdble sk~dder\  arid gr-apple hk~dders are boih w~iiely used The cable skidder, rn 
13.1rticular. ha\ s~gi-rificant advanrages on d~f f~cul t  site\ hrc,ru\t~ ~t can be kept out ot'sens~tive 
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areas and its winch can be used to pull wood to the machine. This feature can be used ro limit 
the area trafficked, thereby reducing impacts. A cable skidder can also drop i t s  loacf when i t  
bogs down in difficult conditions, then move ahead and winch the Ioad illrough the dif'liculr 
area. 

Gable skldders rend to be narrower than grapple skidders, making them more maneuverable 
and reducing impacts to residual trees. They are also better suited to staying on designated 
trails and working in steeper terrain. Alternatives to wire rope are being examined to help 
overcome problems associated with operator fatigue when pulling the citble over distances 
longer than about 50 feet. 

Grapple skidders are generally more produclii~c than cable skidder~ wfien ope[-aiing 
conditions are favorable. Their advantage comes 1'1-orn the operator not ha\ling to gct down 
from the machine to secure the load. Grapple skidders also tend to come in much la1-3er sizes, 
which uridcr- tlie proper- operating condirions, leads to greater production I-ales. I n  either case. 
the t~-afi~cab~lity of the skidder in difficult conditions can be greatly irnpr-oved by tlie use of' 
dual or \i,ide  ti^-es as discussed earlier. Grapple skidders are not I-econ~~nendcil for use on 
steep slopes because of stability and safety concerns. 

Skiddir~s. by def'in~tion, involves dragging tr-eeh o r  logs across [lie 31-ountl. Wher-e sire 
disturbance is ~1 11ia-jo1- concern, for-war-ding ]nay be i t  good alterrlatit e. Fog-~~ar-d~r~g consis(s 
of' carrying tlie wood, usu;tlly in the form of cut-to-length logs or pulpwoctii. olir 0 1  tlic stand 
on the back of a li~acf~ine. Site disturbance {'I-on1 tlie wood dl-agging or1 thc 21-o~iricf is 
eliminated. a cleaner pl-oducr is delivered to the litnding, and landing size ~-eq~~iret~ier i is  ar-e 
relatively small. On rhe negative side, a f-01-warder can create greater :round pi-essure, whicli 
increases the potential for soil compaction and rutting. An additional disadvantage is that 
conventional forwarders traffic more of the area than a cable skidder. This et'f'ect is 
sornewhar offset by the forwarder-'s ability to inove the sarale voluriie of wood in {'ewer trips 
because of larger average load size. 

The soft ground and steep terrain in riparian areas, can make aerial exrraction systems a 
viable possibility. Skyline cable yarding is an extraction system uniquely suited to harvesting 
timber on steep slopes and unstable soils (Baumgras et al. 1995). In its simplest fonn, this 
system uses a parder with a tower and two cable drums. One cable is a skyline that is strung 
between the tower and the far end of the site where i t  is anchored to a holding point such as 
a large tree or stump. A carriage runs along the skyline and carries the niainl ine with chokers 
out to the logs. Logs are pulled into the yarder by the mainline. The main advantage of this 
system is that heavy machines do  not traverse the site. and the need for skid trai Is is reduced. 
Steep terrain in riparian areas can be beneficial to tlie operation of a cable yarding system, 

providing the change in elevation needed to get good deflection, or l i f t .  on the cable system. 
Helicopters are also a technically viable harvesting system for riparian areas. The system 

is very expensive to operate, but causes virtually no site disturbance. High timber values or 
high values on other resources such as water quality or aquatic habitats are required to justify 
helicopter logging, and the planning and logistical support for the operation are critical. 
Balloons. another option, have not been widely examined. Also, watking machines are under 
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clevelopmeilt and may soon be used i n  [he wood\ Because extraction and transport 
equlpnlent L,ln cause both on-site &rid ~ r i - ~ t i ; l r ~ ~ ~ e l  re4ourte darnage, ~ t s  u.;e requlres dillgent 
planning. 

rl-;iclitioi~;ill!l. processing functions such as tiel iinbing. loppin3. and bucking were done with 
chiiln s;lws. either at the s tun~p  or- at [he 1;intfing. The [rend toward nlechanizalion has 
re\i~ltcd in rii~ichinery to hilsldle these functions. Excep; for cut tolength harvesters that 
process harvested trees at the stump. inost of the niecti;lnlcal processing equipment is 
designed lo ivork at the landins. Delirnbers. sl;ishers. ;mi whole-tree chippers are intended 
10 tw Iiirltfing-based machines with the t'clicti tr-ees hroi12ht to then1 fr-0111 the stump area, 
iicr~er-ally b!; skititlers. Soine cornbinatioll of f.eliei.-bu~ichcrs. skidders. ro;~dside deiin~bers. 
;tilcl slashci.\ is the most conilttort 1.11 11-tscc I~ilr-vcst~i~s i! stei1I cul-i-entl y in use. A major 
; ~ I i ; ~ n t ; i ~ c  ot thix type 01' 5ystc111 I.or I ) ; I I - \ c \ ~ I I I ~  \er~\ii i i .~,  k11cs is that rniich of' the opel-aiion 
I ,  dorw t t ~ c  Iii[~ciiilg r-iiihcr t t i i in  t t ~c  \tump ;irc:~. \ v l ~ i i , h  I, [lit ~ I J - C L I  IIIOSI villnerable to L I ~ C  

tl~iiitrbiiitcc Disadvantages ;ire rhat t till-ti-cc ih ic ic i inz  c'ii-i incrmse site and I-esidual stancl 

ili\i~~i-b;~ncc ;tnd results irl nuti-ici~ts bci~ig t,ihc'11 ol'f-\tic'. f-i.iil-trc~ skicitiing;~lso rernovcs ~ I S I  

\ O L I I - U ~ S  01' coarse woociy dchr-is fr-or11 ~ l ic  r-ipiir-I;iri 111-t';~ 

-l'llc otl~cr conliilon conl‘igui-at ion f.01- r ~ i cc I~ ; i t~ i / i i ~~  pi-iici'hslilg functions is in coiiibi~~;i~ior~ 
i\,i!h IklI ins iri ;I i1;trvcster. A il;trvestel co~~~h i i i t ' s  ihc Ii~nci io~is 01. f.eiIinf. (Ieliinbinf, toppi~~g .  
;111d buckin: into one machine. A h~il-vester c;ln be built onto a 1-11 bber-tireti or tracked carrier. 
rigiclly 1noi111 ted to the froni of I tic carrier. or boo111 ni~i tntc~l  o n  the carrier. Regardless o l  the 
i,onligl~i.;liiorl of. the h;lrveste~-. the I-esiilt IS t~;~~-ves~cci ti ood that is delirnbed, cut-to-pr-oduct 
Icii~[Iis. and piled in the stunlp area. A \iyrllfic;int adv;irit;ige of harvesters for working in 
\cnsiiive ar-<;is is their iibility to dcposii the cleiililhing residue they 2ener;ire in front of tlic 
ltliichinc and thus build a slash nu t  to tr.;riici on. This i~ipability can greatly reducc site 
clisturbance and rutting. Forwii~-ders ;\re ~eiicr-;illy used to collect the processed wood and 
ir;trispol-t i t  to the landing or ror~tlsirle where i~ c;ln be pilcci or loaded direct1 y onto haul trucks. 

Harvesting Systems 

R~.gi~t-cile\\ of the individual pleces of equ I piiler~l tnvoI\ 4. the total harvest system needs to 
hc 'lblc to i irnctlon as a whole, prociucrnp ~ s o o d  product\ iil an economrcally efficlenr manner 
iihilc p~otccting the divci\c liinciton\ .111c1 il.ililcr iil the cco\ystern (Stokes and Schilling 
7 W i r i ~  the contlnulng trend towilrtl iilc [ca\c.d iiieih.ii~iratior~, most harvest systems u5ed 
111 the ~lciir future will likely be \omr vnri~ttton ttt the f t ~ l l  tree system or a shortwood cut-to 
Icngth (CTL,) systeni. 
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The full-tree system conststs of feller-bunchers, sk~dders,  processing equipment such as 
delrmbers, slashers, and whole-tree chippers, haul trucks, and support eyulpntent. Selectron 
of specific equipment will depend on several factors such as species and size of trees being 
harvested, size of harvest areas, products, productton levels. terrain, soil type. and ground 
moisture. General advantages of full-tree systems tnclude (Glngras 1994): 

Full-tree systems can efficiently handle a varlety of tree rrzes. 

Tlle indiv~dual macttlnes in full-tree systenaq are scnerzilly mechanrcally simpler. 
which leads to less down tune. 

Owning and operating costs are generally lotiter for full-tree system5 becaux Ier5 
lab01 I(; required and production is htgh 

* Operatton of the rnach1ne5 in a full-tree sy\tern ir clnlplcr. thus requiring le5s operato1 
trainin? a t~d  quicker atta~nment of niaxin~uni productli ~ t )  

The C I  L cystem cor1515ts of pairs of har-vc\ter\ 3rd  forwarders fnatctied ro tf~eir 
prodi~ct~ve capac~ty Selectron of harve5ter i;pecif'rc,itron~. \uch a5 cuttrng capaclry. can bc 
furthei ref~ned lo rnatch the machrne wtth the ava~lablc sia~-id\ ro he harvested. optrmtzing use 
of the technology. General advantages of the cut to-length systenls ~nciude (Richrttdsorl and 
Makkonen 1994): 

CTL systerns can efficiently work small tracls because there are only two machines 
to moire between jobs, and minimal landing space is required on small sites. 

The CTL system is well suited to partial cutting because i t  processes the harvested 
trees to shortwood lengths at the stump, minimizing damage to the residual stand. 

The CTL equipment works well in wet areas and on sensitive sites because of its 
capability to work on a slash mat it produces as i r  moves through the stand. 

* Forwarders can economically work over longer distances because of the larger loads 
they can carry, reducing the needed road network. 

Well-defined skid trails do not have to be created The trails that are used clan be 
narrofi and meandertng. 

Decking areas smaller than typical landings can be used along the roadside 

The CTL system facilitates product sorting and merchandising. 
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Special Equipment for Riparian Areas 

Working in many ripartan areas requires crossing streams or wet and weak soils. The 
crossing should minimize the potential for sedin~entation as well as the obstruction of 
waterflow and the moveitlent of aquatic orzanisn~s. Temporary structures are most often used 
10 t.~icilit;ite rhese crossings and protect the environnteilt. Uiinn et al. ( 1998) provide a review 
o f  these technologies, which can be ciiviclccl into temporary stream crossings and wet area 
c ross in~s  (see Chapter 6 for culverr s i z i n ~  recomniendarions that allow spawning fish to 
pass). 

Temporary Stream Crossings 

Avoid crossing intermittent and perei~nial str-t_.;i~ns whenever possible becat~se these locations 
;it-c the nmst vulnerable [o bar-vesting Irllpaith o n  water cluitlity and aquatic habitats. Where 
;tvoitlance is not prnct~c;il~ the nunlbcr- of c-~.ossiiig.s iho~ilcl be kept to it minimuni. Stream 
crossing options inclricie f'or-cis, culvc~-15. i t i lc l  [cinpor.;~i-y bridges A permit may be required 
in some states to cross some or all pc.r-ei~rti,~I ;~i-rcf/or ititerrnittent stre;lrns. Check with the 
;~pprupri;~te regulatory o r  i~aturikl r-esour-ct: :r~r:ncy before establishirlg any stream crossinz. 

Fords 
A ford is ;l crossing where veh~cle\ cli lvc d~rcctly th rou~h rhe stream They are Inexpensive 
to inctall and can result In minimal irnp,i~t\ t i  lien co~tstructed, used, and ma~ntained properly 
Fords should be used only for short-term o r  infrequent access A locat~on w ~ t h  a low flow. 
3 ftrm base of rock or gravel. and a gentle slope with lot+!-banks IS best for a non-fro~en ford 
Placement of suitable bclse i-riater~al\ m.ty be necelury i f  no adequate natural base exist\ A 
trench should be excavated to hold the 'tdcied base material so i t  does not extend into the 
normal channel cross section area, constrict flow, and induce bank erosion at and below the 
ford s ~ t e  Sedlment from excilvation I \  nilnor cornpared to the everyday sedlment produced 
from blocking the channel cross secrlon C : h e  .k t  led\t \mctll cobble rnater~al or rnaieriitl larger 
than that found on point bars (an ~ndica t~on  of whar the strearns will cctrry at banhtuil flow\} 
Logs, brush, and soil should not be used 1r1 ford crossing?, because these materlals may be 

carried downstream during htgh flow per~od\.  causing \edimentat~on and/or obstruct~ons In 
the stream channel. Fords should not be con\tructed durlng fish spawning, incubation. or 
nllgration 
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Cufverbs 
A culvert is a structure (usually a large pipe) thar allows the stream to flow uncle9 the road, 
Culverts are recommended for some locations where a ford is not, such as streariis with steep 
banks, streams with a soft base, or areas where frequent or extended access is required. The 
primary disadvantages of a culven include sedimentation during placement and reinoval, the 
potential for the culvert and fill to wash out during high stream flows, and the need to 
frequently maintain the culvert to avoid blockage Care must be taken to size the culvei-t 
properly to acconimodate riornial high-water le\fels (see Chapter 6) and to ensure that i t  
extends to the toe of- the fi l  l slope. Cover the cul\ier-t with ar least 12 inches of I-oad base (24 
inches is needed ro ensure pondin: water upstream of the road for the 25 to SO-year events 
and avoidingroad washout). T l i i h  depth minimizes damage to the culvert during miiinieni~nce 
of tlie road surface and distributes the weight of passing vehicles. thus preventing crushing. 
During installatioii. coinpact l i l l  properly to rniniriiire seepage of water througll t i le subgl-;ide. 
Place the culvert deep enough in the stream channel (about l/6 of the culver-I d~ametel-) to 
prevent perching which can obstl-uct fish migration. 

Temporary bridges 
*13eiiiporary bridges pr-oijide ;it1 excellent means of crossing a streurn witlroui dl<lui-i,ii~g the 
strean1 channel (USDA FS 1997). They have beeti built of timber (riative loss oi- li~iiihcr). 
polyvinyl chloride (PVC) or 1iigl.r density polyethylene (HDPE) pipe bundles. \tin\%. or ice. 
steel, pre-stressed concrete, reinforced used truck trailers, and used railroad fia~bed cars. We 
recommend orlly the use of bridges that have been engineered to safely carry [lie intended 
load. Bridges are con1rne1-cia1 1 y available in a variety of lengths and cai-rying c:ipilci t ies and 
should last for many years. Although some of these bridges are expensive, tlie f';tct thar they 
are reusable brings the cost per use down considerably. 

Bridges should be placed on appropriate abutments to help level the siructure. to minimize 
disturbance to the streambank, and to make removal easier (MNDNR 1995). PVC or HDPE 
pipe bundle crossings function best with geotextile underneath. Geotextile is a fabric lnai that 
allows water to drain through. provides additional support to the crossing. and provides 
separation from the soil, facilitating removal. A frozen streambed or a snow and ice bridge 
may work well in the winter in some areas. 

Temporary Crossings for Areas with Weak or Wet Soil 

Many access roads and skid t ra~ls  must cross soils ivith poor bear~ng capac~ty ir g . p a t  and 
wet clay). W a ~ t ~ n g  for the 5011 to freeze or dry IS often not an opt~on The liaulli l~ and 
placement of fill to stiibll~ze these areas can be expensive arid may negatively I 1-i.rpac.t them 
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Several alternative methods for crossing these areas are availi~ble. Most of these options 
function best with a nori~voven geotextile tinder them. 

Corduroy is a mat formed f'rom logs, sawmill slabs, or brush placed across the wet area. 
I t  is a comnlon method for crossing soft soils because the material used is nonnally abundant 
and found on-site. Expanded metal grating can sometimes provide adequate support for 
crossing soft soils, and i t  IS  relatively cheap, reusable. and easy to handle. Other reusable 
crossing oprions include wood mats, wood planks. wood pallets. and lire mats. Most of these 
options can be buiir f'rorn lociil materials or are commercially available. Although some of 
these options are expensive and bulky, all are reusable and provide sumnier access at a much 
lower cost than building a permanent roaci. 

For any of these options, the surface should be flat (masinturn-grade of 3%) and free of 
high spots (e.g., stuntps and large rocks). The length and width of the various options should 
be sized to meet anticipated loads, soil strength. and installation equipment. On very weak 
soils with io~v bearing strensth ( e . ~ . .  muck and peat). the optiori used may need to be longer 
;ind wider than usual to spread the weight over a larzer surface area Most options are best 
suited ['or use. with hauling ;\rid f'orwartlirlg operations because skirlciin~ can cause movement 
and increastcf wear. of' the crossing mitierial. 

Conclusions 

Forested riparian areas are high1 y productive and a valued source of wood prociucts and many 
other resources. tfarvestins operations in riparian areas must protect and even enhance the 
resource functions and values of the riparian zone. Minimizing disturbance is the primary 
objective when developing strategies for harvesting operations in riparian areas. Operational 
guidelines. comrnonly called best management practices (BMPs), have been developed in 
most states to provide prrtctical guidelines for protecting water quality. BMPs may also 
provide some level of protection for many other riparian functions and values. Well- 
developed harvest plans that apply BMPs and timber sale provisions are needed to protect 
riparian resourcescwhile recovering forest products efficiently and cost effectively. I t  is also 
important to meet with operators on-site before harvesting to make sure provisions of the 
harvest plan are well under-stood. In addition, active supervision during operations i s  critical 
to ensure that the plan is being properly implemented. 

Ground-based equipment will be the basis of most harvesting systems used in the 
foreseeable future because of its productive and economic advantages. However, ground- 
based systems also have the greatest potential for site disti~rbance and associated degradation 
of riparian resources. Proper selection and use of equipntenr features that can lower site 
impacts, such as wide or dual tires, flexible tracks, and double-axle bogie wheel assentblies, 
will be essential. Decisions about specific equipment and 171itigrition strategies to apply must 
be made on a site-specific basis, considering site conditions, landowner goals. silvicirltural 
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requirements, econornlc ~mpllcarlons, local regulations, and anr~cipated slte and stand 
impacts Opportun~tie to reduce mipacts should be fully employed wherever posslble (e g., 
designated s kid-tra~ls or tak~ng advantage of frozen or dry ground). Al tematlve harvesting 
systems, such as aenal cable systems, helicopters, balloons, and walking machines, should 
be further deveIoped to take advantage of their low impact nature in an economicalIy effective 
manner. 

Operating equipment on frozen soils, whether organic or rnineral. ~ninin~izes soil 
compaction (roadside loading of black spruce harvested from a frozen pearland 
in northern hilinnesota). 
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Protective measur-es like this instaliat~on o f  silt fencins actively 
recognize the link between 1lr;lvy equ ipmerlt operations and fishins 

Caught anci eaten! I t ' i  the fishing! 


