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Foreword

Woody biomassarvesting isa developing industry in its infancy. As world petroleum prices rise,
alternative energy sources, such as biomass from our fosdstsecome more utilizedHarvesting
woody biomass is similar tearvesting pulpwood. We expect new equipment and methdus to
develomdas demand grows, but in the beginning most harvesting will occur with equipownas we
now use Currentlywe believe woodybiomass harvéimg to be economically feasibtely when
combinedwith sawtimber harvest

This booklet has e prepared to inform forestwness, loggers, foresters and other interested persons
about woody biomass harvestibgst management practidgViPs). These BM®&provide
recommendatiogdesigned tgrotectthe forest that the citizens of M@sri rely on for jobs, clean air and
water, diverse wildlife habitat, scenic beauty, outdoor recreation and tourism
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Introduction

Missouri is one third forest covered and several counties are over 80 percent fohe$éet, Missouri
ranks seventh of the 20 northeastern states in the amount of forest cover. The forests of the state contain
some of the finest oak, walnut, pine and redcedar found anywhere.

Benefits from the stat ed e mdnpeacaantcsenviranmental ant sociad u s .
benefits. They protect the soil from erosion which keeps streams and rivers clean. They filter air, soften

the extremes of the weather and add beauty to c
tourism industry is centered in the forested regions of the state. Forests are a diverse resource of plants,
animals, birds, and other life forms.

Forest products are important to Missouri. Harvesting and processing trees into wood products provides
moretharB1, 000 jobs and contributes over $5 billion

Bioenergy from wood has been getting a lot of attention. There are several possible uses for woody
biomass (examples of woody biomass are tree tops, small diameter treesl) bogs$). Electric and heat

can be generated out of burning wood chips through different technologies to power generators and the
use of stam for heat. Cellulosic ethanol can also be made out of wood.

This book provides best management practices (BNiiPlandowners, loggers, and foresters on
harvesting woody biomass. Since all trees can be used for energy it is important to properly manage
small diameter trees for future benefits and the sustainability of the forest. When in doubt of what
managemeno implement in your forest there is still no substitute for a professional opinion from a
forester, wildlife biologist or a private land conservationist.

A diverse group of stakeholders and professionals met several times to identify issuesriabréaat
to Missour.i forests. Al | participants felt a s
individuals developed the best management practices in this book.
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Sectionli Forest, Wildlife, and Soil Management

Woody Biomass Harvestingi General Recommendations

Dramatic increases in petroleum prices hamilted in greate¥mphasis othe
need to developlternative energy sources, including woody biomassody
biomass can be harvested to create many different pragludisas firewood,
charcoal, bieoil, ethano]andeven gasoline As we move into this new eraitis |- E
important to practice sustainable forest management during woody biomass ; o
harvesting. Théest management practicgMPs) in this documerdre intended {3 :
to helpforest owner@ndloggers carryoutwoody biomass harvestinging 3
sustainable managemeaathniqueghat will protect our valuable natural
resources

The recommendations below are gethe Please refer to specific sections related to your question or area
of interest.

RECOMMENDED BEST MANAGEMENT PRACTICES :

e Beforeharvesing treesawritten management planshould be completed bymofessionaforester
that addresses all of the nalfeatures and the forestw n eobjéctives.

e Logging crews should always be requireddibow BMPs in a written salecontract.

e All harvesting should be done at a timahen soil isfirm to minimize ruttingcompactingand
erosionwhich damags the soil andreduces water quality.

e Damage to crop/leave treegeft to grow should not exceed percentoy number.Excessdamage
mayresult in insect or disease infecti@ading toloss of volume, quality, and value

¢ In thinning and commercial harvest#h a chainsaw retain a minimum of M of the harvest residue
(tops, branches, ejoon site distributed throughout the harvest arda thinning and commercial
harvestausing a feller buncher or otherechanized harvestdeavewm of treetopdrom sawtimber
harvest andy, of the typical sie small trees cut on the sitdistributed throughout the harvest area
o Limited knowledge exsabout nutrient recycling as it is related to woody biomass harvesting on

Ultisol soils in Missouri; this BMP is subject to change as more research is cauted o

¢ Woody biomass should be harvestedt the same time as sawlog timber to avoidmey. This is
also the most economical approach.

¢ Whenharvesting woody biomass in saplingsizestands(5 inchesDBH or less) identify a
minimum of 200 crop treghealthy treesthatshould be leftscattered uniformly per acom a spcing
of at least b feet byl5feet

¢ Whenharvesting woody biomass from polesizestands(5 to 10inchesDBH), identify and retain
no fewer than 150 crop tre@sealthy trees that should bkedt) distributed uniformly per acren a
spacing of at leastZby 17 feet

¢ Any thinning operation in a sawtimber-sized stand(11 inchesDBH or greater) that produces
woodybiomass will ideally leavbetween 8aL00crop trees per acre scatterguformly throughout
the standtree spacing of approximately #etby 21 feet).
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Use of prescribed ire after a woody biomass harvesfor site preparation can causerosion if not
properlyplanned and conducted. Omdyofessionaforestes and widlife biologiststrained to use fire
in critical habitats shouldttempt thigoractice

THINGS TO AVOID :

High grading harveststhat take the best treaad leave onlylefective, deformed trees and
undesirable specig¢such as elm and hickgryo grow the nextorest

Clearcutting should be limited toonly prescribed acresin awritten forest management plan.
Converting natural forestsinto tree plantationgastureor other nordforest usenatural forestare
healthier provide more wildlife food and habiteand may sagester more carbon

Allowing oil, hydraulic fluid, gas, or other chemicals to soak into soil or enter water bodies.
Maintainingequipmenwill prevent leaks and save money

High Conservation Value Forests

High Conservation Value Forests (HCVF) areskiswith an especially high
ecologicalandbr social valughatprovide the conditions needed to support
rare or uncommospecies.They are more valuable for the number of
different plant and animal species they support (biodiversity) and the
ecologicalfunctions they provide than for just the timber that they can
produce. Examples of HCVFs in Missouri include forested zones along
streams protecting water qugligladessinkholefens, andvetland.

Groups of species, called natural communities, retyuteccur together under specific condits. The
HCVF providesa wide array oftlifferent conditions anthus, the highest biodiversity.c&logical
classification systemcontainlists of plantsand animal$ound in each natural communigong with
mapsidentifying where they are likely to occur. More information about natural communities,
particularly those having high conservation value, can be provided by contaptiofg@ssionaforester a
Missouri Department of ConservatioMDC) Private LandConservationistor a MDC Wildlife
Biologist.

RECOMMENDED BEST MANAGEMENT PRACTICES :

Before harvesting conductan on-site survey and evaluatiorto see if there are any natural features
or unusual wildlife and plants thatayneed special care or protextiduring the harvest.

Look for:
0 Unusual karst or geologic features.

o Types of wildlifeor plantsyou rarely see or have never seen before

0 Large nests in the tops of trees, especially near water

o0 More than the normal amount of very adlargetrees

Even if athreatened or endangered specids present, a welllesignedand supervisetlarvest may
bepossible and may even be used to improve habitat for the species

To be certain about the presence or absennatafal features of high conservation valugconsult
aprofessionaforesteror wildlife biologistprior to harvest
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THINGS TO AVOID :

¢ Damagingspecial or unusual habitatsby careless logging.

Wildlife ,

These guidelines focus primarily on wildlife tHates in forested natural
communities. The wordfwildlife 6 brings to mind animals or birdkat
people ardamiliar with, but it includesnany other less well known
species Maintainingdiversitypromotes stability within the biological
community protecting wildlife from stresses like food stege and
diseasejustasa diverse economy is more stable than a single industry
economy.

Wildlife diversity begins with plant diversity. Trees are plants and all native trees benefit wildlife in some
way. Oakshickories, persimmon, mulberry, hackbge dogwood, serviceberry, pawpaw, black cherry
and black gum are all common wildlife food trees in Missouri, but oaks aradieimportant

Acorns areghe mostritical winter food supply fowildlife in forested areas. Theare two groups of

oaks n Missouri, the white oak group and the red oak group. Acorns in the white oak group ripen in one
growing season while the red oak group ripens in two years. This reduces the chance of complete acorn
failures, although it occasionally hapgemcorns ae occasional food fanany speciesf animals, even

foxes and channel catfish.

Forest owners should consider the effeictder/woody biomass harvestiegn have on all animals and
plants thaexistin thelocal forests Harvesting woody biomas#hile maintaining or improving the
biodiversity of natural communitigs asignificantchallenge.The adviceof experienced resource
professionalgan help foresbwners achievéhese worthy goals

1 NOTE: These recommendations may not match those in atfcéioss and are intended for situations
where wildlife is given higher priority

RECOMMENDED BEST MANAGEMENT PRACTICES :

e Contact a wildlife biologist or professionalforester to helpdecide which trees to leaaad which
trees to harvedb enhancavildli fe habitatin a way that meetgour personal goals and values.

e Leave trees of various sizesnd speciedor mast productionespecially oaks

e Loggers should usdirectional tree felling to avoid damaging soft mast trees suck@gpvood,
cherry,mulberry,and persimmon.

e Create ggradual transition from areas that at® beheavily cut to areathat are to béightly cut.

o An abrupt change results in what is known as
narrow strip, whieht hedgelbes widiifetd reest and spread ok i f
naturally reducing losses to predation.

e Consider leavingravel lanes forwildlife in clear cutsf the harvest area is wider th800- 400feet
or is larger thad0 acres.



e Smooth and seed logging deskmain skid trails, and haul roadswith green browséood plot
crops (see Tabls).

THINGS TO AVOID :

e Harvesing without anyconsideration ofvildlife needs

e Usinginvasive plantssuch akudzu and Sericea lespedeza for cover crops after harvesiody
biomass Native plants are more useful to native wildlife.

e Cutting all soft mast treesthat produce wildlife food

Den Trees and Snags

Den trees are standitgllow trees witha hole forwildlife entry.
Theyprovide homes and food fananyspeciesincluding squirrels,
raccoonsowls, woodpeckers, and wood duck&/hite oaks make
the best den trees because they are-lweg and great food
producers. If all den trees cannot be saaéd, minimum leave
trees with holes high in the tré@benefitmost derdwelling
wildlife species.

RECOMMENDED BEST MANAGEMENT PRACTICES :

e SeeTable 1for specificrecommendations on the number of den trees and snagsleave per acre
based on habitat type.

e If den trees are not presentleave at least/5 acre of tres in a group surrounding at least one large
tree that could become a den tree for every 5 acres harvested.

THINGS TO AVOID:

e Cutting or destroying all den trees and snagsghich will degradewildlife habitat.

Table 1. Snag andDen Tree Recommendationdor Wildlife Management

Remaining Trees Per Acre)

Heavily Forested Riparian Corridor Bottomland Hardwood

Den Snags Den Snags Den Snags
Minimum 3 3 25 12 12 3
Optimum 7 6 25 12 12 3

1 Snags anden treeslOinchesin diameter are preferredhe larger the better.

Coarse Woody Debris

Coarse woody debr{€WD) consists ostumps, dowadtrees and treetops withimbs largerthan 6
inchesatthe large end It provides goodhabitatfor a variety of insects, salamandessakes, and small

4



animalsthat form the lower levels of the food chain. Many predators, ranging in size from shrews to
black bearsrely on the food they find while searching@wWD.

RECOMMENDED BEST MANAGEMENT PRACTICES:

e Coarse woody debris left near prmanent or seasonal watesourcesprovides excellent wildlife
benefits.
e Debris from a variety of tree speciesnd sizesshould be left. In general, bigger is better.

o Inthinning and commercial harvests with a chaingatain a minimum of M of the harveg
residue (tops, branches, ejaon site. In thinning and commercial harvests using a feller buncher
or othermechanized harvester, leaweof treetopsrom sawtimber harvest amgl of the typical
size small trees cut on the site.

¢ Leave as many of the leaas and twigs(fine woody debridFWD) as possibl®n the harvesting site
to encourage nutrient recycling and habitat for seualnals

e Uselong-term rotation agesto provide mast for wildlife.UneveragedmanagemenfUAM) is a
silvicultural management sitegy for thigractice

THINGS TO AVOID:

¢ Removingall coarse woody debris
e Leaving debris in placeswhere it is likely to be swept into logjams that would cauager to cut
around, eroding the bank and reducing water quality

Sustainng Soil Produdivity P

The productivity ofaforest is basedrothe quality of the soil it grows inTrees and r?"‘
plans needsoil to provide a balance afutrients water, air, and physical support. Faol
The ability of the soil to provide these in balapeben neededh thelife cycle, e
determinesoil productivity. AcrossMissouri nutrient levels vary widely Soik
developed irglacial till and alluviumhave high nutrient levelsput mostOzarksoils, §
where most of the forestlarmtcurs lack these high levels of naturaifility. Heavy
or frequenwoodybiomassharvestingcanreducesoil productivity.

Use ofBMPs fortimber/moodybiomass harvesting ismmportantto maintainsoil productivityand protect
water qualityin all Missouriforestands.

RECOMMENDED BEST MANAGEM ENT PRACTICES:

¢ Information and assistanceis available from th& SDA Natural ResourceConservation Service
(NRCS), Missouri Department of Agriculture, Missouri Department of Natural Resources, or
University Extension. Detailed maps of the soils on ywoperty are available from the NRCS.

¢ Identify sensitive areas with shallow soil®r very steep slopes which may be more subject to
erosion.

e Soil needs to be managebased on sitspecificcharacteristics.

e Longterm tree rotations are recommended gncouagenatural fertility. Unevenragedmanagement
is a silviculturalmanagemendtrategyoption that maintains natural fertility
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¢ In thinning and commercial harvests with a chaingatain a minimum of M of the harvest residue
(tops, branches, ejoon site distributed throughout the harvested ar&athinning and commercial
harvests using a feller buncherather mechanizelarvester, leave, of treetopsrom sawtimber
harvest andy of the typical &e small trees cut on the sitlistributed throughout the harvested area
o Limited knowledge exsabout nutrient recycling as it is related to woody biomass harvesting on
Ultisol soils in Missouri; this BMP is subject to change as more reseammimipkted

THINGS TO AVOID:

e Skidding on shallow soils(0- 20inchesto bedrock andon steepslopesgreater than 35%hile
harvesting woody biomass

e Grazing areas afterwoody biomassharvesting; the forest needs t@generatand grazing will
preventnaturaltree regeneration

Section 2- Water and Special Features

Stream ldentification

Identifying the type of stream is importantdeterminehe level of protectiomeeded. Forest ownensl|
usuallybe familiarenoughwith a stream's floypatterns to idetify the stream If the forest owner is
uncertain which type of stream they have, thleguldconsult a professional forester or other qualified
natural resource professional.
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Figure 1. Stream Type ldentification
(photo provided bys o ut h  C BestdManageménsPracticesokle)



Perennialintermittent andephemerastreams areommonin forested watershed€kainandsnowmelt
funnel throgh a network of stream channelslled watershedseeGlossaryof Termg.

¢ Perennial Streams flow yearround and have wellefinedbanks andhatural channels

e Intermittent Streams only flow during wet seasonsut still have weldefinedbanks and natural
channels

e Ephemeral Sreams, or stormwater coursegnly flow with runoff fromrain or snowmelt and do not
have weldefinedbanks or channels.

Ephemerastreamsnostlyflow in the uppeipartsof awatershedollowing rain or snowmelt. Thegarely
carry enough runoff terode soil. However,they maystill wash awayhe litter on top of the soil and
deposit itdirectly intoperennialandintermittentstreams

Streamside Management Zones

Streamside Management Zor{(&MZs)or Riparian Management Zones
(RMZs) are areaslongintermittent angpermanenstreamsand rivershat
are important in maintainingater quality. Trees and other plants in
SMZs are the "last line of defensalowing floodwater, filteing and
trapping sediment to clean the water and create rich bottomland soil.
Streamside Management Zomeguire special treatmentvhen harvesting
timber/woody biomasand conductingther forest managemeattivities
to protect streambanks from erosion and provide shade to cool strea
temperature. The deep, moist soils of many streamside forests provide excellent
growing sites where high quality trees andtbotland tree species can grow.
Cavesgsprings, sinkholes, and lakes are othspecialareas treatelike SMZs.

SMZsarecomposed ofwo parts. Therimary filter strip startsat the top of thevell-defined bankand
runs 25 feet oubn both sidesf the stream A secondaryfilter strip varies in width depending dhe
steepness dhe land. Itis found by multiplyinimes 2the slope, measured by percewf the land
immediately beyond the first 2foot strip. The resulting number is added to &&foot strip for the total
width of SMZ to be protected.

Example:

Percent slope is the riserun x 100. A rise in elevation of 5 feet over a distanc2=dtet is 5+
25 =0.2, 0.2 x 100 = 20%ope If the slgpe of the land beyond the fir85-foot strip is 20%,
multiply 20 x 2 = 40 feet. The total SMZ 25 feet + 40 feet = 65 feet on each side of the stream.

Figure 2 shows an SMZ. Table? lists thetotal widthof filter strips for different slopes. Thesee the
recommendedvidthsto reducethe amount of sediment¢aching streamfsom areadisturbedby logging
or other activities

Note: the exception to the SMZ rule stafgcbviouslyis large streams and rivers with wide, flat flood
plains. These areatould have a minimum d00-foot SMZson each side of the stream



Figure 2. Streamside Management Zones

Whereshouldan SMZRMZbe applied?Streamside Management Zor@<Riparian Management Zones
should be used on alerenmal streamsintermittent streamsndaroundsinkholes.

RECOMMENDED BEST MANAGEMENT PRACTICES:

e For specificcecommendationson harvesting practices iInSMZs/RMZs, please refer to
recommendations und&kid Trails,Log Landings,andForest Roads

e Always leaveat leastm of the typical size treesn the SMZ 1 40basal area (BAYr greateii in
a fully stocked stand of trees during a woody biomass harvest tadt is recommended in most
cases.Logs and woody biomass should be cabled othi®primary zonéfirst 25feej of the
SMZ.

e Use of heavy equipmentlike log skidders and bulldozers, is permissible in SMZs, but special
care is needed (see previous recommendation for an example)

e A harvest planshould be completed before the harvdsshouldinclude specific
recommendations on wdh trees to éave and which may be removed.

e Leavemosttrees on stream bankgo protect the sodndwaterquality. Trees on south and west
banksare especially critical forooling water temperature. A closed canopy should always b
maintained in SMZs

¢ Always useMissouri Forest Products Associatiorprofessionally trained loggers.

e Use of heBest Management Practices fdarvestingWoody Bomassandthe Missouri
Watershed Protection Practidmoklet should beequired in all written harvest contracts.

e Trytoleave a variety of tree species and sizes in SMBRMZs. Special exceptions may be
needed in shade intolerant tree species to regenerate the riparian forest; qumofastsanal
foresterfor assistance

e Use ofprescribed fire after a woody biomassharvest for site preparation can cause erosion if
not planned and conducted properly. Opitgfessionaforestes and wildlife biologists trained to
use fire in critical habitats should attempt this.




THINGS TO AVOID:

e Sellingwoody biomass without awritten contract that includes protectiofor SMZs/RMZs.

e Leaving trees topsfrom harvesting activities in water. Naturally occurring trees and tops in
water provide enough habitat.

e Permittingwildfire to burn through SMZs and other critical areas Use of prescribed fire for
specific management objectives in SMZs should only be conducted by resource management
professionals such gsofessionaforesters and wildlife biologists.

e Exposing mineral soil during site preparationfor seeding oplanting a stand of trees in an SMZ
when heavy rain or snowmedt likely to cause erosion and sedimentation.

e Placingportable sawmills or log landingsin SMZYRMZs.

e Leveling of gulliesunless immediately seeded and mulched.

Table 2. SMZ Width by Slope

Use Of A Streamside Zone As A Filter Strip
Slope of Land between Width of Filter Strip
Road and Stream (Percent) for Common Logging

Areas (Feet)
0 25
10 45
20 65
30 85
40 105
50 125
60 145

Stream Management Zones & Forest Roads

Please refer teection on Stream Creisg under the Forest Roads section

Sinkholes, Caves, and Springfarst features)

Sinkholesare natural depressions or holes traiuswherethe
underlyingcarbonate bedrog¢kuch as limestone or dolomite FY
dissolves They can vary in sizand depthand may bdowl or chasm [E#siRs
shaped.Forming gradually undergroundginkholessuddenly collapse [
creatinga direct connection betwedme surface and groundwater
Theyoftenareassociated with an underlyimgveand provide a
source of food for creates that never leave tlvave




Harvestingvoody biomassiearsinkholes ispermissibleputit poses a significant risko cavesystens,
thecreatures that live in therand water quality Leaky harvesting equipment is very comneaomd may
contaminatesinkholes if the harvesting operation is not properly supervised.

A caveis a natural opening extending beyond tbheezof light andhome to sme of the least common
wildlife. This naturalfeature,andtheplants and animals that live theman benarmedby careless
harvestingactivities Caves shoul@dlwaysbe located angrotectedvhen harvesting timber/woody
biomass Forested buffers arodrcaveentrances provide valuable protection fosthnique and sensitive
habitat.

A spring is a point whereavaterflows out of thegroundi where the aquifer meets the surfattemay
run year round or only during certain tirgepending upon the amt of rain or snowmelt received

RECOMMENDED BEST MANAGEMENT PRACTICES:

e For specificcecommendatiors on harvesting practices neariekholes, caves, and prings, please
refer to recommendations undgkidTrails, Log Landings& Forest Roads
e Locate andflag all sinkholes, caves, andspring s prior to the start of harvesting
e All sinkholes, regardless of size, require protectiowith atleasta 100-foot buffer zone completely
surrounding them. Limited harvesting within the buffer zone is permissiblelvirys leave in the
zoneat leastm of the typical size treg0 BA or greater) in a fully stocked stand of trees idgra
woody biomass harvest, althougto | is recommended in most cases. Logs and woody biomass
should be cabled out of all buffer zane
o The intent is ot to buffer every depressioredtures thatentify a sinkholefrom other areas
include recent slumping (soil movement), a rock rim, and&iea@pdrop in elevationn the
sinkhole
e Be sureyourtimber sale contractcontains languag® tprotect resources from leaky harvesting
equipment, and follow through with frequent inspections of the harvesting activities.
e Protectunique sinkholes - flag a buffer around themio protect them fronharm
o Uniquesinkholes must have one of the followingignificant changes in elevati§B0% slopesor
greatey, caves, permanenstandingwater,exposedim rock, or different vegetation than the
surrounding forest. Thesmique sinkholeshould be bufferebly atleast200feetandno logging
should take gce.
o If harvesting is needed in unigsi@kholes, contact grofessionaforester or biologist for advice.
0 Maintain a buffer zone between harvesting and the edgeig@fiesinkholes A buffer zone
should beat leas00 feetin width starting from the rinof thesinkhole
e Divert runoff from haul roads, skid trails, and log landings so it does not drain directlgimktroles,
caves, or springs.
e Establish stagingareas for equipment fuel andoil, chemicalsand othehazardous materiaig
closer tharR00 feet to asinkhole, cave or spring.
e Leave auffer zone betweerharvest areasand the caveopeningi buffer zones should extend
around thecaveentrance and b200 feetin width.
e Stockpile any excavated materialvell awayfrom a caveopening so that the aerial cannotvash
back into the opening
e Leave a widaatural vegetated buffer area around anyspring; the buffer should be minimum of
200 feetin width.
e Utilize standard BMPs for SMZs when harvestingearstreans andbelow springs.
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e Limit harvesting in concave(bowl shaped) areas that receive wétem the surrounding landscape;
the area should be harvested when the ground is dry to prevent rutting.

THINGS TO AVOID:

e Disturbing soils insinkholes with openswallets(seeGlossaly of Terms.

e Pushingsol, logging debris orother waste materials into the bottom of amkhole, into any
sinkhole opening or in any drainage that ends sinkhole

e Draining equipment fluids onto the groundor parking bgging equipment in the bottom of
sinkholes.

e Blocking or modify ing cave entrances or making loud noises nedhe entrance toaves.

Wetlands

Wetlands are areas whehe soil is saturatedftencoveredwith water
for varying periods of timeuring the year Wetlands supporhany
natural communities withinique features and some endangered and r4
species of wildlife and plantPlants and anima in wetlands areadapted
for life in saturated soils.

RECOMMENDED BEST MANAGEMENT PRACTICES:

e For specificcecommendations on harvesting practices iwetlandsplease refer to
recommendations und&kidTrails, Log Landings& Forest RoadssectionForesed WetlandRoad
Construction

e A professionalforester or wetland specialistcan provide important informatiorbeforeharvesting
begins. They carotate flag, and map the boundaries ofetland to limitdamage from harvesting
equipment.

e Extend SMZs to includeall adjoiningwetland. Always leave in the SMatleastwm of the typical
size trees (40 BA or greater) in a fully stocked stand of trees during a wawdgids harvest, bt
tol is recommended in most casésgs and woody biomass should be cabled out qfratiary
zones iNSMZs and vetland buffers.

e Write asediment and erosion control plarusingBestmanagement practicesiring nearby road
construction(see special section on road constructiowatlands).

THINGS TO AVOID:

e Restricting the natural surface and subsurface flowof water under haul roads wetland (provide
adequate crosmad drainage)

Section 3- Skid Tralls,Log Landings, & ForestRoads

Skidding Logs & Woody Biomass
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Nearly90 percentof all erosionfrom timber/woody biomass hari#sy comes fromunplanned, poorly
constructed skid traildandingsandroads Poor bg skiddingalsodamage treesby knockingoff bark

andoftencompacing thesoil, causing root damage and poor grawilheimportant message heretis
plan ahead and be able to adapt to changing consliti@t go withoutdoor work

During dry conditions, rutting is limited to moist areas or prinskig trails
where repeated use compacts the sblbst rutting is unintentional andsually
not a significant concernBut, if harvestingvhensoil is wet, deeprutting can
becomea seriousproblem. Ruttingeduce forest health and hawary visible
impactmost peofe find offensive. Special carshould be takem the planning
andimplementatiorof the harvesto minimize the amount of rutting.

RECOMMENDED BEST MANAGEMENT PRACTICES:

e Flag the location of mainskid trails beforework begins. Minimize the
number needed to log the site efficierdlyd limit soil compaction Use oldskid trails if they are
suitable

e Thetotalamount ofarea occupied by roadsand skid trails should be limitd tono more thariO
percenwf the area.

e Protect crop treesduring woody biomass harvestingVhile flagging skid trails, mark tredsr
removalthat will obviously be damagetlringharvest. Use other marked or low value trees, such as
elm and hickoryand defective trees as bumpers.

e Harvest areas firthest from landingsfirst so slash can be used to cover skid trails on the way out to
slow water flow and protect the soiConcentrate skid trail® minimize soil compaction and rutting.

e Logs and woody lmimass should beabled out of the first 25 feet of the SMZandwetlands to avoid
rutting by skidder tires

e Minimize rutting by skiddingwoody biomas®nly when the soil is firm Harvesting should be
temporarily stopped when the soil is saturdtedecreaethe likelihood oferosion, rutting, and
compaction Logging can be moved to more stable areas, limdéelling trees only, otime can be
focused on equipment maintenance until conditions have improved.

¢ In SMZs and other special areas, pull fewagdavoody biomas$ehind the skidder to minimize
rutting. Cut trees so thefall away fromwetlands, and other special features.

e Minimize the number of stream crossingslocatethemat narrow points, and crod#ectly ato0
degree angleLogging mpacton streans must be nmimized Beforecrossing a stream, make a
turnout orwaterbarthat will shedwater off the skid trail

¢ Prevent runoff from skid trails from entering streams avdetland by usingvaterbas, side and
wing ditches, broadbased dips, ralhg dips, outsloping, grade breaks, @mther erosion control
methods

e Duringheavy rain events or during extened periods of inactivity of harvestinginstall temporary
erosion control structures on skid trails.

¢ Where asteep skid roadis absolutely ne@sary it should beatless than 45 percengradeandnot
exceed330 et in length.Waterbas should be installed as soon as posgigée Installing
Waterbas).

e Take advantage of natuttalrns and bends &hed water naturally and keep it from gatherg speed,
picking up and moving more soil

¢ Repair, smooth, seed, and installvaterbars when skid trails are no longer needed

¢ Alwaysservice equipmentand store fuel and oilat least200 feet away fromSMZs, sinkholes,
caves,springs,wetland, and othewater bodies
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THINGS TO AVOID:

¢ Removingskidder from harvest sitebeforewater bars and other protection practices requiring use
of equipment have been completed.

e Driving a skidder through awetland.

e Operating skidders in SMZs and buffer areasaround ekholes,caves, andprings

¢ Allowing skidders to cut ruts 6 inchesor greater into the soil for a distance greater than twice the
length of a skiddefapproximately 50 feet) Ruts disrupt the natural flow of water across the surface
and into the soil

e Using sail for fill , either alone or in combination with slash, for stream crossings.

Log & Woody BiomassLandings

Landings are areasherelogs or woody biomasareskiddedfor
loading oro trucks They arevery visible and usuallthe largest
areas dected byconcentrated equipmeunse,resulting in a high
degree of soil compacticand rutting. Landings, skid trails, and
roadsare the mairsources oeérosionandsedimentationin streams
and other water bodies’he challenge is to control the voluraed
velocity of water that flows from these sites.

RECOMMENDED BEST MANAGEMENT PRACTICES:

¢ Always wseold existing landingsif possible Between harvestsandings can be used as wildlife
food plots.

e Construct new landingsat leas200feet fromSMZs, sinkholes, caves, springs, wetlands, and other
water bodies Always ple debris from clearingew landingson the downhill side

e Try toplace landings out of sight or leave screers limit visibility.

e Landingsshould be kept small yet with enough room fagquipment operatiomroduct sortingand
removal Small decls are easier to clean up, do less damagd,are less visible.

e Locatelog/woody biomasdandings uphill on dry sitswith good drainage buin afairly level site

e Stabilize landings by seedirg and mulchingas soon as possibléJse only nofinvasive plants such
as wheat or annual rye grass for this cover ¢sepTable3).

e Duringexpected heavy rain events or during exteretl periods of inactivity of harvestinginstall
temporary erosion cordl structures omandings

THINGS TO AVOID:

e Locatinglog decksin low areas poorly drained sitesor onwet soils.
e Skid trails and haul roads that drain water onto landing sites

Forest Roads
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Forest roadsover time becomecompactdwhich create a hard surfacewherewater from rain and
snowmelt ruroff instead ofsoaking in Surface runoff washes away thousands of tons of soil over time
and eoded soittakes a very long time to repglthrough natural weathering.

Sedimentcanbe depositeth streans, reducing water qualityAreas with steep slopes, erodible soils,
and wet soils are the highest rigklost of this erosion can be preventedusyngbest management
practicego propety plan, construct and maintairforest roads If surfacerunoff water is controlld, soil
remains in placekeeping our streamclear and our forests growing.

Types of Roads

e Temporary roads
o0 Temporary roadareonly intended tde usedshorttermwhenthe
soil is firm.
0 Usuallythese roads amade using akidder bade with no
advanceplanning or design.
¢ Permanent seasonal roads
o Are part of the permanent road system shubuldonly be usel
when firm
e Permanent alteason forest roads
o Permanent alkeason roads will have gravel surfagcde and wing ditches, andieerts. They
are designed for yeaound use Even these roadsan becoméoo wetto use,especially for
heavily loadedog trucks.

Road Construction
(NOTE: see special section on Road ConstructiorFHorested Wetlands
RECOMMENDED BEST MANAGEMENT PRAC TICES:

¢ Alwayshave a pan and a designbefore you build. Unplanned road construction will result in
higher maintenance and reconstruction coassyell ageduced water qualityA professionaforester
with experience in designirend laying ouforestroads and supervising constructicem provide
valuable advice
e Decide what type of road wilit the need. How much traffic will use it? What kind of
vehicles will itneedto support? Will it be used yearound or only seasonally?
e Minimize the number of newroads by usng old roads if they are well placed and in good condition.
e Locate property lines to avoidbuildingroadson s omeone el seb6s property.
e Walk the route and hang flaggingnceyou determinethe best locatiofor the road.Your contractor
may suggest changes prior to construction based on experience.
e Locate roads on welldrained soil or soil withrocky surfacesaway from streamseepsand other
wet areas If surfacematerial is neededise crushed rock instead of creek gravel. It wostgeband
does not create other environmental problems associated with creek gravel.
e Construct roads during dry periods when moisture and soil conditions are not likelgéause
erosion and sedimentation.
e Minimize soil disturbance and removal of treesPile cleared debris on the lower sid¥ the road
and cut banks
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e Construct road approaches3MZs, springs,sinkholes,caves, andvetlandsto minimize surface
runoff.

¢ Whenroad construction is necessarysjpecial aregsninimize the number, length, and wdth.

e Road grades should be kept at less thanf@rcentexcept where terrain requires short lengtil
steep grades.

¢ Forest roads should be designed to shed wateiWater control methods include crowning the road,
using the natural slope, side ditches, euts, water turnout&@lso known as wing ditchgsroad
based dipsind water baréseeFigure 3.

e If the road youwbuild entersa public road, you will need to contact the authority in ch&wgsbrain
proper permits If it is a state roadjou must contet the Missouri Department of Transportation
(1-8882756636).

¢ A seed mixappropriate for the season should be applietb disturbed areas immediately following
road construction to promote-establishmenof plant growth taeduce erosiofsee Table B

THINGS TO AVOID:
e Burying wood debris in the road base Eventually the wood will rot, requiring repair and

reconstruction.
e Usinginvasive and exotic plantsvhen seedingreas that werdisturbedduring 1oad construction.

Stream Crossings

Roadbuilding and vehicle travel across streams shoulaviogled .
whenever possibleecause it increases sediment in the water, redug#_ ™
water quality Planningin advancewill reduce the number of stream |&
crossings necessaoy eliminatethem altogetherThe following
recommendations are specific to stream crossings to be used in [
addition to the general road construction recommendations above. [ :

RECOMMENDED BEST MANAGEMENT PRACTICES:

¢ Designate the location and typ®f stream crossings.

¢ Cross streams only as needeat narrow pointand at90 degreeangles Locate crossingahere
stream banks are low, rockand level.

e Locate fords wherestream banks are lowith level, rocky bottoms

e Use bridges or culverts to minimize erosiomndto maintainnormalstream flow Use temporary
portable bridges when possibileheyhaveless impact on the environment aar@ easily removed
Be sure to se a culvert big enougb handle storm flows.

e TheCounty Soil and Water Conservation District technicians can advise yoan tempaoary or
permanent bridge construction, am proper size, construction, and maintenance of culvirtise
culvert is bo small the roadnaywash out.

o Note:Sream crossings that haweses other thaforestryor agriculture applications may
requirespecial permits (404 permitshhese permits can be applied farthe US Amy Corp

of E n gaffinee @pecal@BMPS are required in forestry and agriculture to be exempt from

the permit procesgee Forest Wetland Road Construction)
e Soil around culverts, bridges, and crossingshould be stabilizedith coarse rock or large stones.
e Protect and gabilize approachesto fords with crushedock extending at leas0 feet fran both
sides of the stream bank
15



e Use turnouts so runoff water does not entethe stream directly from the road ditches; allow a
sufficient width for a filter strip.

e Exposed soil should be stabilizedsingseed and mulch, hay bales, roakdsilt fences.

e Do not remove culvertsfrom stream channels following logging if the crossingybe ugd again
within 10 years.

THINGS TO AVOID:

e Crossingstreams more thannecessaryto get the woody biomass to the landing

e Changing thenatural flow of water.

¢ Building temporary crossingswith logs and brush topped with soil.

e Draining water carrying sediment and pollutants directly into streamsor intermittent drainages
Diverting it off into the surrounding vegetatiavill filter outsedimentnd allow it to soak into the
soil.

e Locating roads in streambeds

e Constructing roadsinside SMZs Roads can be oestructed in SMZs onlwherenecessary to cross
streams.

Road Use & Maintenance
RECOMMENDED BEST MANAGEMENT PRACTICES:

¢ Inspectstream crossingsulverts, ditches, and bridges regularly é&move debris ando prevent
blockage Clogged water controksicturescreate aeriouserosion hazard;ausingthe waterto cut
around orthroughthe structure.
e Install waterbars, broad-based dips and other water control structutesmoderate the flow of
water on the road.
¢ Install temporary erosion control structures onroadsduring expected heavy rain events or during
extenckd periods ofharvestingnactivity.
¢ Forest roads and skid trailsthat are no longer usefshould beclosed
o Clear away stream crossingsstore original stream contouesd stabilize appexhes and
stream banks.
0 All exposed soshould beseededind mulchedvith the appropriate seed miggeSeeding and
Mulching, andTable3).

THINGS TO AVOID:

¢ Usingforest roads when they are wetsoft, and easily damaged.
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Figure 3. Feaures of a Protected Road

Legend

AT Waterbar at the top of the grade.

A, B, Ci Waterbars spaced properly at the recommended distances.
C1 Waterbars located at a 30 degree angle downslope.

D1 Stone riprap at diversion outlets.

Ei Road is ait-sloped and follows the contour.

F1 Cut banks are seeded as necessary.

Seeding and Mulching

Seeding forest roads, landings, asttierexposed soiprovidesvegetationhatreduce the impact of
raindrops and forsirootsto bind the soilandhold it in place Seedingis alsoa wayto improve the
absorbency of forest soildMake sure seed comes in contact withsbié

Mulching with straw, woodchips, bark, or synthetic nettitgphelpsretain soil and moisture for the
growth of grasses and otheapts Hay mulch may contain its own seet¥sit it may also contain the
seeds of invasive noxious weddbe sure of the source before spreadihduich can be used without
seeding ifonly naturalvegetations desired In these cases, wood chipst@rkmulchcanhelp protect
the soil for weeks or months after logging is completed.
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RECOMMENDED BEST MANAGEMENT PRACTICES:

¢ Inspectcompletedharvestareasto look for exposearosionprone soils Flagareasvhere seeding
and/or mulching is needed\reas hat usually need treatment include:
o Landings and approaches to landings
o Main skid trails
o Temporary roads and roads that will no longer be used
0 Stream crossings

e Seeding and mulching should be donas soon asquipment movesut

e Seedingcan attract wildli fe, serving double duty as food plots

e A professionalforester can visit the site and help identify areaatshould be seeded

e |If the site has been harvested in wiater, apply a layer of mulchto provide some protection to the
soil until seed cagerminate

e Chose a good seed mixturéseeTable3). Seedshouldconsistof nativeor noninvasiveplants
The mixtureshouldhave fasigerminating seed®r quick protectiorand slowergerminating seeds
that will take over and stabilize the site for yemrsome.

¢ Consult with the County Soil and Water Conservation Districtfor information on conservation
seeding and special hydseeding equipmentdbhmay beavailable for loan

THINGS TO AVOID:

¢ Spreading invasive noxious weedsuch as Sericea lespedgzadzu, andccrown vetch when seeding
and mulching exposed soil.

Table 3. SeedingRates pounds pure live seed per acréPL S/ac] - single species)
and Species Suitability for Skid Trails, Landings and Road Seeding

Conservatior] Erosion| Wildlife | Seeding Dates| Seeding Dates
Species Cover Control |Habitat® Spring Fall
(PLS/ac) |(PLS/ac)(PLS/ac (PLS/ac) (PLS/ac)

Cool Season Leaumes
Ladino Clover 3.0 6.0 2.25 |Mar 0171 Mav 31|Aua 017 Oct 15
Red Clover 6.1 12.2 46 [Mar01li May 31/Aua 017 Oct15
Alfalfa 7.5 15.0 5.6 |Mar01i Mav 31/Aua 0171 Oct 15
Warm SeasonSpecijes
Common Lespedeza 7.5 15.0 5.6 |Mar01i Jun 30 N/A
lllinois Bundleflower 14.5 29.0 10.9 [Mar 01i Jun 30 N/A
Partridae Pea 26.8 53.6 20.1 [Mar 017 Jun 30 N/A
Roundhead Bushclove 6.3 12.6 4.7 |Mar 017 Jun 30 N/A
Showyv Ticktrefoil 10.0 20.0 7.5 [Mar 017 Jun 30 N/A
Cool Season Grasses:
Canada Wildrve 15.3 30.6 11.5 |Mar 01i Mav 31/Aua 017 Oct 15
Virginia Wildrve 2 15.0 30.0 11.2 [Mar 017 Mav 31{Aua 017 Oct 15
Kentucky Bluearass 2.2 4.4 1.7 [Mar 01i Mav 31/Aua 011 Oct 15
Orchardarass 4.2 8.4 3.2 |Mar01i Mav 31|Aua 017 Oct 15
Redtop 1.7 3.4 1.3 [Mar 01i Mav 31/Aua 011 Oct 15
Timothyv 3.1 6.2 2.3 |Mar01i Mav 31/Aua 011 Oct 15
Warm Season Grasses
Bia Blueste 8.0 16.0 6.0 [Mar 017 Jun 30 N/A
Composite Dropseed 2.3 4.6 1.7 [Mar 017 Jun 30 N/A
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Eastern Gamaara$s 8.0 16.0 6.0 |Mar 017 Jun 30 N/A
Indianaras< 7.8 15.6 59 |Mar 017 Jun 30 N/A
Little Bluesem* 6.4 12.8 4.8 |Mar 017 Jun 30 N/A
Sideoats Grama 7.5 15.0 5.6 |Mar 01i Jun 30 N/A
Switcharasg 4.7 9.4 3.5 |Mar 01i Jun 30 N/A
Warm Season Forbs:

Gravhead Coneflower 3.6 7.2 2.7 |Mar 017 Jun 30 N/A
Pale Purple Coneflowe 16.4 32.8 12.3 |Mar017i Jun 30 N/A
Ox-eve Falsesunflower 11.3 22.6 8.5 [Mar 017 Jun 30 N/A
Wild Beraamot 1.4 2.8 1.0 [Mar 017 Jun 30 N/A

! Annual speciesplant early in the growing season to allow seetlto occur.
2 Use locally adagetd cultivars or ecotypes of these native species where possible.
% Use these rates on nenosive sites

For mixtures Use the single species seeding rétas Table3 for the appropriate site useultiplied by
the desired seeding mixture pentages to determine the seeding rate per spdeiesl seeding rate for
the mixture will equal each adjusted seeding rate added together. For seeding Canada wildrye and
Timothy as a conservation cover with each species making up 50 percent of thieerfoxmula would

be:

Example

15.3 PLS pounds/acipe 50% = 7.6 pounds/acre seeding rate (Canada wildrye)
3.1 PLS pounds/acr& 50% =1.5 pounds/acre seeding ratenfothy)

Total PLS for seeding mixture = 7.6 lbs Canada wildrye+ 1.5 Ibs timothy = 8.1
Ibs/acre total seeding rate.

Installing Waterbars

Watebarsare a combination of a mound and trench angling astaddrailsand roads. The purpose is
to interceptdivert, and disperseateroff exposed soil ot the forest floor where it will be fédired and
soak into the soil without causing erosion and sedimentation. Watéobars significant, almost
impassible bum@and should be used onlyhere machinery will no longer traveContinued use will ruin
waterbas. If the forest ownemwishes to ontinueuseof the road for recrdi@mn or cuttingfirewood,
broadbased dips can be substituted for waterbars

RECOMMENDED BEST MANAGEMENT PRACTICES:
e« Waterbas are generallpuilt at a 30 degree anglgsee Figured). The distance betweevaterbas

will vary from every 250 feet on gently sloping trails to every 40 feet (or less) on steefsdeils
Table4).
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Figure 4. Waterbar Design

(from Wisconsin'd~orestry Best Management Practices for Water Quali®gb)

Table 4. Spacing Between Water Bars

Road Grade Approximate
(% slope) Distance Needed
Between Water
Bars (Feet)
1 400
2 245
5 125
10 78
15 58
20 47
25 40
30 35
35 32
40 29

e Theheight of waterbars will vary from 8to 30inches lower on gentle slopes, higher on steeper

slopes.

e Thebottom edge ofa waterbar should be open to allow water to freely flow out into the leaf layer on

the forest floomwhere it will be filtered and soakto the soil.

THINGS TO AVOID:

e Building waterbars without placing them on a 30 degree angle Water will dam up and cut

through waterbars that dondét dr ai
e Driving vehicles or equipment ovewaterbarsonce they have been built.

e Building waterbars with blockages(such as stumps or logging debtisat prevent drainage.
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Forested Wetland Road Construction (A Special Case)

Roads built for forest management in land describead agtland (nder fedeal rules of Section 404 of
the Clean Water Agtare a special case. If the intended use is only for forest managémeent
construction and use are exempt from the permit requirem@&atqualify, construction must comply
with the followingrecommendetiest management practices

RECOMMENDED BEST MANAGEMENT PRACTICES:

Federally Required BMPs

1. Roads andgkid traik in waters of the United States must be the minimum number possible. The width
and length must match with the forest management need anddochfions

2. All roads must be located far enough from streams or water (except whergnuatbe crossed) to
minimize the amount of material put into the waters.

3. The road must be designed to prevent the restriction of normal flows.

4. The fill must bestabilized and maintained to prevent erosion during and after construction.

5. Use of trucks, tractors, and other heavy equipment in water and adjaieilagnd must be
minimized.

6. Disturbance of natural plant life in water andtlands must be minimized.

7. The construction and maintenance of the road must not prevent natural movement of aquatic wildlife
living in the water owetland especially migration.

8. Borrow material must be taken from upland sources whenever possible.

9. Road construction and maintenarust not harm any threatened or endangered species listed under
the Endangered Species Act, including destruction or damage to critical habitat for listed species.

10.Fill material in breeding and nesting areas for migratory waterfowl, fish spawning anelagetlands
must be avoided if any practical choice exists.

11.Thefill must not be locatedieara public water supply intake

12. Thefill must not occur in areas dfigh shellfish(native clamshabitat.

13.Thefill must not occur in any padf the Natimal Wild and Scenic River System

14.Fill materialmust besuitableandfree frompoisons.

15. All temporary fillsmustbe removed entitg and the area restored to its original elevation.

Below areinterpretationsof the 15federallyrequiredBMPsabove.

FOREST WETLANDS BMPs (interpretations)

¢ The heighoof roads on high ground should be less tAd@et above theurroundingground.

e Where aoad crosses a streasiough,swamp or otherwetlandthe fill should not be higher than the
road at either endNormally the road should b2-3 feet above thground but it may be higher in low
areas

e Mainroads at streams should be bridgetwitt with culvers large enough and numerous enough
with permanent struates of a size and frequency to cairgexpectedlow of water Wherefords
are usednsteadof bridges or culverts, they must hayeodrock bases to protect the stream .bed

e Soil must be stabilizedround each structure whemainroads crosseasonabr permanentstreams
with anaverage annual flow & cubic feet per second arore. Structure stabilization is also
required vhere rainwater runoff from the roadncauseerosionand sedimentation

o Wherelight-useroads crosseasonabr permanenstreams, temporary bridges or culveide to
minimize interference with the flow of watshould be usedWhenforest management uge
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completed, temporary bridges and culverts should be removetti@rahds crosslitched where
needed to allow normal water flow
e Getroadbed material from uplarmbrrowpits whenever possibleThe basef roadsthat cross
sloughs or swamps may be lpgand or clay. Logs arepreferedbecause they reduce the amount of
fill required. Roads with only a sand or clay base gradually settle and mbsilbkigher initially.
e Roads in swamps aniver bottomarea may be constructed with fiffom a ditch along the upper
side of the roadand thercapped with fill from an upland area
e Continuous side ditches are preferr@dhey reduce thpoolingof water on the uppeide of
the roadf there areenoughculverts todrainto the lower side
¢ Ditch bottoms should follow surfa@®ntoursand culverts should be located in the lower
areas
e Ditches should not beequiredto carry water for more thas mile. They mustlsobe
separated from navigable water by vegetditeat strips

THINGS TO AVOID:

Using dtches to convertwetlandsinto uplands.

Section 4- Natural Disasters& Aesthdics

Natural Disasters

Natural disasters such & storms, floodsornados, wildfies, or insects and disease create extreme
conditions for whictBMPs are not normally designeddead timberespecially pine, loses value very
fastand salvage operations may need to be condagtie#tly. Early response to these types of disasters
is critical, but there is a tendency to overreaktso, there are a few timber buyers who will take
advantage of unknowing forest ownersnsult aprofessionaforester if in doubt.The responsibility of
adjusting BMPs may resi either the foresiwner orthe operatodepending upon contract terms.

Casualty losses due to natural disasters can only be used for tax purposes if the original cost basis had
been determined before the damage occurred. If the basis has been established, reasonable effort to
salvage is required and the final lost value may be used for tax purpésedetailed information on

casualty losses and timber taxagiconsult gorofessionaforester and your accountant.

RECOMMENDED BEST MANAGEMENT PRACTICES:

¢ Damagedwood should be slvagedif at all possible. This may or may not fit with current
management goals and strategasdmay require modifications to long term management plans.

e Water quality protection measuresby use oBestmanagement practicatould still befollowed.

e Forest owners are encouragedonsult a professionalforester or wildlife biologist when natural
disaster damages their forest. These resource professionals have the knowledge and experience to
help with salvage and restoration efforts.
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