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PREFACE

This research proect was conducted by the
Universty of Maine in response to questions raised
byte F oaesty Advwsoy T eam (FORAT), whichg
a group that advises the Maine Department of En-

vironmental Protection (DEP) and the Maine F et
Senice (MFS) on controling w ater poluton fom
foetty adies. The research was designed

help answer three questions:

*  What are the documented types of impacts on
w ater qualiy from forestry adiviies in Mane?

» Do timber harvesters use the best management
practices recommended by the state o control
w ater poluion’?

o Arthese pradicesefiedivewhenthey are used?

The profect was conduced in o parts. Fi rd,
al lierature that documents water quiaity impads
from forestry in Maine and ather similar geographic
areas was  reviewed in a repot pubished by the
Cooperaive F  orestry Research Ut inJ une 1996
(CFRU Information Report 38). Second, afield survey
was conducted to investigate whether harvesters
are using best management practices recommended
by the sae b conrd w ater polution and whether
these pracices appear o be efiedive when they are
used. This reparit presenis an analyss of the data
aoeced n te & aney.

Bath parts of this research proect were funded
primarily by the Maine Department of Environmen-
el Proiecion wih a grant from the U. S. Envion
mental Protection Agency under the Clean W aer
Act sedion 104. The aosis of the proedt exoeeded
the grant, so addiional funds were contrbuied by
the Maine F orest Products Coundl and some staff
time donated by the Cooperative Forestry Research
Unit

Forestry Advisory Team Members

Maine Dept. of Consatvation, Maine F orest Service—
represented by Tom Charlesand P eter Baringer

Maine Dept. of Environmental Protection, Bureau of
Land and W ater Quality—represented by Lew
Aenad T aySP e

Land Use Regulation Commission—represented by
W il Johnston

Maine State Planning Office—represented by W i I-
lam Ferdinand and Linda Butler

U. Maine Cooperative Extension—represented by
W m Ly

U ..S. EPA New England Region—represented by Bart
Hague and Sandra F  andeuo

Maine F orest Products Counci—represented by Si
Balch

Maine Audubon Society—represented by Rob Bryan

Smal W oodiot Owners Association of Maine—rep-
reserted by Ben W e  Ich

Maine  Assodation of Consuling F oresters—repre-
sented by David Edson

et Byaimat Sain Measareas Reaat 400
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The Sooely of American F oeses sk foce
repot on w aer quelly revesied thet shioiurid
adMies were near the battomn of a ist thet ranked
the conrouion of various lnd use adiiies ©
nonpoint source poluon (NPSP) problems affect-
ing suface w aers nthe U. S. (SAF 1995). Agiok
ture leads the list, accounting for NPSP problems
in 41% of vers and streams. Although the impacts
ae smd Eqive o oher lbd usss, ey ac
Mies do have the potential t generate sediment
and afecw  aer quelly. The lieratLre review thet
preceded this study (Sfiord et &l 1996) shoned
that forestry best management practices (BMPS)
are effedive n redudng sol erosion and marniain:
ing the high w aler qually assocated wih forested
lands. Recognizing the importance of BMPs, ts
study evaluates the degree of complance with for-
estry BMPs in Maine.

This study was underigken in the it of oo
operation between the University and landowners
dtesse, whowiingly aloned us access o therr
land; many took the time to show us their land in
person. Al of these indviduals were neresied in
sound pradioes for protedion of water qually and
longterm sie: procLioiy.

A sample of 120 harvested sites, randomly
seleded fom the intent o hanvest reports that
were filed with the Maine Department of
Conservaton for the period J anuary 1, 193t o
December 31, 1994, were sgeced for a fed vt
These sites were evenly distibuted among four
organized south, unorganized east, and unorganized
west  Access was  reiusad on oy o ges (ess
than 2% of those sampled); hence, these data shoud
provide an unbiased assessment (at one point in
time) of BMP compliance in Maine for the two-year
period

The foresty BMPs were organized into six
groups (haul roads, stream crossings, skd roads
andtas, puting taks and roeds o bed, bgyads
landings, and streamside management zones). AEH
data sheet was desgned 1o fadiiate compliance
monitoring.  Ateachge, ted\Eoasd is
on potental problem areas (sream crossings, d4d
frais on seep topography, bndngs,  andhaulroads).
The site examination radiated outw ard fom poen
el podem areas 0 tet 0 b 0 aoes o te
surmounding landscape were visited; o sites were
completed during the average 12-hour day

In order © reduce the templaiion o Misinter-
pret the resus, it is imporiant to understand how
compliance was  assessed.  The ratings are presented
o a se bess. Each BMP was numericaly rated
for complance as fdons: 1 = goss neged, 2 =
major departure, 3 = minor departure, 4 = meets
or exceeds pradice. The rating was wedasa qeF
He  indcation of compiance wihin an indvidual
®. For example, if among a cuherts obsened
only one exhibited a major departure from the ap-
plicable BMP,  the sie reosved a rding of 3 (minor
departure) for the applicable BMP. However, frd
o more of the cuverts examined et thet sie ex-

et Byaimat Sain Meodreas Repat 400

hbied major departure or goss neged, the sie
was red as 2 ar 1, repedively.

expressed asthe number of stes rated 3 or 4 dvided
by the toiled number of stes forwhich the particiar
BMP was appicabe. Effieciveness was assessed by
examining evidence for sediment movement (1 =

Compliance was

ndiedie, gnicant dehvey © suriace waker, 2
= rledhe, some debvery © suface w &, 3=
minor impact, no debery o suface w aer, 4=

negiigble sediment movement).

Physical Features
Among the four strata, physical sie attrbuies

were relatively uniform; there were no diferences

i the derouion of w ager feaures o te deti

buion of sdl danage.

BMPs

* Al o the BMPs were nat gppicable on al of
the sies; the number of gpplcabe sies ranged
from 16 (log crossings do notimpede w aerbon)
0 120 (minimize the number of roads).

*  Those BMPs dealing with planning and location
dmoeds, ddish, and landings exhibied high
levels of complance (90% and highey). Since the
sceniic ieraure documens thet 9% of a
sedimentation problems originate with haul
roedsadd traks, this goup of BMPs is the
aiicl inel Sep for preverion dferosonand
sedimentation.

e Compliance was lower for the BMPs dealing
wih diverson of w ger fom taks, oeds, and
landings.  The ogedive of this group of BVIPs
5 © bresk up the long seady Sopes where
w ater is concentrated in fow paths, which
increase erasive force and undermine road and
tal sufeces. More atterion should be paid o
ths goup o pradices.

*  Road systems that were installed decades ago,
using procedures that were considered 1o be
accepiabe at thet time, apparenty controute
to sedimentation problems. Those od roads (and
some poorly constructed new roads) were cor-
struced by sogping surface sal doan o the
besd il and piing the meterdl cuward b
road banks.  Ths method ket dic hes tat red
rected water towards the road surface over ime
becausew aterwas  prevented from moving aw ay

fom the road surface by the high banks. O
vetngw  a@eraway  from those dd road systems
requies a gest ded of efot and exca vation
o the dd berks.

e BMP compliance wasc lealy assodated wih
subsiantal reducion and eimination of bath
incidence and severity of sediment movement
Regardiess of BMP category, noncompliance of
individual BMPs resulted in a marked increase
in sediment moverment and delivery to surface
waes. BMPs work very well

e Considered as a group, the BMPs associated
with yards and landings hed the highest degree
of overal compliance whereas those assodated
wih puting sies 0 bed had the lonest degree
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of complance.

¢ BMPs dealing with culvert maintenance and
dranage dich stabiization were nat ofen com-
pied wih. More attertion must be devoied o
these o categories because of the poiential for
continued generation of sediment
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INTRODUCTION

Mare B rich in renew able natlra resources;
commercal forest land covers approximately 168
milion acres (Seymour and Lemin 1991). The for-
esty sedtor is a major component of the state
economy. Analysis of economic data reported for
Maine's  foresty sedorindcated et the o vale
of products generated was $6076 hiion n 1990
(o L)

Maine has abundant w aler resources, debk
physical location in the Northeast where precipiia
tion exceeds evaporanspraion and s evenly ds-
tributed throughout the year. The numerous streams,
ponds, Hes, wetands, aong wih the ooean, po
vide high-quiality w ae, Ehree andrecregiond
opportunites. The iy of Mane's econony is
completely dependent on continued maintenance of
w ater quelty and forest produciviy, bah ofwhch
ae nedicaly nked © te

Forest management operations associated with
timber harvesting have the poend o dsub s,
leading 10 eroson. The consequences are both acute
(decreasedw  aerquely)andc hronic (reduced long-
erm sie producivity). Both can be a  voided by
minimizing soll disturbance. The pracices thet have
been desgned b mnimze or eimnaie sol ds-
placement and transpart are coledively referred
as best management practices (BMPs). Most states
have developed a set of BVIPs for use in forest
management. Maine's forestry BMPs are detaled in
a Maine Department of Conservation publication
(1901).

nerest N assesag the efledveness of best
management practices (BMPs) on maintenance of
w ater quality from managed forests is curently
strong,  as indicated by the number of reports and
ieratre reviews that have been published in the
last few years (Binkley and Brown 19933, 1993b;
N CAS| 1992, 199, 19%, 19%; White and Krause
19Q).A [tec hricdl sessn of the Saks, W aer
Resources, Shvauue, and Remote Sensing W ok

ing Groups of The Sodely of American F oresers,
entited “BMPs Operational Practices to Insure

Susiainabity, "was conducted at the 1995 national

convention in P atand, Mare (Soddly of American
Foesers 1996).

Quantiicaion of the effectiveness of BMPs in
redudng sol movement is dificut and expensive.

It 5 vittiely impossbie o adequately replicate

such sudes over the complete range of sie condk

ostaed Stdes thet have been done gen
eraly show that BMPs are effective in maintaining

w ater quality (Adams and Hook 1993; NC AS| 1992).

Given acceptance of the hypathesis that BMPs are

generdy efedve in kegping sl in place (onse-

Quenty protecting both water qualty and long-tem

sie producily) assessment of the degree of com-

planceis appropiste. Compliance surveys have been

et Byaimat Sain Meodreas Repat 400

dore for several States at varying degrees of nient
sity (Adams 1994; Brynn and Clausen 1991;
Carraway and Noris 1996; Raossman and Phillps
1992; S huiz 1992). The Maine Department of
Environmental Protedion surveyed 23 (of a total of
6115) sites harvested in organized towns during
1993 and estimated that 30% exhibited serious
potential for erosion and sedmentation problems
(Maine Department of Environmental Protection
1994). The sample was  srdland Saisicd e
tywas notassessed h g, the resuls were
smiar © those obiained in Minnesola, where a
sampe of 48 havested sies indicated an overal
compliance rate of 79% (Rossman and Phillips 1992).

Ore o the few siudes designed D odiain re-
aus wih a high I of saiidicd predsion was
reported by Adams (1994) in South Cardina. He
esimated thet a sample of 177 sies was required
to provide an estimate of BMP compliance within
+ 5% of the adudl value at a 95% confidence level
Compliance levels were estimated overal and in
fivebroed categories (oads, Sreamarossings, Stream
management areas, hanvests, and log yardstand-
102 Overal compliance was 85%. Although com-
piance with road stream crossings was low (42%0),
only 12 of the 177 stes involved roed stream aoss-
ings, resuling n a wide confidence inenval (10%-
70%).

OBJECTIVES

The obedives df this SLdy were o assess the
level of BMP compliance in Maine,
deaion o te sascd pecson o tee est
mates, and to examine BMP effectiveness using
evidence of sediment transport as a surrogate.
Reliable assessment of BMP compliance wil fadii-
tete idenification of problemn aress that should be
targeted by education and training programs.

provce an i

METHODS

The state was Sralied aoooding 1 Saie en
vironmental agency jurisdiction into organized
(Maine DEP) and unorganized (Maine Land Use
Regulation Commission) towns. This Sraficaion
w as used n oder 10 assess ary diferentel degree
of compliance between the unorganized towns, b
ject to LURC harvesting standards (Maine Land
Use Regulation Commission 1991), and the orga-
nized towns.  The organized toawns have no erson
control standards, et o te 1ues restiing
harvesting in proiected shoreline zones (extending
landw ard 75 ft from high water mark). n te
organized towns, oode enforcement oficers, aready
overworked with more immediate problems, have
the pimary responshiity for enforcement of regu-
liions thet apply 10 proleded shoreine zones as

1Unpublished report based on MicroIMPLAN analysis of 1990 data by Dr. David B. Feld, Dept. of Forest Management,

University of Maine, 10 February 1995.
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wal as for any addiional toan codes (nhich may
or may meg) In oder 0 ensure geographic
representation within organized and unorganized
towns, those straia were divided geographicaly as
fas ON, aganzed noth; OS, oganzed south;
UE, unomganized esst; and UW, unorganized west
Based on an esimate of the desired Siaistical
precsonandthea velehlly ofield ime and fund-
g, asampe sze of 120 havesed dies (eech &
least 10 aces in area) was targeed A vaigly of
problems that could have preveried a fed vt
(i.e, landowner permission refused, se camat be
locaied by fied aew) were anticpeted. In oder ©
ensure an adequate number of sites for sampiing,
theMaine F  orest Service randomly selected 240 sies
(evenly distbuted among the substrata. described
above) from inert 1o hanvest foms thet were fied
with the Maine DOC for the period January 1, 1993,
to December 31, 194.A  Ieter expaining the siudy
and reguesiing permission 1o vist the: property (ec-
companied by a brief questionnaire) was maled
each landowner identiied through the site selecion
process.  Posive responses (es wel as ck of negar
five response) were assigned 1o the pod of poentel
¥s. The owner was ined © be present at the
e dte Thity of those sies fom
each of the substrata were subsequently randomly
shied fra | |
Field work was conducted during the period
June through October 1995 by Soi Consulting Ser-
ves, Monson, ME.  Physiographic datawere recorded
a eech <. The BMPs were organized into the
5, Stream crossings, puting tralstoeds 10 bed,
log yardsftandings, and streamside management
zones. Each BMP was raed for is gty &
eachde. Al BVIPs that were applicable were then

raied for degree of complance as folons:

1 Goss neged of BMP (pracice not used),

2 Major departure from BMP (installation so poor
tet pade 5 nelede)

3 Minor departure from BMP (minor imperfec-
tions that do not compromise BMP function),

4  Operation meets or exceeds BMP requirement.

quelity of the BMP installiaion and consistency

within each €. hade D chiy ts @ig

systemn, several examples of minor departures fok

bw; it would be unmanagesable to inc Lok i
fors for evaty raing recodedd

®  Departure from the BMP requiing adequate
drainege dic hes o dvattw geraway fomte
road was  rated as minor when sois were some-
what excessively drained and there was no
evidence of water unning in roeds;

®  Departure from the BMP requiing slash kept
outafsreamc hannel was  rated as minor when
anisoaiedinadence dfsash presentnastiream
w as oosenved near a soehl banding;

et Byaimat Sain Measareas Reaat 400

®  Departure from the BMP restricting harvesting
of sensiive sies 1o the period when the ground
B fazen was rated as minor when an isolated
occurence of a nuted wet hoe was encourr
eed

There were occasiondl siuations where one or
more of the applicable BMPs could nat be rated for
degree of compliance. One common example is the
BMP dealing with culvert depth (one foot below
ufe). e abet was removed after the op-
eraion, complance could nat be rated. In generdl,
this siuation occured i fewer than 3% of the
sample sies.
Each pradice was then rated for evidence of
sediment deivery to w aerusng the fdloning scake:

1  Inefledive, evidence of sediment devery
stream or lake,

2 Minor impadt, evidence of sediment defvery to
drainage but not o streamsiakes,

3 Negigble sedment movement (ess than 5 f),

4 Bede, no evidence of sediment movement

Bvidence for sedment delivery was Judoed ac-
cording to whether the impact appeared to be acute
(shortterm problem thet s, aw ke, eiminated
n a shat ime paiod) ar ¢ hronic (longterm, an
tinuing sedimert debvery). A oy o the deia oo
kdion fom & povded n the Appendix.

Field work focused generaly on those areas in
the landscape where problems were most likely to
oora t,ahclose podmly o, waier fedlres or
seepareas. However, many acres distant from w aer
features were examined. Consequently,  these ddaa
do not quantfy the degree of BMP compliance within

a gwen se. An attempt was made O provide a
qualiative esimate of complancewihinaste using
the compliance rating isef. For example, a<h

which  one auvert out of 20 did nat comply wih the
applicable BMPs was rated as a minor departure
fiwas an isolated problem that was inoonsisent
wih the majorty of culverts that were examined.
Arding of “‘major departure’ o r ‘goss neged’ was
used only if (@) the BMP was coresiently viosked,
i.e, gppicabe 10 the mejoriy of stuations encoun
ered onte sie o () there was dredt and severe
impact to a w aterbody (only one case in the enire
Stoh).

A team of indviduals with represeniation from
the University of Maine, Maine Department of En-
vionmental Protecion, Maine State Planning OF
fice, Maine F oest Sevice, Maine F orest Produds
Council, USDA Natural Resources Conservation

Senice, U. S. Environmental Protection Agency, ad
te  Audubon Socely joned the field evaluator at
the iniaion of the poedt and midway tow ads

completion of the field work b ensure widespread
agreement and understanding of the BMP compli-

ance raiings that were used.
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Daia Analysis

The detrbuions of sze of havest arees and
d'ddanegecbsesing, moderately wel, some-
what poorly,  poaly,  and very poody) were grapht
caly compared among the four strata (organized
north, organzed south, unomanized east, unorga:
nzed wesl) using Box plois. A contingency table
w as used to analyze the relaionship between w aer
ponds) and the four stralal A © hisguare analysis
w as used D &t the nu hypahess that the ds-
fiouionofw aterfeatreswasindependentof sraia.

The proportion of sies in complance with each
BMP was calouated (Cunia 1984) for the organized
and unorganized towns, ad for bah sraia com-

bined as fdons
M1 P_=n_n_, wee
N, =number of stes with complance rating
d3a4
n , = od number of sies for which the
pradice was appicable.
The variance of the proportion was computed as
[ s,=P . *L-P O (n -0
The 95% confidence interval was computed as

[d P, * t,, SQRT {Spp}

The relatively smal sample size within eschd
the strata makes a rigorous comparison of compi-
ance in organized and unorganized towns impos-
dk. However, itispossbletoexamine BMPswithin
agroup. The a verage compliance propartion differ-
ence was computed for each of the BMP groups:
haul roads (BMPs 1-24, and 32), stream crossings
(BMPs 2531, and 33), skid roads and trails BMPs
34-37,and 39), putting trals and roads to bed BMIPs
4047),log yardsfandings (BMPs 48-54), and stream+
side management zones (BMPs 55-61).A testwas
used 0 et the hypohess of no diference in the
proportion of compliance for the BMP group be-
tween organized and unorganized towns. The comre-
lation between BMP compliance and harvest acre-

et Byaimat Sain Meodreas Repat 400

RESULTS

Cheracierizaion dfhe Sudy Sies

The 120 study sies were wel distibuted bath
Fouel The stratified random sampiing utiized
hed the desied efect Although surface w = cgccy
fures were presernt at every sie, the distoion of
those features among the four strata was s
caly unfom (T de N A keest heff of the sidy
dsic luded perennial streams. Lakes and ponds,
although less common, were aso inc luded. The
hypothesis of independence between strata and w e
features was accepted using the Chisguare test
(095

Examination of Box plots reveals considerable
gamiiy n sd danege cless daibuios (@s a
percentage of indvidual stes) among the four srata

(Figues2-6) The vertical box, bound on the bottom
andtop by the 25 thand 75 " paoenies, respecively,
bstaies the centd edency for e 0 ges n

eech sratum (29 for oganized north, 31 or age

nized souh). The median percentage of area cov-
ered by each sl darnege chbss s dencied by the
haizonid e wihin the verical bax The range
5 indcaied by the vertical nes, refered D as
whiskers, that extend beyond the vertical box.
Bxtreme values (beyond 15 tmes the distance of
the cental 50%, are denoted by open dcl es. For
example, the medan perceniage ofwel drained sois
for the 30 sies in the omganized nothem towrs s
20%; hddtedeshave a lower percentage and
hefhavea higher percentage of areainwel drained
gk. FilypecetdihoseDseshave wel dained
sois ocoupying 10%6-40% of the area (the vertical
spen of the ba). The area occupied by well drained
sois in the arganized narth rangess from 0% o 65%.
Fa eech sd danece ¢ bss, the median percent
ages among the four strata were within 10% of each
ather.

The reported harvest acreages tended to be
smaler in the omganized towns relive © the un-
organized towns (T ak 2 The smallest harvests
were located in the organized south, with a median
of 30 ages whie the brgest havest areas were
located in the unomganized east Ore ste in the

age was esimaed for esch BMP. organized north was smaler than the 10 acre mink
Tde 1 Distioution of water features across four straia for the 120 sies sampled duning the 1995 fied
Season.
Stratum P erennial Stream Intermediate Stream *Ephemeral Stream Lake or
Pond
Organized North 17 15 17 4
Organized South 14 12 23 5
Unorganized W et 20 17 23 4
Unorganized East 19 11 19 3

*As used in this study, this term denotes a drainage or flow of weter thet is not technically considered a"stream” under Maine

=1
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Maine BMP Study
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Figue 6. Distribution of the percentage of area
in very poorly drained soils across the 120
study sites.
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mum, but was repoted as 10 aoges on the nent

0 harvest fom. The sie was keptin the study. The
toial acreage for a few Ses was nat reported, an
sequently the sample size was kssten D freach

stratum. Most of the havested paross n te or-

ganized townships were owned or managed by small

nonindustrial private landowners (NIPF) (T ar3
The large land management and industrial forestry

companies were the dominant landowners for the

parcels harvested in the unorganized townships, (12%
and 17%, respediel), which consisent wih
ownership pattems.

BMP Compiliance and Effectiveness

Haul Roads—Compliance

The number of study stes for which the haul
road BMPs were applicable ranged from 16 to 120
(Tak 4 Compliance was  computed on the basis
of only those stes where the spediic pradiioes were
appicable.

The percentage of sites in compliance with haul
road BMPs ranged from 100% to 34%. The sais-
fical precison was relafively high but decreased
with decreasing sample size, a consequence of the
fat hat nat d pradices were appicabe & d
$s.  The 95% confidence bounds for those practices
that were applicable on at least 0 sies were 10%

aks. h corad, the confidence bound for BMP

14 whch  desswih ange of cvertinsialaion on

slopes greater than 10% gradient, was 22%. That
Tak 2 Ditibuiion of area (aoes) of havested study Stes by sratum.
Stratum N Minimum 1% Quate Median 3 Quate
Organized North 28 4 68 115 1400
Organized South 29 10 30 D 318
Unorganized W et 28 10 92 500 6000
Unorganized East 29 10 300 1100 2200

Take 3 Distbution of the 120 sampled hanvest sies by ownership category.

Ownership Category Organized North

Organized South

NIPF < 1000 ac 26
NIPF > 1000 ac 1
Land Management Company 1
Municipal 0
State 0
Large Industial 1
Real Estate 0
Blueberry Grower 0

TOTAL 29

Unorganized W et Unorganized East

7 10

5 3
0 3 9
0 0
1 4 1

11 6
0 0
0 1

31 30 30
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Tadke4 Complance (number of sites with raing of 3 and 4 / number of appicable sites) for haul road BMPs.

Aok Comp- Chi-

cabe bcee square °©

&S 2 P BMP

18 100+0 N A 4 . Appopiaste use of winter roads.

87 BV+3 N A 2 . Use exsting roads unless they aggra vele erson

120 B2 N A 1 . Minimize number of roads

93 A+5 N A 3 . Fi road b topogaphy; avad wet arees and the toes of - dopes (pl10).

84 B+6 N A 5. Avad & sedos tet ae diod b dan (10)

93 R+5 N A 8 . Awod shap cuves (minimum 50 tum radius) (p10).

32 91 + 10 484+ k2 Cuhert extends beyond any 1l (p25).

89 V17 N A 7 . Keep roads 75 from streams, 250 fom bkes, geat ponds (p10).

92 &H+7 N A 6 . Keep road grade within 3%-5%, maximum 10% slope (p10).

49 +1 4043* 19 et edends b ste dich , Neroeping d w & [

16 8L+ 22 14 On sopes > 10% insid auvers & a 0 ° ange down sope (p25).

16 8L+22 834 2. Broadbased drainage dips discharge area protected using stone, gss, sd
$h e tc. @4

50 72+ 13 1804 15 Quvers insialed at et 1 1 bebow suface, ad sopes 5 N0k ().

50 64+ 13 1685* 13 Cuvert aoss sediondl area adeguate for water fow (Usualy minmal 15)
@

92 5% + 10 202+ 10 Drainage diches adequate to dvert w geraway  fom te roed (LL).

92 53+ 10 1757 2 Roads crowned where possible.

50 52 +14 724* 8 Cutflow length adequate, emplies ono stone, $h albgs, and w aer pe
vented from reentering road (p27).

81 7 +11 1845+ 21 Broadhased drainage dips usedispaced properly (pl3).

82 46 + 11 4546= 9 . Road banks no steeper than 21 (pl0).

36 44 + 16 1713* 23 Cutfil barks or ather exposed areas ouiside of roed bed within 75 of w aer
vegetaied or ohewise stabiized.

36 44 + 16 1106 24 Road grades broken at stream crossings and surface w derdypasdnier
stips.

68 41 + 12 2826 12 Cross drainage cuverts spaced appropriately (p25).

48 40 + 14 2926 17. Culverts maintained adequately or removed (p25).

49 7 +14 2023* 16 Cuvert shouders sigbiized wisione (p25).

59 A+12 2042% 11 Drainage ditc hes sahized (p11).

aNumber of harvested sites where BMP was applicable.
bOompllance in percent + 95% confidence bou
mm@mmmamasmmmmmmm

A rmp)not repdm o =005, * denoies regecion a o =00L Qaﬂtsaermemei
pa(mewasa;pq]'alemdiyl6dthr31205armle proved essly wih itie addiional cogt, Smply by
payngmore atenionto delal. itwoudbeasmpe

Arangement of BMPs by decreasing compli- matter (exoeptin cases of shalow bedrock) o ensure

ane b fdises denlicaion of those pac- thet culvers are insialed at least one foat below

fioes tet ae rouingly foloned The BMPs asso- the road surface and with the proper Siope o alow

caied wih roed yout and location (BMPs 1-8) for w ater movement. Secondy, ik dpadnk

generaly exhbied high levels of complance (T ae matter (albeit more costly) to use the minimum

4). Haul roads apparenty are wel planned. Given dameter abett (15 ), as wel as b ensure thet

the high costs associated wih road construction, the outfiow emplies onio siabiized maierial (Sash,

this finding makes sense. sone, etc.) and does nat reenier the dranege dich
The BMPs associated with w ater dverson fom Improving compliance with the cross drainage cu-

roed surfaces (cubverts, broad based drainage dips) vert spadng recommendations is one pracice thet

exhbied lower levels of compliance than those ooud add sgniicanty © coss.

assodated wih roed ayout and location. Although The variely of compliance rating systems coupled

compliance for wo of the w ater diversion BMPs with differences among states in BMPs that are

w as in the range of 70%-80% (le. , ahesinstaed recommended make comparison of our results with

on slopes in excess of 10% were anged 30 °; danage dher sldes dio Nevertheless, imied com-

cch dec hage area proeded), compliance with the parison provides some sense of the degree of Simi

bt 11 was relatively low (34%-55%; Tadke4 More laity and diffierences among states where compk-

effat should be devoied o addressing the btier 11 ance monitoring has been undertaken. Our results

Compliance for several of those BMPs can be im- folow a patem smiar 1 those reported for sav
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erd ses. Brynn and Clausen (1991), working in
Vemont,  reported that complance with acoeptable
management practices (AMPs, comparable o prac-
tices labeled as BMPs) invoving planning roads
and taks (3 traks not o exoeed 20% for moe
than 300 ft and truck roads not to exceed 10% slope
for more than 300 f) was high (97% and 94%, r e
Sediel) However, compiance wih those prac-
tices dealing with water diverson was low (permea-
nent road dips and culverts 28%, temporary road
w aterbars 0%, sedgdw  aerbas on 9d taks
20%). These gererd trends reflect our findings in
Maine.

Simiarity in pattems of BMP compliance are
notresiided o he Norheest Phiis et el (1994)
examined BMP compliance on 261 sites in Minne-
soiafrom 1991 0 1993, rating 5,707 indvidual prac-
fes.  Departures fom recommended practices for
w ater aossngs and drainage strudures on roads
and Sdd trails were reported 42% of the time; 40%
o those were rated as major departres or gross
gt This group of pradtices accounted for 15%
o the tolal pradtices rated, and acoounted for 45%
o the departres identiied. The authors recom-
mended educational emphasis on proper installa-
indw  aer dverson devices.

Carraw ay and Noris (1996), based on a sample
o 1B havesedsesn T exas, akoreparted higher
compliance for BMPs related to planning of haul
roads and sdd traks, rebive © those padicss
desaling with w ater dversion and crossings. Compl-
ance wih stream crossing stabiization was oy
58% whereas those BMPs dealing with road grade
spedications and a voiding sensiive areas had com-
plance levels of 93% b 9.

Our dosevations in the field indicated thet one
o the more dificut prodems encountered s pre-
sented by road systems that were constructed
decade(s) ago by what was at thet time considered
0 be acceplable praciice. Haul roads were cor-
struded by soraping surface sol down 1 the besal
il and ping the materd ouw ad This method
Eaves a road suface in whch dc  hes migaie bt
edy ov  ads the road suface as running w aer
erodes the bank near the road owver time. Dches
cannat adequately divert w ater from the road sur-
face (BMP 10) and w ater now runs down the road.
Corrective measures are very expensive becatise new
w aer dverson diches, which dstub more of the
aea, must be excavated through the material that
w as orighaly pushed up in banks at roadside. The
low compliance with BMP 10 often was de b ad
road systems.

Road maintenance (or the lack thereof) shoud
be given more attention. Because of the increasing
pressues on foresers fime, tsdnditb
retum 1o inactive Sites where road systems remain
npee.  Culverts that become partialy obstuced
wih debis controuie diredtly 0 roed deterioration
as wel as generation of sediment that reduces
stream w  aer quilly. Drainage diches thet are nat
Sabized wih dash o vegetaion povide a con-
fnual source of sediment o the dich and poten-
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ey b suce waer. The tendency for road banks
to be steeper than the recommended 2:1 grade
compounds this problem.

A common unifying theme among many of the
BMPs for which compliance was  bwi te bckd
atterion o breaking up the long, uninterrupted
Sec  hesofroed sufece. These long strefc hesc han-
nel waer fow, incessig the ersve force, and
provide a condutt for debvery of sediment diredly
to sreams.  Broadtased drainage dips, aowning of
road surfaces, and reversing road gradient (Cip)
severd feet in front of bridge approeches, shouid be
used for the reduction of long, uninterrupted
Seches.

Consiering al of the hal roed pradiices as a
shge goup wihout regard © ste, overal compk
ance with those BMPs was 6% in the current studly.
This figure represents the propartion of incvioual
haul road BMPs rated as either exceedsmeets (4),
or minor departure from (3), indvidual BMPs rela-
tve © a of the haul ad BMPs agoss the 120

sample sites.
Haul Roads—Evidence of Sediment Movement

Evidence of sediment movement (or lack thered)
assocated wih each of the haul road BMPs was
telied by three caiegores et each sie where those
practices were appicable (T aehH The strength of

this assodation was evaluated using a Chisquare
sitisic © test the hypothesis of independence

between compliance and evidence of sediment move-
ment (T ak4 The hypothesis was igecded frd
of the BMPs for whichtwas posste D 1ee ek
dence of sediment movemert (ie. , the nonplanning
BMPsin T ak4 many of those relections were at
very low probabiies (below 001 and in some cases

<0005) of meking a type | error. The generally high
ke o saisicd sgniicance couped wih pub-

khed aiiosm that the trediiondl restiicion thet

80% or more of expedted odl frequendes be greater

than5is not supported by empirical evidence (Rascoe

and Byars 1971). Therefore, this study provides
strong statistical evidence that BMP compliance sub-

mert goples © a smiar gbes that dow; cone
sequenty t Wl nat be expidly repesied
Even with BMP compliance, there may be some

sediment movement. However, that movement gen-
eraly is locaized and sediment selddom finds a

pathwayo  sufacew  aters when BMPs are followed.
There were a few exceptions in which sediment was
delivered to sreams when BMPs were installed

caredly. Drainage dic hes were instaled (BMP 11)

on oe Se b dvet water fom Seep sedios of

roed. In spite of adequate spacng and construdion,

w ater ran down the short road sedions between

dc hes and delivered sediment to a stream. At

anather ste, a alet nidy ndaled e ot

below the road surface BMP 15) hea ved W aer
foned below the cuvert resuling in sediment de-

ety 0 a sieam s impartart io port out thet

these occurrences, whie they provide spedacular

corass,  Were isoed exoepions; BMPs are efiec-
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Tae b Cross tabulation of haul road BMP compliance
haul road BMPs were applicable.

a\s. evidence of sediment movement b on sies where

Sediment Movement for Sediment Movement for
Compliant Sites Noncompliant Sites
BMP None Minor  Major None  Minor  Major

32 Qe extends beyord 1l 19 10 0 0 3 0

19, Qoss da et 39 1 0 0 5 2

14. Cuvett ange 9 4 0 1 0 0
2 Poeced dsc harge area 11 1 1 0 2 1
15. Cubert deph 28 6 2 2 10 0
13 Qubett quss sedion area 27 5 0 4 11 1

10 Adequate drainage dich 28 17 6 1 32 8

20. Road crowned 22 18 9 3 31 9
18. Outfow treatment 12 13 1 3 19 0

21 Broad based dips 15 18 5 1 28 14

9. Road banks < 21 30 8 0 3 31 10
23 QM s 10 3 3 1 2 17

24, Road grades broken 7 2 7 0 3 17
12 Cross drain cubett spadng 14 14 0 0 27 11

17. Culverts maintained 17 2 0 2 21 2

16. Cubett shouder siabized 11 6 1 1 27 1

11 Dranege dic hes siabized 12 6 2 0 31 8

2Compliant sites rated as 3 or 4; noncomplant siies rated as 1 or 2. Tatals may be lower than the number of applicable sies
(Table 4) because it was not possibe 1o rate sediment moverment for cuherts that were removed.
bSediment movement ratings were: none = 4, minor = 3, major = 2 or 1 (sedment deivery to surface watey).

e n most cases. Noncompliance,  h ariied, i S
dearly assodated wih increases in bath inadence
and severty of sediment movement (F e 7)

For noncompliant sites, there 5 a naicegbe
shitfiomthe maiiy of siesinthe caiegary‘norng”
otecepiesdo ‘minor”  ad ‘major, "whch  more
denc  haracterize the noncompliant sites. Thistrend
is visualy apparertin F e’ which preseris the

perceniage of stes rated for sediment moverment

(hone, minor,  maon) wihin each of complant and

noncompliant site groups. The singe exoepion

for BMP 14 (cuvert anged propetly). Thsrests

an aberration due to the smal sample size for

noncomplant sites; there was no sediment move-

ment in the singe noncompliart site.
Noncompliance of haul road BMPs tends to be

achronic problem that continues long after harvest

operations cease because the roads remain. Eighty-

nine percent of the observed cases of sediment

movement were judged to be longterm impacts.

Stream Crossings—Compliance

W aer featres were nat presert a evety Sie.
The number of study stes in which the various
stream crossing BMPs were applicable ranged from
160 78 (Tak 6 Deding ony wih those sies
where the BMPs were applicable, the percentage of
sites in compliance ranged from 94% to 31%. As was
the case with haul roads, the BMPs associated with
road and trail placement (BMPs 25 and 30) exhib-
iedhghlevels ofcomplance. Stream crossings were
minimized and streams were not used as skid trais.

95% confidence bounds widened from 6% to 26% as
the number of applicable sites decreased fom 78
b6

Low levels of compliance (31% t 65%) were
obsened for a varety of stream crossing BMPs
(Tak6 Compliance was  lowest for BMP 33 (31%0),
which  appled © 16 df the 120 sdy ses; logs and
brush remaining at 11 sies after completion of the
harvestimpededw  aterflow and fish passage. hte
majority of these noncompliant cases, dash was
paced in small perennial and intermittent streams
as a fod for Sidder aosag. Although the level
of compliance was low for this BVIP in the cument
study, i impartant © pont ok thet this pracice
w as a problemn on only %% of the study sies. Ret
rospective compliance with this BMP (removal of
material put into the stream) lkely would have
generated sediment in response to disturbance as-
sociated with removal; the cure may have beenworse
ten te aidon This problem could have been
avoded at the ouiset by not puting sash in the
dard n te i pace.

As was the case wih haul roed aoss dains,
aoss sediond area of aubverts used b aoss steams
w as sometimes smaller than the minimum required
@ n While this may not resut in a probem
during nommal and dry years, tee s poerE o
serious problems in wet years. The singe high
rainfal events thet coindde with spring runoff
presert a real potential for erosion and sedimenta
tion problems.
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Figue 7. Evidence of sediment movement haul road BMP compliant and noncompliant sites. None
= no sediment movement, minor = movement and no delivery to surface w aer, major = delivery
to suface w  ater.
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Tak6 Complance (number of stes with raing of 3 and 4 / number of appicabe Sites) for siream aossing
BMPs.
Axicc  Comp- Chi
ae boe square °©
&€ 2 WP BMP
78 A+ 6 N A A Mnimize stream crossings (p10).
67 a+ 7 4860 D W atercourses not used as roadways (9]
60 B+l 3R214* X Cuhertshridges used as needed b coss streans.
63 65+ 12 2793* X Streams crossed &t fight angle with reasonably level approac hes B0 bah
ks (B
43 63+ 15 554+ 7 . Quoss sediord area of culerthidge adeouete (25, 27).
39 ™+ 16 1872 3L W atercourses forded only on hard bottom and banks.
43 54+ 15 6.12* 28 Cuvertbridge location and placement adequate (p22, 27).
16 31+26 N A 3R Log cossing do hot impede w aer fow o fish passace.
aNumber of harvested sites where BMP was applicable.
bCompliance in + 95% confidence bou
Wm&mmd%wmmu%%%n? o =001 o
saisics are not reported; NA denotes nat applicable t sediment evaluation.
A vaiely o defidendes were encountered in with those BMPs was 74% in the cument study. This
bridge/culvert placement and location, it luding figure represents the propartion of individual Stream
aberts thatwere oo shott, poory Sebized et the crossing BMPs rated as either exceedsimeets (4), or
outbow (ec King fprap or vegetation), o UL minor departure from (3) individual BMPs relative
fondbgsingasinpece dfaavatarabiote. o al of the stream arossing BMPs adross the 120
A common resuit of the letter defidency was depo- sample sies.
siondsddedyinbseans, egpatalyinboose
sandy or sandy loam sois. Logs skidded across Stream Crossings—Evidence of Sediment Movement
Stinger biidges drag sl onb the logs and b the The hypothesis of independence of sediment
stream through the voids. One wayba \ad ts movement and BMP compliance was reeced o
siuation is 0 use panking in combinaion Wih most of those BMPs thet could be rated for sedi
mil et to prevert movement of sal i the w P ment movement evidence (T dr6 Noncompliance
Figy, fordngof streamswas done inappropritely is clealy assodated wih inceases n boh inc-

on soft batoms and banks for 46% of the 39 sies
where this BMP was applcable. This latter problem
pesrisadinic halenge because soft banks are
the ruie rather than the exception duing most of
the year and wet, seepy approac hes may ntfeeze
nwinter. Log aossings are ofien better then fords,
however, the temporary crossings must be removed
upon completion of harvesting.

Results for stream crossing BMP compliance in
Maine are simiar to those reported elsewhere.
and Clausen (1991) reported finding added woody
debris in 65% of the streams (wothids of which
were inermitert) that they examined in V
Phiis et & (1994) reporied departures fom otk
vert sze and instalation gudelnes for 3% of the
instances when that BMP was rated in Minnesoia.
Brynn and Clausen (1991) noted that stream cross-
ings appeared 1 be the pimary source of sedimen-
tation from timber harvesting operaions in Vea-
mont.  Their data revealed that more than 60% of
the stream crossings were made by ford. Sixty
peroent of 94 tal fords had Salde gpproeches
and bottoms, afgue tet 5 ot dsdmir b e
54% compliance with BMP 31 (w ater courses forded
only on hard battom and banks) in the current stuidly.

Consdeting al of the stream arossing practioes
a5 a 9ge gop aooss dSes, overal compliance

Brynn

emont.

dence and severity of sediment movement. Fa
noncompliant sites, there B a ndioeable shit fom
the mepiy of sies in the caiegoy ‘nong”’ o the
caegoies of ‘minor”  ad ‘mao’  whch more ofien
characterize the noncompliant sies (T de7F gue
§. The use of BMPs does not guarantee that sol
wil remain in place; there is some sediment move-
ment even with BMP compliance. However, gdaiy
rarely finds a peth to suface w ater when BMPs are
used.  An interesting exception was provided at one
site where a temporary bridge was adeguiately placed
BVP 28), but the ddd tral cuved near the ap-
proach  resuiing in sediment being dragged ino the
stream from the edge of each twich .
o ol beng deposted dredly b streams be-
tween stringers (existing BMPs were complied with)
w as mentioned previously. Sighlly gresier then heff
(58%) of the sediment movement associated with
noncompliance of stream crossing BMPs was
as longterm impact
Skid Trails—Compliance

The number of study stes in which
BMPs were applicable ranged from 111 to 118 (T
§. This category contained the greatest number of
gppicable sies, which is hardy suprising because
skd trals are a primary requirement for imber

The problem
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Tde7 Cross tabulation of stream crossing BMP compliance
where stream crossing BMPs were applicable.

et Byaimat Sain Measareas Reaat 400

ays. evidence of sediment movement b frés

Sediment Movement for

Sediment Movement for

Compliant Sites Noncompliant Sites
BMP None Minor  Major None  Minor  Major
30. Streams not used as roads 58 1 0 0 6
26. Cuhertshridges used 32 1 0 0 16
29. Right ange stream crossing 28 3 10 1 0 20
27. Cross seclional adequate 24 1 9 0 5
31. Hard bottom stream fords 12 2 0 0 18
28, Culvertbridge location 14 9 4 14 0
R W ater fow not impeded 3 3 3 5 0

2Compliant stes rated as 3 or 4; mmwmmraedasldzmabnaybemermmnnberdanﬂiem

(raHeG)becauset\NasrUpossﬂeﬁ)ralese(h\ertnwemertfu and
bSediment movement

that were removed.

raings were: none = 4, minor = 3, major = 2 or 1 (sediment delvery o surface watex).

harvestng.  The Satisical predision for the Sid
trail BMPs was the highest among the five groups
examined with 95% confidence bounds all under
10%.
Dedling only with those sites where the BMPs
were applicable, the paceniage of sies in compk
ance with skid trail BMPs ranged from 95% to 49%.
Compliance with the two BMPs associated with skid
dh yout and placement (BMPs 35 and 34) was
high (95% and 78%, iespedvel) As was the case
with haul roads, the compliance with the BMP
dealing with eiminating the long, unbroken slopes
thet concentrate flowing w aer in us for depos
tion downslope could be improved. Appication of
brush to slid trals and use of Skid humps are o
practioes that can be used 1o dleviaie thet problem.
However, skid humps are not aways used because
they may make skidding more dificuit Pisea
d. (1994) reported 62% departure (half minor, e
major) from the BMP recommending broad dips and
geck 10k for 9 tak. Skd tral gade recom-
mendations for Vemont (grades not to exceed 20%
for more then 300 ), which are more beral then
those for Maine, were compied with 97% of the
time (Brynn and Clausen 1991).
W et areas and toe sopes were avoded in only
hef of the appicable Sies in the curent sy The
presence of Wet, e exdue sob (Seepy, &
sopes’) coninues  pose an ineresting ¢ halenge
because they seldom freeze. Hence, distubance can
be prevenied only if they are operated when there
is suficent snow depth These are the sies where
skidders sk readlly, dyedg sdl ad kea ving
e s, creating downhl w aterways  thet erode
&gk, Colaboraion wih forest engineers Wl
be required o adequately address this problem.
Constkering d of the ddd 1l padices as a
sige goup wihout regard o Sie, overd compk
ance with those BMPs was 67/% inthe current studly.
This figure represents the propartion of incividual
skid tal BMPs rated as eiher exoeedsimeets (4),
or minor departure from (3), individual BMPs rela

tve © d o the Sd ral BVIPs aogoss the 120
sample sites.
Skid Trals—Evidence of Sediment Movement

The hypothesis of independence of sediment
movement and BMP compliance was igecedord
of the BMPs that coud be rated for evidence of

sediment movement (T &k 8 Noncompliance with
skd tral BMPs resuited in increased occurrence

and severity of sediment movement (T ak9F igue
9. The majority of compliant sies were ¢ haracter-
ized by no sediment movement, in sharp contrast

0 the stuation for noncomplart: Sies. Ore dfthe
inieresting exoeptions oocured a one Sie thet was

harvested when the ground was fazen, n compk
ance with BMP 36 (aluded to in the above para-

gaph). However, ddddng Et rus n a smal wet

aea tat dd nat freeze. Complance in that in-

stance was rated as a minor departuire because most

o te de was fazen Sediment originating from
that smal wet area was delvered 0 the Sream,

eaming an evidence rating of 1

Puting Tras and Roads b Bed - Complance
The number of study sies in which
puting trals and roads o bed were appicable

ranged from 16 10 98 (T ake10, Compliance ranged
from 25% to 88%. The siisicd precson for hese
BMPs was among the lowest of the fve groups
examined because of the smal sample sze. The
95% confidence bounds were all greater than 10%
and frequently exceeded 20% (T aike 10

When water bars were used, they dd inercept
waeon.  Compliance with BMP 44 was high(88%0).
However, the water bars coud have been instaled
more efiecively; compliance with BMP 42, which
recommends that the w ater bar face etend 12
above and below the road surface, was 71%. One-
thid of e w ater bars observed shoud hawve ex
tended further beyond the road surface o prevent
w ater fom reeniering te dich and should have

been nsiaked et a gester ange (0 ° doansiope).

BMPs for
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COMPLIANT SITES O None = Minor | | Major
30 Stream not used as road
26 Cuhertstridges used
x 29 Right angle stream crossing
§ i
2 27 Cross sectiond adequate
o €
z
31 \ Hard botiom stream ford
28 \ Cuherishridges location
33 W ater flow unimpeded
0 20 40 60 80 100

EVIDENCE OF SEDIMENT MOVEMENT (%) COMPLIANT SITES

NONCOMPLIANT SITES O None = Minor W Major

Stream not used as road

Cuvertshbridges used

Right ange stream crossing

Cross secional adequate

BMP NUMBER

Hard bottom stream ford

28 Cubertshidges ocation

33 W ater fow unimpeded

0 20 40 60 80 100
EVIDENCE OF SEDIMENT MOVEMENT (% NONCOMPLIANT SITES)

Figue 8. Evidence of sediment movement for stream crossing BMP compliant and noncompliant
ses.  None = no sediment movement, minor = movement and no delivery to surface w ater, major
= delivery to surface w ater.
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Tde8 Compliance (humber of sies with raing of 3 and 4 / number of appicable stes) for skd tral BMIPs.

Axicc  Comp- Chi-
abe e square °©
&€ 2 W BMP

118 B+4 N A
116 78+8 N A

3B Sd tal ddances minimized © < 12 mie | possble (p7).
3 Skidding s aass the Sope where possbe,
shap bends a voded (6)

long siopes >10% (esp. conrtd)

111 61+9 4928* Skid humps spaced appropriately and slash used to divert w aer on deep
sopes > 1% pl718).
115 2+9 38.20* 36. Sensiive sies harvestied when ground frazen (p6).
119 49 + AQ. 1= 3 Sdtesa vod wet areas and tops and toes of Slopes.
aNumber of harvested sites where BMPWasangpllcable
b(mn]mphamexares!r:\%m 2d0mmg+ 950{olypdh&es0‘ndepencler‘oe of compliance and evidence for sediment movement (
none, minar,
mep) = ( o =001 NA denotes not appicable t sediment evaluation.
Tdkea Cross tabulation of skid tral BMP compliance 2vs. evidence of sediment movement b for sies where
skid tral BMPs were applicable.
Sediment Movement for Sediment Movement for
Compliant Sites Noncompliant Sites

BMP None Minor  Major None  Minor  Major
39. Skid hump spacing 44 23 1 27 14

when ground frozen 36 21 3 40 11
3. Sdteka vod wet areas 41 15 8 43 9
a siesraed as 3 or 4; Stes rated as 1or 2. Totals be lower than the number of sies
(Table )beoalseﬁmesrﬂpmmwmiarmam mﬂnnmmw evdermbecasethesmm
bSechla"ltnwementratrmmaerme 4, minor = 3, major = 2 or 1 (sediment delivery o surface watey).
W ater bars generaly were not insialed at the dent become odostructed, redudng therr effieciveness for
sty suggested by the BMPs. drainege whie contrbuiing 1o erosion of the road

Brynn and Clausen (1991) reported only 20% banks and sufaces in proximity to the cuivert
compliance with the AMP for installation and spac- Philips et al. (1994) reported 54% compiance with
ngdwaerbasondd tas n V emont.  Com- a BMP spediying removal of temporary skid trall
pliance of 22% was reported for a simiar BMP cossings prior o spring breakup i Minnesoia,
(= w aer dverson devioss on Sdd traks) n Consckring al of the puobed pradices as a
Minnesaia. (Philios et al. 1994). Minor departures sge goup aooss Sk, overal complance wih
accounted for 52% and major departures accounted those BMPs was  54% in the cument study. This
for 18% o the ratings for thet paricuar pracice fgure represenis the proporion of indvidual puk
in the Minnesota study. tobed BMPs rated as etther exceedsimeets (4), o

Seep skid tral sedionswere natsiabizedwih minor departure from (3) individual BMPs relative

vegetation or brush on half of the stes where those
features occured (BMP 47). This deficency, com-
bined with the need for more w der bars, provides
opportunity for erosion and sedimentation by allow-
ing water to continue a dowrw ad path, noessig
esve foroes. Reqediond ue of A TVs on these
9d ek, an mpact beyond the direct contrd of
the landowner, sometimes was resoondbe for ds-
tubingw  ater bars and redudng ther effediveness.

One of the most notable problems was abert
maintenance.  Cross drainage culverts were removed
on oy 25% o sies thet were rated, poientily
providng ATV access. Ower time these culverts

1o al of the puttobed BMPs across the 120 sample
$s.

Puting Trals and Roads 1o Bed-Evidence of
Sediment Movement

The hypothesis of independence of sediment
movement and BMP compliance was igecedford
of the BMPs that coud be rated for evidence of
sediment movement. Noncompliance resulted in in-
creased occurrence and severity of sediment move-
ment (T &k 11; Foue 10, Seventysix percent of
the sediment movement associated with noncompli-
ance was fated as longtem impact
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COMPLIANT SITES ‘ O None & Minor H Major ‘
[a
0
z 36 ground frozen
o
>
m
0 20 40 60 80 100
EVIDENCE OF SEDIMENT MOVEMENT (% COMPLIANT SITES)
NONCOMPLIANT SITES ‘ [ None @ Minor B Major \
o
0
= Sensiive sites harvested when
2 36
z ground frozen
o
=
m
0 20 40 60 80 100
EVIDENCE OF SEDIMENT MOVEMENT (% NONCOMPLIANT SITES)
Figue 9. Evidence of sediment movement for skid tral BMP compliant and noncompliant sites.

None = no sediment movement, minor = movement and no delivery to surface w aer, major =
delivery to surface w ater.
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Tade 10  Complance (number of stes wih raiing of 3 and 4 / number of appicable stes) for puting sies
to bed BMPs.
Axicc  Comp- Chi-
abe e square °©
&S 2 W BMP
24 8+14 1790 4 W aer bar nieroepis w aer o (19
24 1+ 1166™ L F acedw  ater bar extends 127 above road suface and 12” below road surface
@9
24 67+20 945* A/ W ater bar outiet extends prevents reentry o dich ar 4d
24 62+21 B'W aer bars ndaked 0 ° ange downsiope (p19).
23 6l + 22 750 46 Rocks, sbsh o bgs depere ad fier w aer a Uit (19
86 M+l 2498 47. Seep 94 tral sedions stabiized wih vegetation or brush Fneeded (8, 35).
98 20 +10 20.71% 41 Adequate spacing of w aer bas ([pl18)

16 5+24

40. Cross drainage cuherts removed.

a Number of harvested sites where BMP Wasr%opllcable
bCompllance in percent + 95% confidence bou

O%m(zmmngdrdmmdBMPmmmmmmomnmm

o =005, * denoies reedion &

As was the case with the other BMP groups,
there were isdlated instances where sediment move-
ment oocurred in spite of compliance with the prac-
te. A water bar insakled on ore sie dd prevent
reentry of w &r b a dch (BMP 45).  Unfortur
nately, tew ater bar funneled sedment laden w a
diedly b a stream eaming an evidence raing
dae. Aadeatdse, BMP 47 (steep ddid tral
sedions siabized wih vegetaion) was complied
with due to natLiral revegetation. However, tedopes
were sl unsiable resuiing in some sloughing and
sediment devery to a stream.

Yards and Landings — Compliance

The number of study sies in which g yard
and landing BMPs were applicable ranged from 36
D120 T ake 12 Most of these BMPs applied
because landings and log yards are common to al

harvest operations. Thesatisical predsionwas high

Take 1.  Cross tabuiaion of putiing sites to bed BMP compliance
stes where those BMPs were applicable.

slaaxsaenammd

dee o the large sampe sze; 95% confidence intex-
vals were usualy under 10%.

Dealing only with those sites where the BMPs
were applicable, the percentage of Ses n compk
ance ranged from 53 to 96%. The degree of com-
pliance was 85% or higher for those BMPs related

© lndng locaion and ter BMPs 48, 51:53)

Compliance was  lower for those BMPs dealing w aer
dverson and sal sisbizaion Two thids of the

stes adequately dverted w aer out of lndngs ©

& 9is. Pis ed (1994) reported 92%

compliance with the Minnesota BMP recommending
drainage of suface water from the combination of

lndings and 94d trals (not separated); there was

no spediic BMP for preventing w aer dversoninb
low ying landings.
Considering al of the yards and landing prac-
fices as a sge group wihout regard o Sie, of-
al compliance with thase BMPs was 81% in te

current study. This figure represents the proportion

2vs. evidence of sediment movement b a

Sediment Movement for
Compliant Sites
BMP None Minor

Sediment Movement for
Noncompliant Sites

Major None  Minor  Major

24 W aer bar nierogpis fow 20 1 0

2L W aer bar span 12

above and below road face 17 0
4 Prevent w  aer reenty 0 dch 13 1
43 W aer bar 0
4 Outet w aer dgparsed. 11 2
47, Sebize seep Sd ek, 24 20 2
41 W aer ber spadng 19 18
40. Cuhverts removed 1 3

° downslope 13 2

2 Complant stes rated as 1 or 2; noncompliant sies rated as 3 or 4. Tolals may be lower then the number of appicable stes

(TaHe4)ba13LseImesrﬂpossﬁeDﬂe%dmrﬁnuﬂrerﬁhaNefBMme
bSediment movement

raings were; none = 4, minor = 3, mgor = 20’1($cinentdeive|ylnwfwevwbr)
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COMPLIANT SITES ONone mMinor m Major
| .
44 \ W aer bar neroepis fow
42 i W ater bar span 12" above and
T below road face

45 CTHE  roentw g ey 0 deh
o il
é 43 \ W ater bar 30 degrees doanslope
=) 4
=z
o 46 \ Outlet w  ater dispersed
2 [

47 \ Sehized seep S taks

41 \ W ater bar spadng

40 \ Culverts removed

0 20 40 60 80 100
EVIDENCE OF SEDIMENT MOVEMENT (% COMPLIANT SITES)
NONCOMPLIANT SITES O None [ Minor M Major
44 W aer ber inieroepis fow
i W ater bar span 12 above and

42 1 below road face

45 Prevent w aer reerty © dich
o
0 43 W ater bar 30 degrees downsiope
D =€
z
% 46 Outlet w  ater dispersed
z 1

a7 | ] Sebized seep 4 taks

41 || W ater bar spacng

40 \ Culverts removed
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EVIDENCE OF SEDIMENT MOVEMENT (% NONCOMPLIANT SITES)
Figure 10. Evidence of sediment movement for putting to bed BMP compliant and noncompliant sites.
None = no sediment movement, minor = movement and no delivery to surface w aer, major =

delivery to surface w ater.
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ofindvidual yards and landing BMPs rated as either
exceedsimests (4), or minor departure fom (3) in-
dividuel BMPs refative 1o al of the yards and land-

ing BMPs across the 120 sample sites.

this set of BMPs had the best overal complance
ree.  Thisresutparalelsthose of Brynnand Clausen
(2991), who reparted high levels of complance for
bog lardng AMPs in V emont.

Yards and Landings-Evidence of Sediment
Movement

The hypothesis of independence of sediment
movement and BMP compliance weas igededford
o the BMPs that coud be rated for evidence of
sediment movement (T  dk12) Noncompliance re-
suiied in inceased oocurrence and severiy of sedk
ment movement (T ade 13 Figue 11)
that made the biggest impact on sediment move-
ment was s saizaiion fdoning rding ¢ 0:3
at  The shit fom no sediment movement to the
minor and major sediment movement categories was
most dramatic for this BMP. Seventy percent of the
sediment movement associated with noncompliance
was raed as longtem impact

Ore dof the exceptions 1o the association of BVP
noncompliance with sedimentation occurred on a

As a group,

The BMP

e where sol was Siabiized afier brding ¢ loseout
(BMP 54) wih pies of imbs and tops. Seep ¢
osdddEtac imbed from the landing

into the higher ground were reseeded. However, te
steep roadbank around the delimber pies was

unsiable,  soughng of b the rced dich hge

of the nensive effars at this low hing dng on

ae e, sedimentation occurred.

Streamside Management Zones—Compliance

The number of study sies for which streamside
management zone BMPs were applicable ranged from
3 o73(Tde1d) Soniicart w ater features were
not encouniered &t d of the des, reduang the
sample size substantaly below 120. Nevertheless,

Satisical predision for complance with the mejor-

et Byaimat Sain Measareas Reaat 400

ity of BMPs in this group was reasonable; many of
the 95% confidence bounds were in the 10% to 11%
range (T aki14) There were no spediically recom+
mended AMPs for streamside management zones in
Vemont,  beyond the requirement for lea ving te
proedive siip iseff Brynn and Clausen 1991).

Dedling only with those sites where the BMPs
were applicable, the percentzge of Ses n compk
ance with the streamside management zone BMPs
ranged fom 42 o 78%. Where fier stips were
used, dash was kept out of sream ¢ hannels, and
adequate shade was retained over perennial streams
on appraximately three quiarters of the sites where
w alerfeatLres oooured. W aerfomdanage diches
found a peth o sreams on about heff of the sies;
some of those fler stips were ingfiedive (natwide
enough) or nonexistent. When sediment barmiers (sit
feroes,  hay bales) were used o comect problems,
they were nat suficent © prevert sk fom enter-
ing surface w aers for more than haff of those
instances.

Considering all of the streamside management
Zone pradices as a sige group without regard o
%, overal compliance with those BMPs was 69%
in the curent study. This figure represents the
proportion of individual streamside management
zone BMPs rated as either exceedsmeets (4), or
minor departure from (3) individual BMPs relative
to al of the streamside management zone BMPs
aooss the 120 sampe Sies.

Streamside Management Zones—Evidence of
Sediment Movement

The hypothesis of independence of sediment
movement and BMP compliance was iecedford
of the BMPs that coud be rated for evidence of
sediment movement (T  ak 14) Noncompliance re-
suied in inareased ooourence and severity of sedk
ment movement (T adke 15 Foue 12) efedive
sediment barriers (BMP 57) provided the most
striking contrast between compliant and

noncomplart as the percentage of sites assodated

Tae12  Complance (number of sies wih raing of 3 and 4 / number of appicable sies) for yards and

landings BMPs.

Axicc  Comp- Chi

abe b square °©

&L 2 P BMP

119 B+ 4 N A 52 No evdence of dscaded d or aher Luids (@)

119 B+ 4 N A 53 No evtenee o ler (@3, 31).

116 D+ 6 4942+ 51 Landng at accepable dsiance fiom proieced area (p3).

120 &+ 6 N A 48. Landings located on gente slopes wih good drainage (p3).

119 6/+ 8 2727+ 2w aer dveried OUT of lndings © fier stips ().

109 57+ 9 3142+ A Sa sghized dler Brdng closeou (3

36 53+ 16 11.96* 5 W ater prevented from running INTO low, poody draned landings (p3).

a Number of harvested sites where BMP wasr%oplmble
Compliance in percent + 95% confidence bou
Cfmﬂeslatstx:(ZdDmngdfms independence of

compliance and evidence for sediment movemert (none, minor,
megan);, = o =001 NA denoies nat appicable to sediment evaluation.



Mare Agiakd Ard For

Tae 13 Cross tabulation of yards and landings BMP compliance

stes where landing BMPs are applicable.
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5

avs. evidence of sediment movement® f o

Sediment Movement for

Sediment Movement for

Compliant Sites Noncompliant Sites
BMP None Minor  Major None  Minor  Major
51 Landings not near protected areas 104 0 0 6 3 2
4 W ater dverted Out of landing 56 20 4 7 20 9
54 Sd sehized 38 22 4 33 8
5 No water fow Inp lbnding 15 4 0 3 11 1

stesraed as 3or 4;

sies rated as 1 or 2. Toiaks may be lower than the number of applicable sies

('Ifableg Mkmrpmmmmmmmmmmmmmm@hmm@gm

wih new i fom excavaiion 1l for new

b Sediment movement ratings were: none = 4, minor = 3, maor = 2 or 1 (sedment delivery to surface watey).

with major sedimentation shited from 2% to 81%,
respedively (F ue 12) Simiaty, terminaion of
drainage ditc hes dredly into suface w aers @
spedic case o fier sip asence) resuked n
marked increases in sediment delivery o streams.

There were a few isdlated instances of BMP
compliance where sedimentation did occur. Ore of
the sies suded was in compliance with BMP 61
(drainage ditc hes terminaie in fier stips, gos
sufacew a9 However, sedment dd find a path
D the steam a ane bcaion. t 5 impotant ©
point out that these instances are isolaied. The
majoity of cases stongly suppot the general as-
sertion that BMP compliance substantially reduces
sedimentation.

BMP Compliance—Organized vs Unorganized
Towns
There were no practical differences in BMP com-
pliance between the organized and unorganized town-
dis(T dk16 The sample size a etk fr ts
comparison was  smal because nat al of the BMPs

were godcabe ond ofthe dies. Consequenty,  we
evaluated the difference in mean compliance within
each of the BMP groups. Fareach BMP within each

o the sSix graups, tea verage propation of sies on
which the BMP was  appicable was caoaied for
eech of the unorganized and organized towns. The
mean difference in compliance for the BMPs in that
group was  computed,  along with the 95% confidence
nend for thet diierence.

The 95% oonidence inieval for four of those
groups (Stream crossings, puting © bed, by yards
and landings, streamside management zones) in-
duded zero.  The confidence inenval for mean df
ferences for BMP compliance for haul roed (004 -
014) and sdd tal BVIPs (002 - 026) were el
tvely wide. Although those confidence intervals did
ntic  lude zeo, the lower bounds were very ¢ e
Dzo.  Suchbwvales indcae saisicd i
cance but ek any pradicd nterpretation.

Ore o the fadors contbuing © Satisical
significance for compliance with haul road and skid
tral BMPs between organized and unorganized
towns s the lkelihood of encountering more prob-
lems on bger Jies. The larger harvest aress are
located in the unomanized towns (T de2 There
is a weak correlation between harvest acreage and
BMP compliance (T ak 1AW ih the exoepion o
one BVMP (BMP 56), the statistically significant

Tade 14  Complance (humber of sies with rating of 3 and 4 / number of gppicable stes) for sreamside

management zone BMPs.

Axicc  Comp- Chi-

abe bce square °©

&S 2 WP BMP

63 78+ 10 N A 5 Adequate shade retained over perennial streams (p33).

73 77+ 10 5546 BF ier stips used where needed (pl5).

68 74+11 2518+ 5 Sksh ket out of stream channdl (p37).

72 71+11 2917 aF fer sip s adequaiely vegelaied and the duff is undisturbed (p16).

73 67+ 11 3292 BF ier sip widh adequaie for Sope gadent (pl6).

47 5+14 284 6l Drainage ditc hes 'emree n fler s, not suface w aes (pl)
31 42 +18 925 57. Sedment bamers eflecively used o prevent sediment fom entering

Seam (A0

aNumber of harvested sites where BMP was applicable.
"Compliance in percent + 95% confidence bound.

°Chi-square statistic (2 df) testing hypothesis of independence of BMP _compliance and evidence for sediment movementofnonajonirt
denotes rejection at a = 0.05; ** denotes rejection at a = 0.01. Non-significant statistics are not reported; NA dengibsabt. ap
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Figure 11. Evidence of sediment movement for landing BMP compliant and noncompliant sites. None
= no sediment movement, minor = movement and no delivery to surface w aer, major = delivery

to surface w ater.
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Figure 12. Evidence of sediment movement for streamside management zone BMP compliant and
noncompliant sites. None = no sediment movement, minor = movement and no delivery to

surface w  ater, major = delivery to surface w

ater.
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Tade 15  Crosstabulation of streamside management zone BMP compliance a\s. eiaed sediment movement  °
for sites where streamside management zone BMPs are applicable.
Sediment Movement for Sediment Movement for
Compliant Sites Noncompliant Sites
BMP None Minor  Major None  Minor  Major
R Fier stis used as needed 55 0 1 2 1 1 3
5% No dbsh n sream ¢ hannel 50 0 0 10 8 O
60 Vegeaed f dis 50 0 0 10 2 8
3 Fier sip widh adequate 48 0 1 9 3 1 1
61 Dranage teminates in fier
P 21 1 4 2 2 1 6
57. Sediment bamers used 5 3 5 0 2 1 4

aCompliant stes rated as 3 or 4; noncomplant sies rated as 1 or 2. Totls le lower than the number of applicable stes
GablelZ)be(ausetm;asrﬂmssbletoraBmﬁpiarm m%nmmmmmmm

bSedrrmtnmmmrairmmee none =4, minor = 3, major = 2 or 1 (sedment delivery o surface watey).

coeficents were negative (arger acreage assodated caiegaty of minor departure; t s a conoept thet is
with noncompliance). The chances of encountering diiot © qeniy eadly. The rating system used
w aler featres andior dificut topography increase represents an attempt to capture bath the inddence
with increasing harvest acreage. and the quality of BMP implementation of BMP
insckion. This was  atempted by () having a

Public Awareness of BMPs sge person responste for raiing A of the prac-

Landowner knomedge of the existence of har- foes oneach se and () f8d calaaion invohing
vest guideines tended 1o be greater in the unoger the field evaluator and the evaluation team (subset
nized towns reiative o the organzed toans (T abe e Faesty Advisoy T eam - FORAT)  comprised
18  The smal sample size (39-51 responses) intro- of interested indviduals fom bath the pubic and
duced a low degree of statisical precision; 95% pivete secors.
confidence intervals ranged from 11% to 16%. There The field work component presented a dificuit
was a higher degree of landowner famiarity wih chalenge because many of the sies, whch  were
the BMPs themselves and for landowners to require wel dstrouied over the entie e, encompassed
contraciors 1o use BMPs in harvest operations in hundreds of acres. In most cases, twas impassbe
the unorganized towns. The level of nvolverert of D ooerase nis enigy wihn e fouro sk
pofessional foresters akso tended © be higher in houss aloted. The solution was © foous on poent
the unorganized towns. tial problem areas and work outward from those

These resuts suggest that an educaion pro- areas.  lsoated problems in low eosion hazard areas
gram is needed t instruct landowners and contrac- (minimal refief and alosence of surface w aters) may
tors in the application of BMPs. have been missed. However, ach areas are nat key
. . sources of sedimentation for surface w aers.
Limiations of This Repart The popuision of havesied sies idertiied using

This siudy examined sies within a period of
Zero o two groning seasons folowing hanvest. Con
sequertly,  shorttem sie impedts thet are amelio-
rated by natural revegetation folowing hanvestwere
missed. Secondly, thee 5 a degee of suediy

the inent o harvest forms fied wih the Maine
Forest Senice may ntic Lwkeddtessac
tualy harvested. There is anecdotal evidence
suggest thet the reporting s less than complete.

. . ; s Data provided from inspections by the Maine F oest
mvobed n the complance raiings, ey e Senviee incicates et in 1994, rofce of it -

Tabe 16 Dieence nte a verage BMP compliance proportion (P g umrg)trirefwegumd BMPs.

Group N @ P P oy P = P g 95% ClI
Haul roads 24 073 064 009 004 -014
Stream crossings 9 074 063 o1 014 - 05
Sd tab 5 074 060 014 002 -026
Puting to bed 8 065 04 o1 o2 - 024
Log yardslandings 7 084 073 o1 0002 - 022
Streamside management zones 7 067 066 001 011 - 013

aSample size for the tstatistic is the number of BMPs for which mean proportions for compliance were computed for organized
and unorganized towns.
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Tae 7.  Speaman rank comelation coefficents () between harnvest acreage and BMP compliance (1 = no,

2=y

BMP ra
3 Fi roed  topogaphy; avod wet arees and the toes of  sopes (p10). 023
5 Awd & sdos te ae diot © dan (@10 10724
7 Keep roads 75 fom streams, 250 fom bkes, geat ponds (pl0). 026
23 Qi sehizd 035
3 Skddng s acoss the dope where possbie, long Sopes >10% (esp. doarhl), hamp

bends a vaded ([6) 0244
3 W aer bas insaled 0 ° ange doansiope (p19). 046
4 W aer dveted OUT o lbendngs © fler stips (3) 016
5% Shsh kept out of sream channel (p37). 029
2Oy syniicart comeiaion coeficers ae repored.

Tadke18 P  osiive responses (with 95% confidence bounds) to survey questions regarding knowledge of BMPs

Organized T owns

Unorganized T owns

Surnvey Question

Al Responses Study Sies

Al Responses Study Sies

Prior knowmedge of BMPs (%0) 53+14

Famiiarity with BMP guidelines (%) 45+ 14 H+16
Require logger BMP compliance (%) 45 + 14 4 + 16
Professondl forester provide advice @0 65 + 13 64 + 16
Number of Responses 51

69 + 13 72+14
67 £ 13 67 £15
63+ 14 67 £15
.1l 9 +13
49 39

aSeparated into al potential stes (240) and sites adualy sampled (120). Percentage responding posiively plus or minus 95%

confidence bound.

vest foms were fied for 8% of hanvesied Stes. It
is reasonebie 0 expedt thet at ket of a pofion of

those dies for whch naiicaion 5 nat submited

o the sate shoud have a low rate of BMP com+
plance.

The ksue of the poientid biss inroduced by
lbndonner refusal o alow enty for the soeniist
performing the BMP compliance assessment is a

minor consideration in the curmrent stdy. Entry was
refused only on wo properties, which  represents
less than 2% of the SiLdy stes examined. Therefore,
i 5 reasoreble b aonc lude that no bias was no-

duced D the resuis fom this source.
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