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Abstract

Selected timber harvest, new road construction, and haul road maintenance best management practices
(BMPs) were-evaluated to determine their effectiveness. Specifically, the study assessed whether the
BMPs achieved state water quality standards pertaining to sediment-related water quality impacts during
the first one to three years following the practice. This investigation focused primarily on surface and
stream channel erosion processes. A case study, weight-of-evidence approach was used to assess BMP
effectiveness. Measures of effectiveness included erosion and sediment delivery to streams, physical
disturbance of stream channels, and the condition of aquatic habitats and biologica communities. Much
of the 1992-1995 study period was characterized by below-average to average precipitation. Streamside
buffers (Riparian Management Zones and Riparian Leave Tree Areas) were generaly found to be
effective at preventing sediment delivery and direct physical disturbances to streams. Ground-based
harvest and cable yarding in the vicinity of streams without buffers was generally found to be ineffective
or only partially effective at preventing sediment-related water quality impacts. Practices for installing
stream crossings for new road construction were generally found to be ineffective or only partialy
effective at preventing chronic sediment delivery to streams. Road drainage BMPs, specifically practices
for installing relief culverts, were found to be effective at over half of the new road sites evaluated.
Practices for construction and stabilization of cutslopes on road segments draining to streams were
generaly found to be ineffective or only partially effective at preventing chronic sediment delivery to
streams, while fillsope construction (beyond the immediate area of stream crossing fills) was generally
found to be effective. A very limited evauation of practices for maintaining active haul roads found that
these BMPs appear to be effective at minimizing sediment delivery to streams during light to moderate
runoff events. However, the small sample size and lack of major storm events precludes drawing firm
conclusions regarding this BMP category. Various factors influencing the effectiveness of the BMPs are
described. General recommendations are provided for improving ineffective and partially effective
BMPs to ensure a high confidence of achieving water quality standards by preventing or minimizing
chronic sediment delivery to streams and avoiding aquatic habitat degradation.
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Summary

Selected best management practices {BMPs) for timber harvest, new road construction, and haul road
maintenance were evauated in this sudy. The evauation focused on determining whether these BMPs
are effective at achieving state water qudity standards pertaining to sediment-related water quality
impacts. Field investigations were conducted to assess surface  and stream channel erosion processes
during the firgt one to three years following the forest practice operations. Determining the effectiveness
of the BMPs & preventing water qudity effects that may occur over longer time frames, indluding effects
due to mass wasting processes, is not within the scope of this study. A number of quditative and
Quantitative survey techniques were employed in a case study approach to assess surface erosion and
chronic sediment ddlivery to streams, physical disturbance of stream channels, and the condition of
aquatic habitats and biological communities. In most cases, two or more survey techniques were applied

at each dudy dte. The different survey techniques provide different kinds of evidence on forest practice
effects, leading to a weight-of-evidence approach to determining BMP effectiveness.  Pooled results
from the case studies were analyzed to evaluate differences in BMP effectiveness among sites with

different environmental and forest practice settings.

A tota of 86 BMP examples, implemented under varying degrees of landscape hazard, were evauated a
36 different sudy Stesin six of the nine physiographic regions of Washington. These include 38
examples of harvesting practices (ground-based and cable yarding practices, Riparian Management

Zones or RMZs, and Riparian Leave Tree Areas or RLTAs), 44 examples of new road congtruction
practices (water crossings, road drainage design, and cutslope and filldope congtruction techniques), and
four examples of active haul road maintenance practices.  Much of the period of field observation for this
study (summer 1992 through summer 1995) was characterized by below-average to average

precipitation, with a lower frequency of magor storm events than occurs during some years. Because

more severe erosion and stream channel disturbance may result from more severe weather conditions, it

IS prudent to take a conservative approach to applying the findings of this study.

Timber Harvest Practices

Summary of Harvest BMP Effectiveness

Number of  Percent rated Percent Rated Percent Rated

Practice Evaluated Examples Effective Partially  Effective Not Effective
RMZ 21 81% 19% 0%
RLTA 4 75% 25% 0%
Ground-based Yarding wfo buffers 10 10% 30% 60%
Cable Yarding wfo buffers 3 0% 0% 100%

Streamside buffers (Riparian Management Zones and Riparian Leave Tree Areas) were generaly found

to be effective a preventing sediment delivery and direct physica habitat impacts to streams, with both
ground-based and cable yarding methods. Twenty examples of buffer practices  (80%) were rated
effective and five examples (20%) were rated partidly effective. The twenty-five examples of stream
buffering practices included fifteen westside clearcut harvests, five of which were found to be partialy
effective, and 10 eastside partid cut harvests. Practices for faling and yarding timber in the vicinity of
streams without buffers were generally found to be ineffective, for both ground-based and cable yarding
techniques. The primary operationa factors influencing harvest BMP effectiveness were: 1) the

proximity of faling and yarding activities to streams; 2) the presence or absence of  stream buffers; 3) the
type of harvest or silvicultural practice; and 4) the method of yarding timber, especialy whether streams
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were crossed by yarding operations. Important Ste factors were the density of smal streams a harvest
sites and local site topography, especialy the steepness of inner stream valley Slopes.

Sediment routing surveys conducted a 18 different harvest units documented 405 individuad erosion
features. Erosion directly atributable to contemporary timber harvest activities accounted for 88% of the
total exposed soil area measured at harvest sites. Of the 405 erosion features identified, 157 were found

to deliver sediment to streams. Of the 157 erosion features that delivered sediment to streams, 94% were
located within 10 meters of streams. By contrast, only 5% of those features located more than 10 meters
from streams ddlivered sediment. The 33 individua sediment routing survey aress covered sreamsde
zones and hilldopes within about 60 to 80 meters of streams.

The relative amount of exposed soil associated with harvest-attributable erosion features that delivered
sediment to streams is an index of the magnitude of sediment delivery due to harvest operations, and this
varied considerably among the different categories of harvest practices.  The average amount of exposed
soil per hectare associated with harvest erosion features that delivered sediment to streams was 39 times
higher during the first year after timber harvest a Stes without buffers than at Stes where stream buffers

were used (981 m¥HA compared to 25 m*/HA). During the second year following harvest, the rdlaive
amount of exposed soil from harvest erosion features that delivered sediment to streams was 15 times
higher a sites without buffers (493 m/HA compared to 33 m*/HA). Harvest without buffers aso
produced consderably higher leves of overal ground disturbance in the vicinity of streams. an average
of 20% of the area surveyed, compared to 6% ground disturbance a harvest Stes with buffers. These
differences between harvest with stream buffers and harvest without buffersin the average amount of
erosion associated with sediment delivery, and in overal ground disturbance, were statistically
sgnificant at the 99% probability leve for firg-year comparisons, and at the 98% probability leve for
second-year  comparisons.

On average, clearcut harvests had 3 times more exposed soil associated with harvest-attributable erosion
features that delivered sediment to streams than did partid cut sites during the  first year surveyed (408
m¥HA versus 133 m*/HA), but 14 times more during the second year surveyed (294 m*/HA versus 2 1
m*HA). Cable yarding produced 3 times more exposed soil per hectare from harvest erosion features

that delivered sediment to streams than did ground-based yarding during both the first year (591 m*/HA
versus 230 m%HA), and the second year following harvest (403 m*HA versus 124 m*%HA). The
differences in average erosion levels between harvest types and yarding methods were not dtatisticaly
sgnificant a the 95% probability level.

Based on the extent of exposed soil associated with erosion features that delivered sediment to streams,

the main causes of erosion at harvest sites were skid trails and other timber yarding activities (e.g., cable-
yarding, shovd trails, landings, and ground-based yarding outside of skid or shovd trails). Isolated tree
faling activities, and eroson caused by wildlife and livestock, fluvial stream bank erosion, and other
erosion features unrelated to timber harvest activities accounted for relatively minor amounts of

sediment delivery. Windthrow features (at Stes with stream buffers) made up about 25% of the totd

number of erosion features that delivered, but accounted for only 3% of the total exposed soil associated
with ddlivered features. In dl, erosion festures directly attributable to ground disturbance during timber
harvest operations accounted for 57% of the 157 erosion features that delivered sediment to streams, but
87% of the totd exposed soil associated with al features that delivered.

Stream channel conditions reflected the degree of sediment delivery and direct mechanical channel
disturbance at harvest stes. Overdl, channe] conditions within buffered streams were not sgnificantly
different from unharvested control streams, athough there were increases in stream bank disturbance due
to windthrow at clearcut Siteswith buffers. Stream bank erosion surveys found that the average extent of
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bank erosion in streams unaffected by timber harvest was about 7% of tota bank length, with about 92%
of this eroson atributed to scour by flowing water. Where type 4 and 5 streams were not buffered,
impacts to streams were sometimes severe, especidly within clearcut harvest units. These impacts
included extensive tine sediment depostion from streamside erosion features and other streambed
changes, including increased streambed mobility, destabilization of sediment storage elements (e.g.,
large woody debris), and burid of substrate by dash. Increased erosion of upper and lower stream banks
due to direct mechanical disturbance during logging was aso observed in unbuffered streams.

Biologicd assessments included limited use of macroinvertebrate community surveys, aswell as
amphibian surveys conducted by other researchers at some of our study Sites. Macroinvertebrate
sampling in two streams affected by clearcut harvest showed indirect effectsin one stream (eg.,
temporary changes in community composition), and no measurable effects in another Stream over the
first two years following harvest. Amphibian studies of RMZ effects were largely inconclusive due to
low numbers of in-siream frogs and salamanders in the sampled streams. One study of the effects of
clearcut harves with RLTAs found decreased tailed frog densities associated with timber harvest.

Road Design and Construction Practices

Summary of Road BMP Effectiveness

Number of Percent rated Percent Rated Percent Rated

Practice Evaluated Examples Effective Partially  Effective Not Effective
Water Crossing Structures 11 Roads 18% 36% 46%
Individual Culvert Crossings 42 Xings 26% nfa 74%
Individual Bridge Crossings 1 Xing 100% n/a 0%
Drainage Design-Relief Culverts 11 Roads 55% 36% 9%
Individual Relief Culverts 49 Culverts 82% n/a 18%
Cutslope Construction 11 Roads 18% 36% 46%
Fillslope Construction 11 Roads 82% 9% 9%

New road congtruction BMPs were generdly found to be ineffective a preventing chronic sediment
ddlivery for practices occurring in the vicinity of streams.  Spexificaly, examples of BMPs for water
crossing structures were rated ineffective a five of the new roads  {46%), with four road congruction
examples (36%) rated partialy effective, and two roads (18%) rated effective. Seventy-four percent of
the 42 individual stream crossing culverts evaluated at nine of 10 new roads (including two temporary
crossings) were found to be ineffective at preventing chronic sediment ddivery to streams, primarily due
to erosion of culvert tills. One example of a temporary bridge crossing at another road was not a source

of chronic sediment delivery. Eleven of the 42 culverted stream crossings, located at four of the roads,

were not chronic sources Of sediment to streams.

The primary factors influencing the effectiveness of BMPs for stream crossings were the degree of
armoring provided to culvert fills, steps taken to control construction phase erosion and speed

revegetation, the height of culvert till sections, and environmentd factors related to bedrock lithology
and the dimate/precipitation regime at the Ste. The development of gullies on some culvert tills was an
important factor associated with chronic sediment delivery to streams.

Other observations regarding stream crossing culverts relate to potentid effects on the migration of
aguatic organisms. Sixty-five percent of the new permanent stream crossing culverts evaluated were
found to have outfalls hanging above the streambed, with vertical drops ranging from 0.2 to 2.3 meters.
Over haf of al culverts had vertical drops of 0.4 meters or greater  at the outfal, indicating a widespread
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potentia for outfall barriers that could impede the migration of agutic life, especidly in smdler

streams, Crossings of streams recognized as used by  anadromous fish currently require specia practices
to maintain fish passage. Current rules aso require that culvert inflows and outflows be constructed at or
below the natura streambed elevation “when fish life is present”, but this requirement done may not be
adequate to maintain fish passage over the long term. Where stream gradients are steep, addressing this

issue will likely require consideration of aternatives to culverted road crossings, because in steep

streams, culverts set a grade are just as likely to impede the passage of fish and other agquatic life as are

hanging culverts.

Road drainage design BMPs, Specificdly practices for locating and ingtaling relief culverts, were found
to be effective at Sx of the new roads(55%), partialy effective a four roads(36%), and ineffective a
one road (9%). Since the intent of these BMPs is to relieve road drainage before it causes excessive
erosion and enters the stream network, relief culvert practices were rated effective if there was no

evidence of sediment being routed to a naturd stream channel.  Eighteen percent of the 49 individud
relief culverts evaluated a 5 of the 11 roads referred to above, were found to deliver sediment and road
drainage to streams via channel development or overland flow.  Sediment transport distances below these
relief culverts ranged from 11 to 100 meters. This ddivery essentialy represents an expansion of the
channel network in the affected basins. When drainage from a section of road is routed to a natural

stream channel, the length of that road section plus the new drainage route is effectively added to the
channel network of the watershed. This can change important characteristics that affect how the
watershed responds to runoff (eg., rainfal and snowmelt) events.

Sixty-seven percent of dl relief culverts monitored had channd development or distinct overland flow
sediment plumes developed below their outfalls during the first one to three years following road
congtruction. Overadl, sediment transport distances downdope of relief culvert discharges ranged from
less than 0.5 meter to 160 meters congdering al relief culverts monitored, including those that did not
deliver to streams. Longer sediment transport distances were associated with greater drainage distances
and vertica spacings (i.e., the vertical drop/hydraulic head aong the drainage distance for aredlief
culvert) between culverts. The longest sediment transport distances were associated with drainage
distances greater than 110 meters and vertical spacings exceeding 10 meters. Sediment transport

distance also varied with different bedrock lithologies, which suggests that road drainage design
guiddines could vary by lithology type. Relief culverts at roads built on sedimentary lithology most
consistently had downdope sediment transport, and had longer sediment transport distances, with higher
proportions of relief culverts that delivered sediment to streams.  Downslope sediment transport was
much less likely and transport distances were shorter at volcanic sites, except for those on steeper

hilldopes.

Since one of the main purposes of indaling relief culvertsisto divert road drainage away from streams,
road location relative to stream location is the primary factor determining the effectiveness of road
drainage BMPs. For relief culverts located within a dope distance of about 90 meters from any Stream
channel, sediment traps and energy dissipators or flow Spreaders are needed to have a high confidence of
preventing delivery of road drainage and sediment to the stream system.  The use of dlash piles or berms
was not found to be effective a preventing sediment transport downdope of relief drainage discharges,
because they are easily undercut or by-passed by concentrated discharges. It should be noted that our

field Sudies did not evaluate relief culverts discharging onto steep hilldopes, which have the potentid
for greater sediment transport distances. Therefore, the setback distances suggested in our
recommendations for applying additiond practices may only be applicable to roads where relief drainage
is discharged onto low to moderate hilldopes (where dope gradients below the road are up to around
40%).
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BMPs for congruction and dtabilization of cutslopes on road segments draining to streams were rated
ineffective at five of the new roads (46%), partidly effective at four roads (36%), and effective at two
roads (18%). Fillstope condruction practices (excluding the immediate area of stream crossing tills)
were rated effective a nine roads (82%), with one road (9%) rated patialy effective and one road (9%)
rated ineffective. Since sediment from fillslope erosion generdly is not trangported long distances
because it lacks concentrated flows, road location in relation to streams and control of road surface
drainage were the mgor factors influencing the effectiveness of tilldope congtruction practices.

The effectiveness of road congtruction practices is influenced by steps taken to control construction

phase erosion and promote the establishment of vegetation on cut and till dopes, and to control ditch
erosion. The development of gullies on cutdopes and in ditches was a maor factor associated with

chronic sediment ddivery from road prism erosion. Hydromulch combined with grass seeding was
effective a increasing ground cover a some sites, but could not control gully erosion or small-scae mass
erosion on cutdopes. The maority of road construction Stes relied on natura revegetation or dry grass
seeding without mulching, and this was generaly not effective in preventing chronic sediment ddivery
to streams, because sediment generated from cutslope and ditch eroson within contributing drainage
segments is often routed directly to streams. Loca topographic and soil conditions that promoted
infiltration of ditch flow or resulted in fortuitous sediment trgpping influenced effectiveness a some road
segments by preventing direct sediment deivery to streams via ditch flow. Lining the ditch with rock
riprap Was effective a preventing chronic sediment delivery at the one Site where this practice was
observed. Bedrock lithology and precipitation regimes were environmenta factors influencing the extent
of chronic erosion and sediment delivery to streams from road congtruction practices. Site factors that
influenced the rate of revegetation on cutdopes were cutslope angles and cutslope heights, both of which
are associated with the hilldope gradient of the site.

Where road BMPs are revised to better achieve water quality standards, it should be kept in mind that
certain more costly erosion control practices are pecificaly needed in the vicinity of stream crossings
and for road segments that drain to streams either directly via ditches or potentialy via drainage relief
discharges. Therefore, the additiona costs of such practices do not gpply to the entire length of
congtructed roads, and such costs can be minimized through careful road location and drainage design.

Other Practices

A very limited evauation of practices for maintaining active haul roads found that the examples of these
BMPs evaduated were effective a minimizing sediment ddlivery to streams during light to moderate
runoff events. Although based on a very smal sample, we observed that, compared to new road

congtruction, well-established “mainling” haul roads appear to be less important as a source of sediment
from road prism erosion, so long as a competent trave-surface is maintained. This differenceis
attributed largdly to the flatter topography at mainline haul road sites and the long-term establishment of
vegetative ground cover on cutdopes and ditches a these older roads. However, this observation is

based on sampling only four Stes during baseflow conditions and light to moderate runoff events. Since
we were unable to include more examples of haul road maintenance BMPs and to evauate conditions
during mgor storm events, we are unable to draw  firm conclusions about these practices.

Water typing definitions and practices, and the use of ambiguous or unredistic performance standards,
were found to be important factors influencing the effectiveness of certain operationad BMPs. Current
practices, which rely heavily on default water type mapping based on remote sensing methods, are
resulting in a substantiad number of water typing errors and waters that are not identified on forest
practice Ste maps, particularly for smdl (type 4 and 5) streams. In addition, water type definitions for
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type 4 and 5 dsreams are not consistent with the beneficid use provisions of the water quality standards,
which isafactor influencing how BMPs are applied to these streams. Current forest practice rulesrely
heavily on peformance standards, especialy for road congtruction erosion control, without specifying
practices known to be effective a achieving the performance standards and preventing sediment-related
water qudity impacts. In many cases, this introduces a source of ambiguity into the BMPs, which has
been observed to lead to inconsistent and ineffective application of practices.

Recommendations

Generd recommendations are provided for improving ineffective and partidly effective BMPs. These
recommendations are intended to attain a high confidence of achieving water quality standards by
preventing or minimizing chronic sediment ddivery from surface erosion and avoiding physica
disturbances and habitat degradation in streams. The recommendations include:

o A Duffer or streamside management zone of at least 10 meters should be maintained on al streams,
in order to avoid chronic sediment delivery and direct disturbance of streams from harvest-related
erosion.  Ground-disturbing activities should be excluded from the 10-meter zone except for
sHective, directiond tree fdling. Yarding activities that expose soils to erosion or cause direct
stream channel disturbance should be avoided within this zone.

Where crossings of RMZs, RLTAs, or other streamside buffers are necessary for either cable or
ground-based yarding, these should be limited to areas where valley and stream channel profiles
provide the most gentle dopes, except where steeper dopes better facilitate full suspension of logs.
Exposed soil within 10 meters of the stream should: be revegetated following the completion of
crossing activities. Full sugpension of logs should be used within the 10 meter zone. In generd,
many of the practices for felling, bucking, and yarding timber, and for dash disposa and post-
harvest site preparation, which are currently applied only to types I-3 and in some cases type 4
waters, should be applied to al streams in order to prevent chronic sediment delivery and stream
channel  erosion.

« For culvert filis a stream crossings, amoring (e.g., rock riprap) should be required on both the
inflow and outflow side of the road.  Construction phase erosion control measures should be applied
to dl culvert tills a stream crossings.  Specid atention to amoring and  revegetation is needed on
tills greater than three meters high (at the downstream side of the road), to prevent  gullying and
localized mass wadting processes. In dl cases, the height of culvert fills should be minimized.

The extent to which stream crossing culverts become migration barriers to resident fish and other
aguatic life, and the implications of such barriers to ecosystem integrity, should be fully evaluated.
If subsequent evaluations determine that adverse ecosystem effects are occurring, measures to
mitigate such effects should be developed. Alternativesto using culverts for crossings of steep
dtreams, such as temporary or permanent bridges or other temporary crossings, should be promoted
as a preventative measure.

« Road location practices should minimize new roads within about 150 meters of streams in order to
minimize the integration of road drainage with the stream system. Practices specifying maximum
spacing of relief culverts should be revised for road segments within about 150 meters of any stream
channd. Practices that result in culvert spacings with less than 110 meters drainage distance and/or
10 meters vertica spacing, in consideration of actua loca drainage divides (rather than nomina road
length spacings), would appear to be appropriate for near-stream roads.

Page Xii




Where relief culverts or water bars discharge within about 90 meters of any stream channel,
adequately-sized sediment traps and energy dissipation and/or flow spreading measures should be
applied to the discharge to prevent the road drainage from integrating with the natural stream
network. Relying solely on dash berms or piles is not adequate to prevent channel development
from concentrated discharges, such as relief culverts.

Standard BMPs should include practices to provide construction phase erosion control and speed the
establishment of vegetative cover cm newly constructed cutdopes and ditches within road segments
that drain directly to stream crossings. Such practices should be applied regardiess of water type. As
a generd recommendation, performance standards and practices for dtabilization of soils in the
vicinity of streams, for keeping sidecast and construction spoils out of streams, and for diversion of
direct entry roadside ditches should be applied to al water types in order to prevent chronic sediment
delivery from forest roads. Rock riprap or other erosion control measures should be applied to

ditches in highly erodible soils, and sediment traps should be incorporated into ditches and
maintained to store cutslope materia eroded during the congiruction phase, especidly where gully
development or doughing of cutslope materid is aknown problem.

More rdligble practices for identifying and dassfying watersin the vicinity of forest practices should
be implemented. In recognition of the important role they play in eroson and sediment transport
processes, and in order to be consstent with the beneficid use provisons of the water quaity

dandards, water typing definitions and practices should recognize the intrinsic aguatic resource

vaues of type 4 and 5 dtreams, as well as their influence on downstream waters,

Performance standards that are redistically achievable should be used to set gods for the  BMPs, but
should not be solely relied upon to prevent water quality impacts. Where used, performance
standards should be accompanied by a set of minimum management practices expected to have a

high confidence of achieving the performance standard, and ambiguous language should be avoided.
Operator flexibility and innovation can be provided for by alowing dternate practices with equa or
greater  effectiveness.
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Introduction

This report presents the results of au evaluation of selected timber harvest, new road construction, and
active haul road maintenance best management practices (BMPs} to determine their effectiveness in
achieving state water quality standards pertaining to sediment-related water quality impacts. The study
was conducted by the Washington State Department of Ecology as part of the Timber/F ish/Wildlife
Cooperative Monitoring, Evaluation, and Research Program. BMP effectiveness evaluation is a critica
part of an iterative adaptive management process whereby BMPs are initially established using best
available information on water quality protection measures and operational feasibility. This is followed
by evauation of the practices to determine whether they achieve the water quality protection objectives.
Feedback from the evaluation process is then used to improve the effectiveness of those BMPs that are
found to be inadequate at meeting the water quality objectives.

The Washington Forest Practices Rules and Regulations (Title 222 WAC) contain numerous BMPs
intended to minimize the impacts of erosion and sedimentation on water quality. These water quality
BMPs, which are individually identified as such in the forest practice rules, are co-adopted by the
Department of Ecology regulations in Chapter 173-202 WAC. The fundamental test of BMP
effectiveness, as used in this study, is the extent to which the BMPs achieve compliance with
Washington's surface water quality standards by avoiding sediment-related water quality impacts from
forest management activities. In genera terms, these standards prohibit the degradation of aquatic
resources in such a manner that it may impair the suitability of water for any aquatic life, wildlife, or
human use (i.e., beneficial or characteristic uses). The standards apply to all types of surface waters.

The water quality standards regulation (Chapter 173-201A WAC) includes both numeric and narrative
criteria that apply to sediment-related impacts. Numeric criteria for turbidity prohibit an increase of 5
NTU, or 10% over background levels, whichever is greater. These turbidity criteria generally apply to
short-term, localized turbidity events, but are also applicable to long-term sources of turbidity. Narrative
criteria that apply to sediment are rather broad, and include general criteria that the level the of water
quality must meet (or in the case of Class AA waters, exceed) the requirements to support characteristic
water uses. Other narrative criteria prohibit deleterious materials, such as sediment, that may adversely
affect characteristic uses, cause acute or chronic conditions to aquatic biota, or impair aesthetic values.

This effectiveness evaluation is focused on determining site-specific water quality effects of forest
practices, including sediment delivery to streams, primarily from surface erosion processes, and physical
disturbance of streams. Such effects may result in localized water quality impacts, or potential impacts
on downstream aquatic resources. The project is not intended to specifically address cumulative or
basin-wide effects that may result from multiple forest practice operations., Rather, the study methods
were designed to isolate the site-specific impacts of individual forest practices to provide a test of the
effectiveness of standard BMPs based on parameters and indices that describe the near-field effects of
the activity the BMP is intended to address.

The watershed anaysis process (Chapter 222-22 WAC) has been established to evauate the cumulative
effects of forest practices in Washington State. Evaluation of cumulative effects and site-specific effects
are complimentary endeavors. The watershed analysis process may result in customized forest practice
prescriptions that go beyond standard BMPs for certain situations where cumulative effects are
documented. However, there will remain numerous situations where standard BMPs will be used, hence
it is necessary to determine the effectiveness of standard BMPs apart from questions of cumulative
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effects. Furthermore, ensuring that the standard rules prevent site-specific effects increases the
likelihood of avoiding cumulative effects.

The objectives of the project are:

1) to provide quditative and quantitative information on BMP effectiveness by monitoring
representative examples of selected timber harvesting, road construction, and road maintenance
practices;

2) to develop and apply decision criteria for determining whether water quality standards are met where
forest practice-related sediment impacts are concerned;

3) to evaluate and describe the factors influencing BMP effectiveness, and

4) to determine whether certain BMPs require modificationsin order to more effectively achieve water
Quaity standards, and to recommend such changes.

Related BMP Evaluations

There have been various efforts to assess the effectiveness of forestry  BMPs in Washington and other
states.  The conceptua efficacy of Washington's Forest Practice Rules in terms of sediment production
and transport to streams was evaluated by Pentec (1991).  Pentec considered the extent to which the
BMPs would be expected to address four categories of erosion processes: 1) landdides and other rapid
mass wasting processes; 2) dumps and earthflows; 3) surface erosion; and 4) stream channel-bank
grosion. The relative extent to which these four processes account for forest practice-related sediment
impacts to water qudity varies among the different forested regions of Washington and locdly within
regions, depending on topographic, geologic, and climatic conditions. Pentec concluded that many of
the BMPs would not be expected to be effective, or would only be partialy effective, a preventing
sediment-related  water quality  impacts.

Pentec aso recommended methods for conducting quantitative and qualitative evaluations of BMP
effectiveness. The Pentec project was envisioned as a preliminary scoping effort to guide the design of
the current project. Because of the time scales in which some of these processes occur, it was decided

that the current study would focus on the effects of surface erosion and channel erosion on water quality,

in addition to evauating certain mass wasting processes that may aso occur within the 2-3 year
timeframe of the fiedd studies conducted. However, the effects of forest practices on mass wasting
processes would generdly be expected to take a longer time period to manifest.

In 1980, the Department of Ecology published the results from a survey of the effectiveness of forestry
BMPs (Sachet et af., 1980a; 1980b). This was primarily an assessment of BMP implementation and
compliance based on an extensive survey approach, with subjective determinations of effectiveness in
terms of obvious impacts to water resources. While the water quality assessment was not limited to
sediment impacts, this study concluded that the most serious water quality effects from forest practices
were sediment-related. Most of the water quality impacts were found to be associated with a lack of
compliance with the rules, and impacts were predominantly associated with inadequate road maintenance
and tractor trail damage. Several recommendations for improvements to the rules and forest practices
adminigration process were included. However, this study did not specifically evauate achievement of
water quality standards, and provided only limited information on sediment delivery and water quality
effects because it relied on qualitative observations made on only a single site visit conducted up to two
years following the forest practice.
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Methods

The project employed a case study approach to evaluate the effectiveness of selected BMPs. A st of
BMP examples was distributed according to a sample stratification scheme intended to produce a
collection of case studies thet isrepresentative of Satewide BMP implementation. The god wasto
evauate typicd BMPs implemented under varying degrees of inherent landscape hazard in different
physiographic regions of the dtate. We used a weight-of-evidence approach that considers results from
multiple survey techniques to determine the effectiveness of BMP examples. This facilitated assessing a
range of BMP effectiveness and describing various factors influencing effectiveness.

Overview of Sampling Design

The sample of BMP examples was grouped according to generd BMP categories, and was further
stratified according to physiographic regions and landscape hazard classes. As caled for in the project
Sudy plan (Rashin, 1992), experience gained during the pilot phase was used to refine the scope of the
project. As a result of pilot phase of the project, we refined the regiona dratification scheme, the hazard
dassfication scheme, and the list of BMPs to sample.

BMPs Under Consideration

The BMPs evduated in this project are presented in Appendix A, which contains excerpts from the

Forest Practice Rules (Title 222 WAC). The project study plan included a list of ~ BMPs grouped

according to higher and lower priorities.  Separate examples of certain BMP categories, including site
preparation, sash disposal, landing location/congtruction practices, and maintenance of inactive and
abandoned roads, were not explicitly pursued in selecting study Stesfor this practice. While these BMPs
are important, it was necessary to narrow the scope of the study and focus the sample on a limited subset

of higher priority BMPs. The BMPs sdected for evauation include riparian management zones

(including stream bank integrity practices), riparian leave tree areas, ground-based yarding, cable-
yarding, new road condruction techniques, road (drainage) design and relief culverts, water crossing
structures for roads, and maintenance of active mainline haul roads.

While we did not specificdly target examples of the “lower priority” BMPs, we did obtain some
information on their effectiveness where they were reflected in our surveys of other practices. For
example, in some cases the effects of site preparation practices arc co-mingled with the effects of timber
yarding practices, and road location practices are reflected in other road BMP effectiveness evauations.
Other adminigtrative type BMPs, such as water typing practices, are considered for their influence on the
implementation of operationa BMPs.

In order to dtratify our sample and focus our efforts in a deliberate way, we used a selective sampling
approach that targeted a proportion of the total number of BMP examples to each generd BMP category,
according to priorities for addressing sediment-related water quality impacts. Based on literaiure review
and discussion with field personnel and the WQSC, we decided to focus about 40% of our sample on
harvest BMPs, 40% on new road construction, and 20% on active haul road maintenance. However,

during the first year or so of the study it became apparent that it would require a disproportionate level of
effort to properly assess this number of haul road maintenance Sites during runoff events, so we decided

to limit the study of haul road maintenance to a preliminary assessment based on asmaler sample size.
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Regional Stratification

The map of physiographic regions used for sample stratification is shown in Figure 1. This map is a
composite of the physiographic regions suggested by Pentec (1991) and the ecoregion map of Omernik
and Galant (1986). During the pilot phase of the study we decided to exclude samples from three of the
nine physiographic regions. Columbia Basin, Blue Mountains, and Puget Lowlands. The Columbia
Basin was an obvious choice for excluson because it has very little commercid forest land. While some
state and privately owned forest land is found in the Blue Mountains region, we decided to exclude it
from our sample following reconnaissance visits to potentia study sites. We excluded this region from
our sample because interference from past logging and grazing practices appeared to be rather
widespread. We believe that many of our observations made in other regions of eastern Washington
should he applicable to BMP effectiveness in the Blue Mountains region. We excluded the Puget
Lowlands because of concerns that land use conversion plans and loca land development controls would
affect BMP implementation on many of the forest practice operations in this region.

We datempted to distribute our sample over the remaining regions according to the approximate

proportions of Forest Practice Applications (FPAs) submitted for these regions, using the Forest Practice
Program 1991 Calendar Year Report (Washington State Department  of Natural Resources, 1992) as a
guide to this distribution. It was assumed that the 1991 digtribution of Class Il and Class Il Priority

FPAs gpproximated the distribution of BMPs we sought to sample. We targeted the regiona  distribution
of our study sites based on 1991 FPA dtatistics, as described in Interim Report No. 1 (Rashin et ai,
1993). Figure 1 shows the approximate location of our study Sites.

Slope Hazard Classification

For purposes of sample dtratification, we identified high, moderate, and low hazard categories based on
dope gradient. Slope gradient is a primary controlling factor, and one that can be objectively defined
and determined on-Site from easily obtained field measurements. The dope hazard category for each
BMP example is based on the steepest hilldope gradient measured in the vicinity of streams where the
practice was sampled. We focused on near-stream areas because these areas were expected to be the
most critical from the standpoint of water quality protection and BMP implementation (e.g., where roads
cross streams), and because in some landscapes, hillslopes are steepest near streams (e.g., where inner
gorges have developed). Active haul road maintenance Stes were not Stratified by Slope hazard, because
most of the available examples of this practice were located in low gradient landscape positions on main
valey floors.  The dope hazard sratification scheme is presented below in Table 1.

Table 1: Slope Hazard Classification for Purposes of Sample Stratification

BMP_Category LOW MODERATE  HIGH
Harvesting BMPs 0- 19% 20-40% >40%
dope slope slope
New Road Condruction BMPs  (-19% 20-50% 250%
dope slope dope
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Figure 1. Physiographic Region Boundaries and Study Site Locations
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Our site-selection process of screening  groups of forest practice units within aregion and consdering dl
potential study Sites (i.e., practices in the vicinity of streams) was assumed to result in a sample thet
reflects the approximate distribution of targeted BMPs across the three Slope hazard classes.

Study Site Selection

Study Ste sdlection involved screening FPAs submitted to Ecology regiond offices for road building and
timber harvesting practices conducted near streams. Potentid study Sites were dso identified through
annual review materids and other information provided by forest land owners. We discarded any forest
practice units that did not include any type I-5 waters within or adjacent to the operationa boundary.
Landowners who were willing to participate in the study were asked a series of questions regarding

operation timing, accuracy of water type maps, and access to the sites.  Only one landowner we

contacted declined to participate in the study, citing workload concerns, but we were able to  find other
dtesinthe area of interest. After identification of potentid study Stes within a physographic region and
landowner consultation, a field vist was made to candidate Sites to determine their acceptability as study
stes. The field reconnaissance protocol is presented in Appendix .

Acceptance of astudy Site was based on four primary criteria representativeness, timing, isolation, and
control gte avallability. Representativeness refers to whether the forest practice is atypical example of
the BMP that has been implemented in accordance with the Forest Practice Rules. In addition to an
evauation by the research team, compliance with the rules was often evaluated by consulting fied
personnd familiar with compliance issues about our study Sites. In some cases, afield vist was made
with other personnel having forest practices compliance expertise. Because many of the current rules
indicate that acceptability of certain practices is to be “determined by the depatment”  (i.e., based on the
judgement of the DNR Forest Practice Forester), we generally made the assumption that if the FPA was
approved and the practice was implemented according to the FPA, the practice was in compliance. In
cases where an interdisciplinary team was involved in conditioning the FPA, this was noted in the
reconnaissance  record.

Timing refers to the date of the actual operation in reletion to a major hydrologic event. ~ We generaly
avoided sampling operations in cases where a high intengity, runoff-producing rain sorm or arain-on-
snow or other maor snowmelt event occurred before our preliminary surveys could be conducted. For
certain BMPs and for in-stream surveys it was important to conduct preliminary surveys before the
practice was conducted. This was generdly the case with harvest BMPs. On the other hand, for many of
the BMPs and survey techniques, it was preferable or necessary to have the practice on the ground before
the initid surveys. For example, when evauaing culvert ingalations, road cutbank or fillslope erosion,
or sediment routing from skid trails, conditions existing in upland areas before the practice are not
necessarily relevant tothe study of BMP effectiveness, and conditionsin stream channels downstream of
the practice will not reflect the practice until a sgnificant runoff event occurs.  The important information
for this study is how the upland erosion features and stream crossings do or do not stahilize during the  first
one to three years following BMP implementation, and whether or not sediment is routed to streams.

he isolation criterion refers to land use patterns and the ability to separate the effects of the BMP from
cumulative effects of other forest practices or land use interferences such as grazing and mining. We
discarded candidate Sites at which it was apparent that there were substantial impacts from other land

uses that might interfere with our survey results. The location and timing of other contemporary forest
practice activities were also considered in deciding whether the targeted BMP could be isolated. While
we avoided contemporary cumulative effects to the greatest practical extent, our study sites (with a few
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exceptions) are located on second growth forest lands, hence most sites exhibit some impacts from past
logging practices. Such historical impacts are generaly unavoidable on most of the state and private
commercial forest lands where BMP examples were available for study. Recognizing this, we were
primarily concerned with being able to identify the net effect of the BMP examples we studied. In order
to minimize the confounding influences of cumulative effects, it was necessary for stream reaches being
studied to be located immediately adjacent to or downstream of the practices being evaluated. An
upstream/downstream sampling design and localized erosion surveys in upland areas, focusing on near-
field indicators of BMP effectiveness, alowed us to isolate site-specific influences of the practice.

At many of our study sites we evaluated the effects of BMPs on small, headwater (type 4 and 5) streams.
This is partly because it was often difficult to meet our site selection criteria for isolation and control
sites on larger streams, due to the confounding influence of cumulative effects. It is also due in large

part to the greater number of small streams located in the vicinity of forest practices. A focus on low
order streams has been recommended by the U.S. Forest Service in developing a national approach to
evaluating BMP effectiveness (Dissmeyer, 1994), based on the premise that the possibility of accurately
evaluating forestry BMP effectiveness decreases with increasing stream order. However, we found that
with an upstream/downstream sampling design we could adequately address type 3 streams in our
evaluations of Riparian Management Zones and other BMPs.

The fourth site selection criterion concerned the availability of a control site, when needed for in-stream
surveys. The first choice for a control site was a stream reach immediately upstream from the influence
of the practice being evaluated. Where necessary, off-site stream reaches within the same physiographic
region were used as controls provided they had similar channel morphology and flow regime. The
procedure for evaluating whether treatment and control reaches are similar is detailed in the field
reconnaissance protocol in Appendix .

Candidate study sites satisfying the site selection criteria were accepted. The selection of samples (i.e.,
BMP examples) was not random in the statistical sense because of our restrictive site selection criteria,
and the targeting of specific regions and BMP categories. However, it is random in the general sense
that when selecting study sites we began by considering several current BMP examples for an area, and
our screening process eliminated only those that did not meet our criteria. All others were considered as
potentia sites. Some of the BMP examples evaluated were co-located with the study sites selected for
CMER's Wildlife-Riparian Management Zone study. One reason for co-locating study sites with the
wildlife study was to make use of the BMP effectiveness information provided at sites where stream-
dwelling amphibian surveys were conducted by the wildlife study teams. Ancther obvious advantage
was that the timing of timber harvest activities had been coordinated to accommodate before and after
field surveys. Efforts to co-locate study sites were coordinated with CMER's Wildlife Steering
Committee and researchers from the University of Washington and Eastern Washington University.

Field Survey Methods

The philosophy behind the study approach was to gather extensive empirical information using both
qualitative and quantitative field survey techniques. In developing the project study plan, we endeavored
to strike a balance between quantitative techniques that could provide more detailed information on a
limited number of practices at relatively few study sites, and earlier extensive survey approaches that
employed primarily subjective techniques which did not provide much information on erosion and
sedimentation processes or aguatic resource conditions. We chose to use a mix of objectively-rated
quantitative, semi-quantitative, and qualitative survey techniques to evaluate a larger number of BMP
examples than would have been possible with a strictly quantitative approach. This approach has

Page 7




provided information on erosion and sedimentation processes and resource conditions as affected by
forest practicesimplemented in avariety of representative settings in severd regions of Washington.

The study was designed to assess whether the BMPs are effective a achieving water quality standards
and related aguatic resource protection objectives during the initid two to three year period following the
forest practice. Other than implicit congderation of the potential detrimenta effects of chronic eroson
and introducing tine sediments into surface water systems, long-term aspects of BMP effectiveness were
not evaluated. We evaluated conditions before forest practice operations, immediately after site
disturbance, and for up to thirty-three months following the practice. This covered the period when
surface erosion processes were most active (Pentec, 1991) and when direct channel  disturbances
occurred. Field surveys used in this study were designed to evauate localized effects on streams that
occur within the first one to three years following gpplication of BMPs, or to evauate the potentia for
and to characterize chronic erosion with sediment delivery to surface waters.  Some of the survey
techniques are aso appropriate for continued use within a long-term monitoring framework.

We developed and field tested numerous survey methodologies during the pilot phase of the study.
Detalled field survey protocols are contained in Appendix |. These protocols include a purpose

statement, equipment and materials required, Ste selection criteria, method summary, assumptions
relating specificaly to the survey method, specific steps for deta collection, BMP effectiveness rating
criteria, miscellaneous notes and recommendations for conducting each survey, and examples of field
forms. In the case of the protocols for amphibian and macroinvertebrate  bioassessment, less detail is
provided since these surveys were conducted cooperatively by other investigators according to published
methods. Table 2 shows which survey techniques were applied to each BMP example. The BMP
examples in Table 2 are organized by study stes, which are grouped by physiographic regions.

For evauation of harvest BMPs, prdiminary in-sream surveys were generally conducted on treatment and
control reaches prior to practices occurring in the vicinity of study reaches.  Follow-up surveys were then
conducted soon after the completion of harvest operations, and continued for evaluation periods ranging
from twelve to thirty-two months, depending on the timing of the harvest. Exceptions to these time frames
occurred & two study sites, where harvests were delayed such that follow-up surveys reflect conditions only
two-months following harvest. In afew cases, preiminary in-stream surveys were conducted concurrent
with or soon after harvest operations. Though less than ided, this was deemed acceptable where field
observations indicated that sediment transport from hilldope areas to streams had not occurred, or that no
major hydrologic events had occurred since areas near streams were harvested. Unlike in-stream surveys,
sediment routing surveys and certain skid trail surveys are designed to be conducted after harvesting is
completed. Surveys such as these, which evaluate erosion, sediment delivery, and recovery of disturbed
areas over time, were generaly conducted two times following the harvest, over a one to three year period.
Surveys evaluating sediment delivery and m-stream disturbance relied upon residuad evidence of erosion

and sediment delivery (e.g.. sediment plumes, gullies, bank sSoughing, etc), and were not designed to detect
minor amounts of sugpended sediment delivery as may occur during runoff events.

For evauation of new road construction practices, field surveys were designed to evauate erosion of
cutdopes, filldopes, culvert fills, and ditches, and subsequent ddlivery of sediment to streams from relief
culverts and at stream crossings. Such surveys were initialy conducted as soon as possible following
road congtruction, and were then repeated two or more times over the course of the study. Evauation
periods ranged from nine to thirty-three months following completion of road congtruction. At some
road condruction sites, in-stream surveys were used in conjunction with road prism surveys to evauate

the effects of sediment delivery and road drainage on stream reaches immediately downstream from road
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Specific Sediment]: Streambed| GF £
Site 10# BMP Routing Stability
& Name' Evaluated Survey Survey
0-01 RMZ (Ground-based Yarding) X
Salmon Creek Ground-based Yarding (no buffer) X
0-02 RLTA (ground-based Yarding) X
Walker Pass Ground-based Yarding (no butfer) X
o-03 Water Crossing Structures
Jupiter Road Road Desigh: Relief Culverts
Road Construction. Cutslopes
. Fillslopes
(3-04: 9000 ML Active Haul Road Maintenance
0-05 RMZ {Ground & Cable Yarding) X
Gunderson Creek Ground-based Yarding (no buffer) X
Czble Yarding (no buffer) X
Water Crossing Structures
Road Design: Relief Culverts
Road Construction: Cutslopes
Fillslopes
0-06: Whale RMZ (Ground-based Yarding) X
Q-07; Gunderson 2 RMZ (Ground & Cable Yarding)
W-01 RMZ (Ground & Cable Yarding) X
Sears Creek Cable Yarding (no buffer) X
Ground-based Yarding (no buffer) X
W-02 RMZ (Ground-based Yarding) X
Neiman Creek Ground-based Yarding (no buffer) X
Water Crossing Structures (Temp.)
Road Design: Relief Cutverts
Road Construction: Cutslopes
Fillslopes
W-03 Ground-based Yarding (no buffer}
Train Whistle Water Crossing Structures
Road Design: Relief Culverts
Road Construction: Cutslopes
Fillslopes
W-04: 1600 ML Active Haul Road Maintenance
W-05: Bus Stop Road Design: Relief Culverts
W-08: Pot Pourri RMZ (Cable Yarding) X

W-07. Night Dancer RMZ (Cable Yarding}

‘First character in Site ID# indicates physiographic region as follows: O - Olymplc W- W'Ilapa Hills, S - Southern Cascades, N Northern Cascades, E - Eastem Cascades, R - Norlhem Rockies.

? Intludes in-stream deposition surveys.




Table 2: Study Slte Matrlx Showing BMP Examples and Surveys Used (cont.)

Specific Sediment] Road Streambed | K
site |04 BMP Routing [ 1| Fillslope - | Surface Stability Amphibian{ir
& Name Evaiuated Survey |- Sur Survey k| Condition}: Survey Survey |-
5-01: Camp One Rd Active Haul Road Maintenance ‘ x |
5-02 Water Crossing Structures
8 Road Unit 2 Road Design: Relief Culverts
Road Construction: Cutslopes
Fillslopes
S03 Woater Crossing Structures
Ohop Blowdown Road Design: Relief Culverts
Road Construction: Cutsiopes
Fillslopes
S-04: Friday Creek Il RMZ (Cable Yarding) X
S5-05: Sundog RLTA (Cable Yarding} X
S-06: Big Wedge RMZ (Ground-based Yarding)®
S-07 RMZ (Cable Yarding)
Eleven 32 Ground-based Yarding {no buffer)
S5-08: Kapowsin RMZ (Ground & Cable Yarding)
5-08 RMZ (Cable Yarding) X
Simmons Creek Ground-based Yarding (no buffer)
N-01 RLTA (Ground-based Yarding)
Upper Shop- Water Crossing Structures
Road Design: Relief Culverts
Road Construction: Cutslopes
' Fillslopas
N-02: Pilchuck ML  Active Haul Road Maintenance X
E-01 Ground & Cable Yarding {no buffer) X X
Fish Lake Mine Water Crossing Structures (Temp.) X
Road Construgtion: Cutslopes X
Fillslopes X
E-02 Water Crossing Structures X
Plasha Road Road Design: Relisf Culverts X
Road Construction: Cutslopes X
Fillslopes X
£.04 RMZ (Ground-based Yarding) X
Green Canyon Ground-based Yarding {no buffer} X X
E-05: Aspen Patch RMZ (Ground-based Yarding) X

3 NOTE: At Site S-06 proposed harvest practices wera not conducted dunng the study period; harvest was posiponed due to debris ﬂaw Surveys reflect debris flow effects.
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Table 2: Study Slte Matr|x Showmg BMP Examples and Surveys Used (cont.)

Specific Sediment on| Road fik] Streambed|
Site ID# BMP Routing | { Surface Stability 18 Runoff
& Name Evaluated Survey | St i Condition Survey Samplin

R-02 RM2Z (Ground-based Yarding) x |
Muddy West RLYA (Ground-based Yarding) X

Water Crossing Structures

-Road Design: Relief Culverts

Road Construction: Cutslopes

Fillslopes

R-03: Muddy East RMZ (Ground-based Yarding) X
R-04: Buck East RMZ (Ground-based Yarding) X
R-05. Buck West RMZ (Ground-based Yarding)
R-06: Middle RMZ: (Ground-based Yarding) X
|R-07 RMZ (Ground-based Yarding) X
Sherry Creek Ground-based Yarding (no buffar) be

Water Crossing Structures

Road Design: Relief Culverts

Road Construction: Cutslopes

Fillslopes

R-08: Amazon RMZ: (Ground-based Yarding)

2 Includes in-stream deposition surveys.




crossings. Road surveys evauating sediment delivery relied upon residual evidence of erosion and
sediment delivery (e.g., sediment plumes, gullies, channel extension, etc.), and were not designed to
detect minor amounts of suspended sediment delivery as may occur during runoff events.

To assess active haul road maintenance practices, the condition of road surfaces were evaluated
concurrently with runoff sampling. These surveys were designed to be conducted during runoff-
producing precipitation events on roads experiencing heavy log hauling traffic. Qualitative channd
condition surveys were conducted on the reaches sampled upstream and downstream of the road to
evaluate local influences, other than the road itself, that may contribute to the suspended sediment load
and obscure road effects in the analysis of runoff sampling results.

For in-stream surveys, a control reach was usually located on the same stream, upstream of the harvest
boundary or the newly constructed road, or on a nearby stream. For purposes of this study, control
reaches do not necessarily represent streams that have not been affected by past forest practices, as most
are located on previously managed commercia forest lands. They are controls in the sense that they are
not subject to site-specific effects from the practice under evaluation, hence they facilitate the evaluation
of the net effect, or change from pre-existing conditions, that may result from the practices under
evaluation. At two of our study sites, the control reaches were compromised by unanticipated forest
practice activity, and in a few other cases, we were unable to find suitable site-specific control reaches.
These cases are noted in the study site descriptions contained in Appendix J. In such cases, results from
in-stream surveys till provide information on changes in the treatment reaches that occurred over the
course of the study through before/after comparisons of stream condition, and these changes may be
compared to the range of conditions observed in control reaches from other study sites.

Determination of BMP Effectiveness

BMP effectiveness was determined by evaluating the site-specific effects of forest practices at numerous
examples of operational BMP implementation. This case study approach was supplemented by pooling
data from the field surveys to provide an overall, statewide assessment of BMP effectiveness and to
evauate differences in effectiveness associated with different physiographic characteristics (e.g.,
lithology, climate, etc.) and different practices. The pooled data analysis also provides a more rigorous
assessment of associations between environmental and operational factors and the various indices of
BMP effectiveness.

Weight-of-Evidence Approach for Evaluating Case Studies

The case studies were evaluated using a weight-of-evidence approach to determine BMP effectiveness.
We applied a combination of survey techniques to gather evidence of effectiveness for each BMP
example studied. The surveys provided different kinds of information on various water quality-related
effects. Some surveys provided evidence of erosion in upland areas and sediment delivery to streams,
while others provided evidence of changes in aquatic habitats {i.e., stream channels) or biological
communities. These are the two fundamental aspects of BMP effectiveness considered: Aspect 1)
sediment delivery to streams; and Aspect 2) stream response to sediment delivery and physica
disturbance.

In addition to collecting different kinds of evidence, the different survey techniques aso varied in their
sensitivity for detecting changes in stream channels, hillslope erosion, and sediment delivery. Some

surveys were sensitive only to gross changes, while others were able to detect more subtle effects. The
approach of gathering multiple lines of evidence on BMP effectiveness is recommended by Dissmeyer
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(1994) in the U.S. Forest Service's guidelines for evauating the effectiveness of forestry  BMPs in
meeting water quality goals and standards. This is consistent with the approach outlined by MacDonad

et 4. (1991) in the Environmenta Protection Agency’ s monitoring guideines for evauating the effects
of forest practices on streams in the Pacific Northwest, and BMP effectiveness evauations conducted by
other dtates, such as South Carolina (Adams and Hook, 1993)

The weight-of-evidence gpproach isillustrated conceptudly in Figure 2. The results of each survey were
evauated using decision criteria that relate survey results to the water quality effects andlor erosion
processes the BMP is intended to control. In some &es a survey. technique was aoplied at multiple
locations at the forest practice operation to assess the same BMP., Survey-specific effectiveness cals fall
into one of three categories. “Effective”, “Partialy Effective’, or “Not Effective’. |n a few cases, the
result is“ Indeterminate’, meaning site-specific effectiveness could not be determined for this BMP
example with the survey technique used. Indeterminate cals were made where: 1) interference from
other sediment sources did not alow adequate evaluation of a particular forest practice example, 2)  site-
specific conditions were not appropriate for a particular survey (as when a significant runoff event did

not materidize during road runoff surveys); or 3) the survey technique was not approprigte for a  site~
specific impact study but rather provided information for pooled data andysis (such as with the

amphibian  surveys).

Field Survey Decision Criteria Survey-Specific Overall
Resuits For Effectiveness Effectiveness BMP
Decisions Effectiveness

Calf

(Sstég\gey TteIZ)Chlmqueslr e [

irient Delivery survey, Survey 1

L Criteria » \
Survey Technique 2 PARTIALLY
(Sedimont Delivery Survey) > | Suney2 —| EFFECTIVE
Survey Technique 3 Clri tseuﬁeay 3 @ /
{Stream Response Survey) r"'

Figure 2: Weight-of-Evidence Approach Applied to Each BMP Example
to Determine BMP Effectiveness.

The evidence from the different survey techniques employed a the site to evaluate one or both aspects of
BMP effectiveness (sediment delivery and/or stream response), was then used collectively to determine

the effectiveness of that particular BMP example. The overal effectiveness call for each case study of a
BMP example is then determined to be either “Effective *, “Partidly Effective’ (in the case of mixed
results), or “Not Effective’. Each survey used at a given site was given equa weighting, provided thet it
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resulted in acal other than “Indeterminate’. If al surveysresulted in ether an “Effective’ or
“Ineffective’ cdl, then the overall BMP effectiveness cdl is definitive. If there is not agreement among
the different surveys used, or if al applicable surveys resulted in a“Partidly Effective’ cdl, the overal
result for that BMP example is reported as “Partialy Effective’.

Tests of BMP effectiveness were based on narative and numeric water quality standards issues,

including evidence of beneficia use impairment. State water quality standards apply to al water types
(e.g., typesi-5), and are intended to protect the existing and potentia beneficia uses of the streams. For
example, type -3 streams are protected for fish use (e.g., spawning, rearing, and migration), while for
smaler type 4-5 streams, aquatic life uses might be limited to amphibian, macroinvertebrate, or aguatic
plant communities and their habitat. In addition, protection of water quality in heedweater treamsis
important to the support of beneficid usesin downstream aress. Effectiveness or ineffectiveness may be
reflected in assessments of chronic erosion with sediment  delivery to streams, stream channel/aquatic
habitat condition, direct assessment of biota, or a combination of these types of information.  For in-
stream surveys, determining the effects of the BMP example was based largely on changes in the

magnitude or rate of sediment deposition, bank erosion, or stream channel destabilization in the

treatment reach relative to the control reach.

Mogt of the BMPs contained in the Forest Practices Rules and Regulations that pertain to  sediment-
related water quaity impacts apply explicitly to type1, 2, 3, and in some cases their gpplication is
extended to type 4 waters. Very few of the timber havest or road congtruction BMPs explicitly apply to
type 5 waters. Therefore, an important aspect of BMP effectiveness to consider is whether adverse

impacts to type 5 or type 4 waters occur as a result of the lack of explicit protection provided for these
streams. As pointed out in Pentec (1991), first and second order channels (type 5 and 4 waters) comprise
over 80% of the cumulative channd length in some regions, and are sgnificant Stesfor eroson and
sediment  routing  processes.  This study considers the effectiveness of BMPs from the standpoint of the
protection provided for al water types potentialy affected by the practice, not just water types explicitly
stated in the language of the Forest Practice Rules. This is because the narrative and numeric water

quaity standards apply independent of the Forest Practice Rules water type designations.

In the course of conducting surveys a the Sites, we verified water types on streams within our study

areas. |dentification of weter typing errors on approved FPAs was based on our observations of physical
stream characteristics and/or fish use. However, since al practices surveyed were conducted in

accordance with approved FPAs, using norma water type verification practices considered acceptable at
the time of FPA approva, we do not consider the water typing errors we discovered to condtitute a lack

of compliance for the purposes of this BMP effectiveness study.  Rather, we evauate the BMP examples
from the standpoint of their effectiveness when applied to the mapped water type, which was presumed

to be correct a the time of application.  The influence of water typing practices on BMP effectiveness
and the implications of water typing errors are addressed in a separate discussion  of water typing
practices.

Effectiveness Criteria

Other than criteriafor turbidity, there are no numeric criteriafor determining when sediment-related
impects violate water quality standards, particularly criteria pertaining to the extent of sediment ddlivery
or in-stream sedimentation, or the amount of physicd sream channel disturbance.  For the purpose of
determining BMP effectiveness, it was necessary to develop various decision criteria for applying

narrative water quality standards to forest practice impacts. The process of interpreting narrative water
quaity standards and developing decision criteria for determining whether water quality Standards are

Page 14




achieved, included literature review and consultation with the Department of Ecology's Water Quality
Progran and an independent peer review panel composed of individuas knowledgeable in forest
practices and water quality issues related to sediment impacts.

The primary test of BMP effectiveness is whether state water quality standards are achieved. This is the
effectiveness test that is defined by the Water Pollution Control Act (Chapter 9048 RCW) and is

incorporated into the Forest Practices Act (Chapter 76.09 RCW). In section 90.48420, the Act dtates that
“promulgation of forest practices regulations by the department of ecology and the forest practices board,
shal be accomplished so that compliance with such forest practice regulations will achieve compliance
with water pollution control laws’, and states further that “ecology shal monitor water qudity to
determine whether revisions in such water quality standards or revisions in such  forest practices
regulations are necessary to accomplish the foregoing result”. The water quaity standards and forest
practices regulations promulgated under the above-mentioned laws have provisons regarding the intent of
best management practices (BMPs) and evauation of BMPs by Ecology that are consistent with the Water
Pollution Control Act.

In terms of the types of practices and processes we are evauating, there are three facets of the water
quaity standards that are relevant: 1) beneficid uses (referred to as characteristic uses in the water quality
standards regulation); 2) criteria established to protect those uses; and 3) anti-degradation provisions. The
beneficial uses aspect is defined by the waterbody classification and the characteristic uses listed under
each classfication which must be protected. Implicit in the classfication schemeis the protection of
downstream  waters.

For each class of water, criteria are given that attempt to define the level of water quality necessary to
protect the beneficid uses. For sediment and sediment-related water quality degradation, precise levels of
aparameter and alowable degradation (i.e., numeric criteria) are defined only for turbidity. For the
remainder of the parameters and processes we are evauating in this study, the most relevant criterion is
the narretive criterion that "...deleterious materia concentrations shal be below those which have the
potentid either sngularly or cumulatively to adversely affect characteristic water uses, cause acute or
chronic conditions to the most sensitive hiota dependent upon those waters, or adversely affect the public
hedth, as determined by the department”.  Where sediment or runoff from roads or  harvest practices, or
direct mechanica disturbance of stream channels act as deleterious materias, the effectiveness question
becomes. does this represent a potentia to adversely affect water supplies (for human uses) or the most
senstive aguatic plant, aguetic invertebrate, fish or aquatic wildlife use which is dependent on the stream
ecosystem?

While the criteria define what is needed to support the beneficid uses, the anti-degradation provisions of
the water quality standards specify that before any level of water quality degradation can be allowed, “all
known, available, and reasonable best management practices’ must first be applied, and it must be
demondtrated that “overriding consderations of the public interest will be served”. The anti-degradation
provisons are intended to protect higher quality waters, and apply to any management activities that cause
water quality and aguatic ecosystem degradation, including levels of degradation that may be below the
criteria and which would not be expected to adversely affect water uses.

When considering evidence of sediment delivery to surface waters and/or effects on the physica integrity

of stream channels and aquatic habitat eements, the question of environmenta sgnificance comes up. For
example, how much input of fine sediment or changes in  stream banks, substrate Characteristics, or the in-
channel woody debris and sediment storage regime can be tolerated before water quality degradation

occurs and the BMP is considered ineffective? The goa of protecting beneficid uses and other provisions
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of applicable water quaity laws and regulations indicates that in order to be effective the  BMPs need to
prevent site-specific instances of degraded water quaity or aguatic ecosystems (life forms and habitat
elements), aswell as avoid cumulative water quality effects. According to the Forest Practice Rules, most
of the relevant BMPs are intended to minimize eroson and maximize soil Sabilization in order to prevent
sediment dlivery to streams, or to maintain the pre-existing aguatic ecosystem functions and conditionsin
terms of stream channd characterigtics and the in-channel sediment regime.

The Water Pollution Control Act provides some guidance on Setting criteria to evaluate measurable levels
of degradation, directing Ecology to consider, among other factors, “reasonable transient and short-term
effects resulting from forest practices’ in the evauation of water qudity criteriathat was required by the
Act. The intent implicit in this direction leads us to focus on chronic conditions of sediment ddlivery
andlor in-stream effects and whether disturbed sites have recovered over the monitoring period, as well as
short-term effects which, due to their magnitude, are actudly or potentidly detrimenta to beneficid uses.
Furthermore, the field survey techniques used in this study were not designed to detect minor amounts of
sediment or aquatic ecosystem changes, o our survey results generally do not provide the resolution to
document negligible levels of sediment delivery or in-stream effects.

Study Hypotheses and Assumptions

In developing the study design we identified several conceptual hypotheses  to be tested. These
conceptua hypotheses are presented in Table 3. The hypotheses are framed in terms of what the BMP is
intended to accomplish in regards to erosion/sediment control, or prevent in terms of water quality or
aguatic ecosystem effects.

We d0 identified severd fundamenta assumptions dealing with the erosion and sedimentation
processes potentialy affected by forest practices, tests of BMP effectiveness, and the sengitivity of
various monitoring methods. Our key working assumptions are summearized below:

e The Best Management Practices evaluated by this study are intended to ensure that water quality
standards are met by controlling eroson and sediment delivery to waterbodies, and/or by protecting
the physica integrity of streams and aquatic habitat values with respect to eroson and sedimentation
Processes.

e Certan forest practices have the potentiad to accelerate erosion processes, and sediment from such
accelerated erosion may be delivered to streams and other waterbodies where local sedimentation
and/or downstream transport will occur. While erosion and sedimentation may be accelerated by
forest practices, they also occur as natural processes.

» Achievement of thk water quality standards is the primary test of BMP effectiveness.  Accelerated
erosion with sediment delivery to streams, or direct mechanicad disturbance of stream channels, may
violatle state water quality standards when caused by forest practices and other human activities,
where existing or potentia beneficia uses of surface waters are adversdly affected. Certain aguetic
life uses are paticularly senstive to eroson and sediment effects, and the water quaity standards
require protection of the most sensitive aquatic species and communities.

* Monitoring techniques differ in their sengtivity to detecting changes in erosion, sediment delivery to
streams, sediment storage, and stream channel conditions.  Some techniques are only able to measure
gross changes, while others are more sensitive to subtle changes.
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Table 3: Conceptual Hypotheses Framework for Assessment of BMP Effectiveness.
Timber Harvest Practices:

RMZs, Stream Bank Integrity, & RLTAs WAC 222-030-020 (3)-(5)_& 222-30-030:

BMP specifications for Riparian Management Zones (RMZs), Stream Bank Integrity, and Riparian Leave Tree Areas (RLTAs) are adequate to prevent

physical disturbance of stream banks and channels and prevent chronic sediment delivery to streams that may degrade aquatic habitats or negatively affect other
beneficial uses.

Tractor & Wheeled Skidding WAC 222-30-070 (1)-5 & (7)-(9):

BMP specifications for ground-based yarding systems are adequate to minimize erosion in the vicinity of streams and prevent chronic sediment delivery to
streams and physical disturbance of stream banks and channels that may degrade aquatic habitats or negatively affect other beneficial uses.

Cable-yarding WAC 222-30-060 {1)-(5);.
BMP specifications for cable yarding systems are adequate to minimize erosion in the vicinity of streams and prevent chronic sediient delivery to streams and
physical disturbance of stream banks and channels that may degrade aquatic habitats or negatively affect other beneficial uses.

Road Construction Practices

Road Construction Techniques WAC 222-24-030 (2) & {4)-(9):
BMP specifications for new road construction result in adequately stabilized cut and fill slopes such that new road construction sites are not subject to excessive
surface erosion or mass wasting that results in chronic sediment delivery to streams that may degrade aquatic habitats or negatively affect other beneficial uses.

Water Crossing Structures (Culvert Installation) WAC 222-24-040 (2)-(4):.

BMP specifications result in culverts and temporary stream crossings that are adequately designed and stabilized ¢o prevent chronic erosion with sediment
delivery to streams, accelerated stream channel erosion, or culvert blowouts or other mass failures at stream crossings that may degrade aquatic habitats or
negatively affect other beneficial uses.

Road Drainage Design WAC 222-24-025 (5)-(9):
BMP specifications for design of road drainage and relief culverts result in adequate drainage relief such that road drainage from new  road construction does
not cause erosion of ditches draining to streams, accelerate channel erosion or cause mass wasting downslope of roads, or result in the development of new

drainage channels or overland flow that results in integration of relief drainage with the stream system and chronic sediment &livery to streams

Road Maintenance Practices

Active Haul Road Maintenance WAC 222-24-050 (2) & (4):

BMP specifications for maintenance of active haul roads result in roads that are maintained to minimize erosion of road surfaces and keep road subgrades,
culverts, and ditches functional so that surface erosion does not result in chronic sediment delivery to streams that may potentially degrade aquatic habitats or
negatively affect other beneficial uses.




As mentioned previoudly, this effectiveness evaluation is premised on the assumption that each of our
BMP examples represents a practice conducted in compliance with the Forest Practices Rules and
Regulations. All were conducted under an approved Forest Practices Application and administered under
an operational compliance program, athough the level of scrutiny and inspection varied from operation to
operation. As a part of our site selection criteria, any operations that were clearly not in compliance with
minimum Forest Practice Rules specifications were excluded from the study. As compliance guestions
arose during the course of the study, they were resolved using the collective professional judgement of the
research team or through consultation with DNR personnel and others experienced in forest practices rules
interpretation and compliance determination. With many of the BMPs, however, there is considerable
variability in the operationa practice, and a wide range of on-the-ground implementation that may be
considered compliant. This is due to the lack of specificity regarding practices in the wording of many of

the BMPs,

Another basic working assumption is that, within the context of this study, a water quality effect means
the net effect (ie., change from pre-existing conditions) of the practice being evaluated. It is recognized
that most, if not al, of the BMP examples we are evaluating were conducted on lands where past land
management practices have resulted in cumulative effects.

Tests of BMP Effectiveness

As mentioned previoudly, there are two primary aspects of BMP effectiveness. Aspect | deals with
effectiveness in terms of chronic sediment delivery, which includes consideration of the potential for
downstream impacts and cumulative effects. The decision process for determining BMP effectiveness
with regards to this aspect is illustrated in Figure 3. The survey must first determine whether the practice
results in the delivery of sediment to surface waters. If the practice is found to deliver sediment, it must
then be determined if sediment delivery is chronic. For purposes of determining BMP effectiveness at
achieving water quality standards, chronic delivery is defined as delivery that extends beyond the first
available growing season for the establishment of ground cover to control erosion, or beyond
approximately one year from the date of road construction or timber harvest.

If chronic sediment delivery is not documented, the BMP example is rated effective. An exception
would apply in cases where there is not chronic sediment delivery, but short-term sediment delivery
(e.g., from mass wasting processes) was so severe as to be clearly detrimental to beneficial uses or cause
long-lasting water quality effects. If found to be a source of chronic sediment delivery, the BMP is
generally rated ineffective. Exceptions may be made in cases where conditions are present that
substantially mitigate the potential for continued sediment delivery (such as effective armoring of culvert
tills) and where the magnitude of chronic sediment delivery is judged to be reduced to negligible levels
by the second year. This judgment is made at the time of second-year field surveys based on
observations of active erosion processes and erosion control measures applied, or is based on objective
criteria defined in the field survey protocols.

This effectiveness criterion is premised on the narrative Water quality standards protecting aquatic biota
from deleterious materials, and on the potential detrimental effects of sedimentation. Actua and
potential detrimental effects of land management-induced sediment on stream biota have been described
in numerous publications (for example, see reviews in Waters, 1995; Everest ¢f a., 1987; Newcombe
and MacDonald, 1991; Hicks et al., 1991; MacDonald et al., 1991; Chapman and McLeod, 1987; and
Iwamoto et a., 1978). We believe a one-year duration threshold for chronic sediment delivery is
appropriate because it makes allowance for short-term effects (i.e., “reasonable transient and short-term
effects’, as required by the Water Pollution Control Act), and provides time necessary for establishment
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of eroson control. Conversdy, establishment of alonger duration threshold for chronic sediment
delivery would not be judtified because aquatic biota in streams include sengitive species and aquatic life
stages which are shorter-lived than one year, including the freshwater life stage of some salmonid

species. While focusing on site-specific sediment sources, this aspect of BMP effectiveness considers

the potentia for both localized habitat or biological impacts as well as the cumulative downstream
effects of fine sediment that may result from an accumulation of numerous site-gpecific sources. |In this
respect, Aspect 1 is preventative in naure.

In evauating chronic sediment delivery, the effectiveness determination is based on sediment sources
that are directly attributable to forest practices. Sediment sources that may be indirectly related to the
forest practice activity, such as windthrow, and unrelated sources such as wildlife or livestock activity,
are characterized in certain surveys but do not affect the BMP effectiveness call. Although there is
evidence that accelerated windthrow of streamside trees is associated with certain harvest practices,
especialy clearcut harvests where riparian buffers are left, and this can be a source of sediment to
streams, it is not clear that the net effect of windthrow congtitutes a water quality degradation. On the
contrary, it is known that windthrow is often a source of beneficid large woody debrisin streams. In
terms of sediment flux, Andrus and Froehlich (1986) noted that only uprooted trees that grow within or
immediately adjacent to the channel are likely to become sources of sediment, and that in-stream
rootwads Or 10gS from windthrow appear to trap as much sediment as is released by windthrow effects.
We evauated the significance of windthrow as a sediment source separately from the BMP effectiveness
determination.

Aspect 2 deds with effectiveness in consideration of localized stream impacts and response in terms of
sedimentation, physcd integrity, and biological integrity. The decison process for determining BMP
effectiveness with regards to Agpect 2 isillugtrated in Figure 4. For in-stream surveys, conditions
observed after forest practice activities are compared to those observed before or concurrent with the
practice. In most cases, a comparison is aso made to conditions in a control stream reach monitored
concurrently with the treatment reach, in order to determine the net change within the treatment reach.

If conditions surveyed in the treatment reach are unchanged, or if any observed degradation is smilar to
that in the control reach, the BMP example israted effective. If degradation is observed within the
treatment reach which is substantialy greater than that observed in the control reach, and which is
attributable to the forest practice activity, the BMP example is rated ineffective. If some agpects of
stream response or BMP implementation reflected a degradetion while others did not, the BMP example
may be rated partidly effective. In afew cases, no ste-specific control reach was available for
comparison, o the absolute change within the treatment reach was rated in consideration of the range of
conditions and temporal changes observed in control reaches a other Stes used for that particular survey
technique. For example, in rating the scored channd condition survey results for trestment reaches
where no site-gpecific control reach was available for comparison, no survey received an ineffective
rating unless the percentage decrease in channel condition score was greater than the greatest decrease
observed in any channel condition survey on a control reach.

Although based on water quaity standards interpretations, these effectiveness criteria should not be
construed as being equivalent to regulatory criteria for determining water quality Standards compliance.
WhileaBMP rating of “effective’ indicates that there is a high degree of confidence that applicable
water quality standards have been met, the rating does not guarantee that specific water quaity criteria
were not exceeded, such as turbidity during short-term runoff events.  Likewise, a BMP rating of “not
effective’ does not definitively equate to awater quaity standards violation, but rather indicates a high
likelihood that narrative and/or numeric criteria pertaining to sediment effects have been exceeded.
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More important than determining compliance with specific water qudity Standards criteriais the
determination of whether the BMPs were effective a preventing sediment-relaied water quality impacts,
and under what circumstances were they effective, partidly effective, or not effective. The case study
results provide this information, and the field survey results can also be used to evaluate environmenta
and operationa factors influencing BMP effectiveness.

Pooled Data Analysis

We assessed multiple examples of each BMP to make an overal determination of whether the practice

was effective, partidly effective, or not effective, and under what Stuations. Factors associated with
BMP effectiveness or ineffectiveness are described within the case studies, and are further evaluated by
pooling the case study results from selected survey techniques. The purpose of the pooled data analysis

IS to evaluate regional patterns in BMP effectiveness parameters that may be associated with differences

or amilaritiesin physiography (e.g., Ethology and dimate), specific landscape factors influencing BMP
effectiveness , and the influence of management or operationd factors on BMP effectiveness. The
pooled data analysis also provides a means a characterizing the range of BMP effectiveness in terms of
both the severity and statewide or regiond extent of sediment-related water quality impacts. Statistica
and graphicad andysis techniques provide the basis for these evauations, comparisons, and descriptions.
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Results and Discussion

The case study results are presented in Appendix J, which contains case summaries organized by
physiographic region and study site. The reader should refer to these case summaries for detailed site-
specific information including survey results and the basis of the effectiveness determinations for each
BMP example. Each case summary in Appendix J contains a brief site narrative; a map showing
topography, hydrography, and the locations of forest practices and field surveys; a weight-of-evidence
summary for each BMP category; and summarized results from survey techniques used at the site. The
case study results are summarized and discussed in this section, with results grouped by forest practice
category. Summaries of the case study results are followed by discussions of the results of pooled data
analysis relevant to that category of forest practices.

In considering these results and their general applicability, the precipitation regimes occurring during the
period of field studies should be kept in mind. This context is important because this study focused
primarily on surface and stream channel erosion and sediment transport processes that are driven largely
by precipitation and runoff. Information on statewide precipitation regimes during the summer 1992
through summer 1995 sampling period is provided in Appendix B. This appendix includes a graph
showing monthly departures from normal precipitation for 1992, 1993, and 1994. This data is for area-
weighted statewide average precipitation, and normal precipitation is based on the period of 1961-1990.
Summarized data on statewide monthly departures from normal precipitation were not available for the
year 1995, but an analysis of regional departures from normal is provided.

What this information shows is that for the first two fall/winter wet seasons (October through March) of
field studies, monthly precipitation was below normal, with the exception of November 1992 and
February 1994. During these two winters, monthly departures below normal precipitation ranged from
-0.10 to -3.53 inches (-2.5 to - 89.7 mm). During the fall (October through December) of 1994 monthly
precipitation was 1.02 to 1.88 inches (25.9 to 47.8 mm) above normal. During the first two spring (April
through June) seasons of field studies in 1993 and 1994, monthly precipitation amounts ranged from 0.58
to 2.10 inches (14.7 to 53.3 mm) above normal in 1993, and were near normal in 1994. For the summer
(July through September) seasons in 1992 and 1993, departures from normal were highly variable,
ranging from -1.50 inches (-38.1 mm) below normal to 1.45 inches (36.8 mm) above normal. The
summer of 1994 was characterized by below-normal precipitation.

For 1995, since statewide monthly averages were not available for inclusion in this report, winter
through summer departures from normal may be characterized by selected regional averages. For two
divisions in western Washington, 1995 winter precipitation was characterized by monthly departures
ranging from -1.83 inches (-46.5 mm) below normal to 0.94 inch (23.9 mm) above normal. For two
divisions in eastern Washington, winter precipitation was generally normal to above normal, with
monthly departures ranging from -0.38 inch (-10.0 mm) below to 1.99 inches (50.6 mm) above normal.
For spring 1995, western Washington areas had normal to below-normal precipitation, with monthly
departures ranging from -2.61 inches (-66.3 mm) below to 0.10 inch (2.5 mm) above normal. In eastern
Washington, spring 1995 precipitation was mostly near normal, but monthly departures ranged from -
0.64 inch (-16.3 mm) below to 1.33 inches (33.8 mm) above normal. For summer 1995, monthly
departures from normal precipitation were highly variable, ranging from -0.54 inch (-13.7 mm) below to
1.63 inches (41.4 mm) above normal in western Washington, and from -0.33 inch (-8.4 mm) below to
0.54 inch (13.7 mm) above normal in eastern Washington.
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In summary, much of the wet season weather during our sampling period was characterized by below-
norma to norma precipitation. The period of field observations for this study was aso characterized by
a lower frequency of high intensity runoff events (eg. rain-on-snow events) than occurs during some

years. For this reason, it is prudent to take a conservative approach to applying these results, as more

severe erosion and sediment delivery effects may occur under more severe precipitation conditions.

Timber Harvest Practices

Categories of timber harvest practices include Riparian Management Zones  {(RMZs), Riparian Leave
Tree Areas (RLTAS), ground-based yarding without buffers, and cable yarding without buffers. Harvest
practices without buffers refers to evaluations of harvest operations conducted in the vicinity of type 4

and 5 streams where no RMZs, RLTAS, or other streamside buffer zones were established for water
quaity protection. BMP effectiveness determinations for the 38 examples of harvest BMPs evduated
are summarized in Table 4. One of the RMZ examples in Table 4 (the Big Wedge site) was not

evaluated as an RMZ because the harvest was postponed due to the occurrence of a debris flow

(unrelated to the planned harvest). This Siteisincluded for a discussion of the resulting channd changes
and the implications of debris flows for BMP effectiveness. The examplesin Table 4 are arranged by
study site, showing BMP categories, survey-specific effectiveness ratings, and the overdl effectiveness
cdls for each BMP example based on the weight-of-evidence approach.

Riparian Management Zones

Of the 21 examples of Riparian Management Zones (RMZs) evauated, 81% (17 RMZs) were rated
effective and 19% (4 RMZs) were rated patially effective a preventing sediment-related water quality
impacts. None of the RMZ examples studied were found to be ineffective based on the  weight-of-
evidence approach. The RMZ practice aso entalls application of the stream bank integrity ~ BMPs and
gpecid practices for felling, bucking, and yarding timber within RMZs (see Appendix A), so this
evauation aso reflects the effectiveness of these practices, Of the 21 RMZs, twelve were examples of
clearcut harvestsin Western Washington, with three of these using ground-based yarding, five using
cable-yarding, and four usng a mix of ground and cable yarding techniques.  Of the four BMP examples
found to be partidly effective, three of these were at ¢clearcut harvest units using cable yarding, while the
fourth was an example of a clearcut harvest using a mixture of ground and cable yarding.  The remaining
nine RMZ examples were a partid cut harvest units in Eastern Washington, and al of these were rated
effective. The case studies indicate that RMZs are, for the most part, highly effective a preventing
direct sediment-related water quaity impacts under a variety of environmental and operational Settings.
However, site-specific characteristics, such as the steepness of inner stream valley dlopes, the presence of
unbuffered tributaries, and yarding techniques may be important factors at some harvest units. For
example, one of the sites rated partially effective had a cable-yarding route running across the RMZ,
resulting in yarding-related eroson features that became localized sources of chronic sediment delivery.
Two others were rated partialy effective because of observed in-stream effects which, at least in part,
were attributed to inputs from unbuffered tributaries within the clearcuts. At the remaining RMZ rated
partidly effective, stream bank erosion was attributed to selective harvest activities around a steep inner
gorge. Where they were not yarded across, the RMZs were highly effective a preventing chronic
sediment delivery to streams.

Riparian Leave Tree Areas

Three of the four examples of RLTAs evauated were found to be effective, including two examples a
westside, clearcut harvest units (one using ground-based yarding and one using cable yarding), and one
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Table 4: Harvest BMP Effectlveness Summary'
{ Erosion & r

Neiman Creek

Specific
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example a an eadtside, partid cut harvest unit (ground-based yarding).  One of the four RLTA examples,
at a westside clearcut harvest using ground-based yarding, was found to be partialy effective. At this
Ste, two kid trail crossings resulted in chronic erosion festures that were delivering sediment to atype 4
stream; other than these crossings, the buffer was effective at preventing sediment delivery and physica
disturbance of the stream. Aswith RMZs, the RLTAs are highly effective a preventing sediment

delivery and stream channel disturbance where they are not yarded across.

The main reasons stream buffers are effective is because they protect the stream channel from direct
disturbance during logging, and prevent stream impacts from surface eroson by keeping ground
disturbances from harvest activities away from the stream.

Ground-based Yarding without Buffers

Table 4 includes 10 examples of ground-based yarding on units with type 4 and 5 streams without the
use of buffers. Of these Ib examples, 10% were found to be effective, 30% were found to be patialy
effective, and 60% were rated not effective. The one effective example was a a west-side  clearcut
harvest conducted on rdatively flat ground. Although sediment ddlivery to and siltation of thetype 5
stream was documented at this site, which was harvested during the winter, we did not observe sediment
ddivery from skid trails and yarding scars continuing beyond the first year following completion of the
harvest.  Two of the three units where the practice was rated partialy effective were  eastside partid cut
harvests, and one of these included three different unbuffered streams (one of which was actuadly a mis-
classfied type 3), yidding mixed results. The six ineffective examples of this practice where chronic
sediment delivery, streambed dltation, and/or direct physicd disturbance of the stream bed and banks
were documented were on westside clearcut units

In addition to direct impacts on aguatic habitat in the type 4 or 5 streams, it was observed in severd of

the sediment routing surveys that chronic ddivery to these unbuffered streams may ultimately diminish
the effectiveness of Riparian Management Zones a preventing sedimentation of fish-bearing streams.
Thisis because sediment is routed to the buffered streams via the unbuffered tributaries. At seven study
stes where sediment routing surveys evaluated harvesting around buffered streams and adjacent

unbuffered streams, 80% of the harvest-attributable erosion features that delivered sediment to surface
waters had routed sediment to unbuffered tributaries, with only 20% delivering directly to the buffered
sreams (including both RMZs and RLTAs).

Cable Yarding without Buffers

The three examples of cable-yarding without buffers in Table 4 include two  westside clearcut harvests
and one eastside partia cut havest. All three examples of this practice were rated not effective based on
the results of sediment roofing surveys and in-stream surveys.  Substantial disturbance of stream
channels, valley walls, and steep inner gorge areas by yarding practices was documented a these sites,
resulting in chronic sediment delivery and extensive fine sediment deposition on streambeds. The three
harvest units included study reaches along one type 5 and three type 4 streams. At the  Gunderson Creek
site, two different streams were evaluated for this practice, one of which had ground-based yarding on

one sde of the stream.

In generd, the BMPs for timber harvest aong type 4 and 5 streams without buffers were found to be
ineffective at preventing sediment-related water quaity impacts, including chronic sediment ddlivery, in-
dream sedimentation, direct mechanica disturbance of stream channels, and in-stream dash disposa, for
both ground-based and cable yarding methods. The lack of effectiveness was most pronounced on
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clearcut harvests, whereas partial cut harvests without buffers resulted in only minor impacts on type 4
and 5 streams except in two cases. One of these was a site where cable yarding routes ran up and down
the channel, and the other involved a major skid trail crossing where fill was placed across and adjacent
to the stream. One of the primary factors associated with the observed lack of effectiveness, especially
with regards to the water quality issue of chronic sediment delivery, is the much greater degree of ground
disturbance that occurs in close proximity to streams in the absence of defined buffers or other
streamside management zones.

Aside from the issue of defined stream buffers, we attribute the ineffectiveness of current practices for
timber harvest around type 4 and 5 streams to the fact that most of the conceptually effective BMPs for
felling, bucking, and yarding timber, as well as dash disposa and site preparation, do not explicitly
apply to type 5 streams, and in many cases type 4 streams are excluded as well (see Appendix A). For
example, stream bank integrity practices apply only within RMZs along type |-3 waters. BMPs for
felling and bucking of trees alows operators to fall trees into, and to buck or limb trees within type 4 and
5 streams. Although the practice specifies that care is to be taken to minimize slash accumulation in type
4 waters, this is not applied to type 5s. In terms of yarding practices, deadfalls, or logs that are firmly
embedded in the stream bed of type I-4 streams, are not to be removed or disturbed without special
approval, but type 5 streams are excluded from this important BMP. Cable yarding practices for
directiona yarding away from streams, and for minimizing soil disturbance within the 50-year flood
level and preventing logs from rolling into streams apply only to type I-3 waters. For ground-based
yarding, the important requirement to minimize stream crossings and to consider construction of
temporary crossings to maintain stream bed integrity applies only to flowing type 4 streams, and not to
type 5 streams or intermittent type 4s that are not flowing at the time of yarding.

While not specificaly targeted for evaluation in our field studies, there are several other BMPs which are
not currently applied to type 4 and 5 streams that may influence water quality protection. Post-logging
practices for dash disposal and site preparation are conceptualy very important, especialy for
unbuffered type 4 and 5 streams within clearcuts. The BMPs require that potentialy damaging slash and
debris be removed from type |-4 waters (referring to damage from mass wasting), but this BMP is not
applied to type 5 streams, which allows for such material to be routed downstream. Slash piling for
burning is excluded from within the 50-year flood level of type I-4 waters but not for type 5 streams,
where burning could promote surface and channel erosion. And BMPs covering stream channel
alignment during site preparation specify conditions and consultation required for channel re-alignment
and stabilization work, but this BMP is only applied to type I-3 waters. While not a water quality BMP,
post-harvest site preparation practices for west-side clearcuts require cutting of non-commercial tree
species and non-merchantible size trees (except in RMZs and wetland management zones) when deemed
necessary to promote reforestation. This practice can cause further loss of stream bank integrity on
unbuffered streams, as well as remove what may be the primary source of future woody debris loading to
these streams.

The fact that most of the practices designed to protect watercourses from erosion are not applied to type
4 and/or 5 streams was identified as a fundamental flaw by Pentec (199 1) in their conceptual evaluation
of the effectiveness of Washington’'s Forest Practices Rules and Regulations. There is no apparent water
quality basis for not applying many of these available BMPs to type 4 and 5 waters. Even without
forested, RMZ-type buffers, many of the operational measures discussed above could greatly improve
the effectiveness of timber harvesting practices occurring in the vicinity of type 4 and 5 streams. These
practices can help prevent direct sediment delivery and/or stream channel disturbances, as well as
secondary channel erosion and sediment deposition.
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Another water quality area of concern with regards to the lack of buffers is the question of the long-term
viability of the in-stream woody debris regime in type 4 and 5 streams. Numerous studies have

identified the important ecologicd and morphologicad functions of woody debris in streams, including
organic matter and nutrient storage and cycling (Bilby and Likens, 1980; Bilby,  1981), sediment storage
(O’Conner and Harr, 1994, Megahan, 1982, Potts and Anderson, 1990), and the formation and
dabilization ofdluvid habitats (Montgomery et o7, 1995; Montgomery et af., 1996; Elliott, 1986). We
know of no ecologica or water quality basis for assuming that the woody debris regime within type 4

and 5 sreams s not important for maintaining the physical and biological integrity of these sreams.  In
fact, for some functions, such as organic matter and. sediment storage, woody debris may play a greater
role in smaler streams than in larger ones. As a matter of scale, however, it is reasonable to assume that
the size requirements for stable woody debris will be less in smaller streams (Bilby and Ward, 1989).

O’Conner and Harr (1994) evaluated changes in fluvial bedload transport related to loss of sediment
storage associated with woody debris in headwater (type 4 and 5) streams. They suggested that, in

stream systems where sediment yield is supply-limited, inputs of woody debris should be maintained at
levels equivalent to those in unlogged areas in order to prevent downstream sediment impacts, and noted
that the most effective way to preserve woody debris function for sediment storage is to maintain

riparian conditions sufficient to provide a steady supply of wood to the channel. Potts and Anderson
(1990) emphasized the important role of woody debris in the smallest sireams, including intermittent and
ephemeral channels, and suggested basing the target for post-harvest woody debris on a site-specific
assessment of the pre-disturbance debris loading.

Buffers or streamside management zones and careful management of post-harvest dlash have been
suggested as ways of maintaining the important functions of woody debris in small, headwater streams
within harvest units. Clinnick (1985) reviewed published analyses of buffer strip function and
effectiveness in a variety of forest management settings, including management of smal, intermittent
streams. Several of the studies reviewed specificaly recommended extending buffers to ephemeral and
intermittent streams and/or spring heads, while most did not specify the upstream extent of buffers
required.  Clinnick concluded that continuous narrow buffers commencing a the source of the

ephemeral drainage system would be more effective a preventing  sediment pollution than a single wide
buffer gpplied only to perennia streams. An dternative gpproach suggested by Clinnick isthe use of
filter gtrips, where logging occurs but ground disturbance is limited and understory vegetation
maintained, upstream of stream buffers. However, he recommended againgt relying on filter Sripsasa
primary means of water quality protection, and concluded that a 20 meter buffer is needed on ephemeral
streams to protect water resources during and following the magority of storm events.

Evaluation of Sediment Sources at Harvest Sites

Andysis of sediment routing survey results provides a means of comparing the different harvest
practices in terms of eroson and sediment ddlivery to streams. A tota of 54 sediment routing surveys
were conducted over the course of the study at 33 survey areas located within 18 different harvest units.
For each of these surveys, individual erosion features were mapped and measured, and a determination
was made for each feature as to whether sediment was delivered to streams (see Appendix | for field
survey methods). Most surveys were conducted twice a the same location, generdly within the first
nine months after the harvest, and again during the second year following timber harvest to evauate
chronic sediment delivery. At some survey areas where no harvest-attributable sediment delivery was
found during the initid survey, second-year surveys were not conducted because they were not needed to
document continued sediment delivery. A tota of 405 individua eroson features were evauated during
one or more survey years. The sediment routing survey results are summarized in Appendix C, and
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detailed results for each survey are given in the case study summaries (Appendix I). Each of these
surveys covered a portion of a harvest unit on one or both sides of a stream and its tributaries. These
surveys focused primarily on areas within about 60 to 80 meters of sStreams. The pooled results from
sediment routing surveys are discussed below to compare the extent of eroson and sediment delivery
between categories of harvest practices (eg., buffer versus no buffer and  clearcut versus partiad cut), and
to compare different yarding methods and other sources of erosion and sediment delivery to streams.

Comparison of Harvest Practice Categories

Various indices of erosion severity a harvest sites were calculated, based on the relative amounts of
disturbed and exposed soil area indexed to the area surveyed and the length of stream bank covered.
Thisinformation is from sediment routing surveys which covered harvest areas adjacent to and within
about 60 to 80 meters of streams. The metrics summarized in Appendix C include the area of disturbed
soil per hectare, and area of exposed soil per hectare.  Relative amounts of exposed soil area are aso
presented for those features that delivered, and these are further differentiated into harvest features,

which are directly attributable to physicd ground disturbance during harvest operations, and al features
that delivered. Features not directly attributable to harvest operations include windthrow features and
erosion features attributable to wildlife, pre-existing stream bank erosion, off-road vehicle use, and other
factors.

The relative area of exposed soil associated with erosion features that delivered sediment to streams

during the second year surveyed is used as an index of chronic sediment delivery (Aspect 1 of BMP
effectiveness).  Regression analyses of field measurements show that the volume of sediment delivered

to streams is positively correlated with the exposed soil area of the feature  (©* = 054, p = <0.01), and dso
with the disturbed soil area (> = 042, p = <0.01). However, feature-specific sediment delivery ratios

vary among individual erosion features because of differences in active erosion and sediment transport
processes and factors affecting hillsope sediment storage, such as the distance between erosion features
and streams and dope steepness. Thisinformation is discussed in more detall later in the subsection
“Relationship of Eroson Area to Volume of Sediment Delivered”.

Figure 5 shows a comparison between buffer categories based on the total relative disturbed soil area (on

a per hectare basis). Within each buffer category the surveys are arranged by study sSites, which are

grouped by physiographic region (the letter in the site ID code indicates the region), with  first and second
year surveys coded separately. Surveys evauating Riparian Management Zones (RMZs) along type|-3
streams and Riparian Leave Tree Areas (RLTAs) aong streams mapped as type 4 or 5 are lumped
together as dites with buffers. This was done because field observations of buffer width and disturbance
levels did not find appreciable differences between these two types of buffers &  our particular sampling
sites, This should not be interpreted as a categorical statement that there are not differences between the

two practices; the BMP specifications for these two types of buffers are given in the Forest Practice

Rules compiled for reference in Appendix A. Two sediment routing surveys within the buffered
category are of RI,TAs, with the remaining surveysin this category reflecting the RMZ practice.

Levels of sail disturbance were substantialy higher a most sites without buffers. During the first year
following timber harvest, soil disturbance a buffered Sites ranged from 0.1% to 19% of the survey area,
while a sites without buffers the disturbed soil area ranged from 6% to 50% of the survey area. For
second-year surveys, soil disturbance ranged from 0% to 18% of the survey area at buffered stes, and
from 3% to 50% of the survey area a harvest stes without stream buffers. At a few Sites shown in

Figure 5, a reduced survey area was sampled in the second year, resulting in a higher disturbed soil per
hectare value for year two as compared to year one. Due to limited project resources, second-year

surveys at some sites focused on a reduced survey area where erosion features were more concentrated,
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since the objective of these follow-up surveys was to evaluate whether there was continued delivery from
erosion features identified during first-year surveys.

Mean levels of soil disturbance are compared in Figure 6, which also shows the minimum and maximum
values as well as the standard error. The mean disturbed soil area per hectare is compared by buffer
category, harvest type (clearcut versus partial cut), and by yarding method (ground-based versus cable
yarding), with first and second year survey results shown separately. Single-factor ANOVA tests were
performed to evaluate the statistical significance of observed differences. These tests indicate the
probability level that the mean values being compared come from samples drawn from different
populations. First-year and second-year results are tested separately because not all sites were sampled
during both survey years. ANOVA results are shown on Figure 6, in terms of the probability levels at
which the differences between sample means are significant.

At sites where streams were buffered, the mean levels of disturbed soil were considerably lower than at
sites where streams were not buffered, for both survey years. Mean soil disturbance at sites without
stream buffers was 3.4 times higher (2024 m*HA versus 603 m*’HA) than at sites where buffers were
used for first-year surveys, and 2.8 times higher (1627 m*/HA versus 579 m*/HA) for second-year
surveys. These differences in mean levels of soil disturbance between harvest with and without stream
buffers are statistically significant at the 99% and 98% probability levels for first and second year
surveys, respectively.

In terms of harvest types (i.e., silvicultural practice), clearcuts and partia cuts had similar average levels
of disturbed soil for first-year surveys, with a slightly higher mean value for the clearcut sample.
However, for second-year surveys, mean soil disturbance at the clearcut sites was 2.6 times higher than
at partial cut sites (1241 m*%HA versus 481 m*/HA). While the range and mean from our sampling
results indicate higher levels of soil disturbance during the second year following harvest for clearcut
practices, the difference between mean values is not statisticaly significant at the 95% probability level.

When compared by method of yarding, the survey results show that cable yarding resulted in somewhat
higher levels of soil disturbance than ground-based yarding methods. For first-year surveys, the mean
disturbed soil area per hectare for cable yarding sites was 1.6 times that of ground-based yarding (1506
m’/HA versus 936 m*/HA), and for second-year surveys, cable yarding resulted in 1.3 times more soil
disturbance than ground-based methods (1222 m*HA versus 911 m*HA). The differences in mean
values observed in the comparison of yarding methods are not statistically significant at the 95%
probability level.

These findings of more ground disturbance with cable yarding methods contrast with comparisons
reported in various reviews of forestry BMPs (see for example Craig et al., 1993 and EPA, 1993), which
indicate that ground-based yarding typicaly results in greater sod disturbance than cable yarding
techniques. We evaluated whether the fact that a greater proportion of our ground-based sites were
partial cut harvests in the eastern Washington climate region might explain why our comparison found
the opposite relationship. However, even when the comparison is restricted to ¢learcut harvest units in
western Washington, we found the average level of disturbed soil per hectare to be 1.3 and 1.2 times
greater at cable yarding sites. Also, it should be noted that the proportions of cable and ground-based
sites in our sample that were harvested with stream buffers are approximately equal. The greater degree
of soil disturbance associated with cable-yarding at our study sites is probably partly a function of the
steeper slope angles at some of the cable sites as compared to ground-based yarding sites. However, it
may also be associated with other differences between ground and cable yarding methods, such as a
higher density of high-lead yarding routes at cable sites, as compared to sites where a lower density of
skid or shovel trails were used. Another reason why our comparison of yarding methods differs from
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other reported comparisons may be that we focused our erosion surveys on near-stream areas, whereas
other studies reported in the literature may have compared the total level of disturbance within the
harvest units. Other possible reasons for the contrast between our findings and other comparisons
include differences in the type of ground-based equipment and yarding technique (eg., more use of
shovels to lift and move logs and less use of skidders to drag logs).

While the relative area of disturbed soil is useful for comparison purposes, the extent of sediment

delivery to streams is more pertinent to our evauation of BMP effectiveness.  We use the relative

amount of exposed soil associated with erosion features that delivered sediment to streams as an index to
evauate chronic sediment ddlivery and the potentia for water quaity impacts. Appendix C presents
exposed soil per hectare for the individual sediment routing surveys, with the exception of afew surveys
where the extent of exposed soil for each feature was not determined in the fidld. The relative amount of
exposed soil is further digtinguished between that directly attributable to ground disturbance during
harvest operations and that associated with al erosion features that delivered. The remainder of this
discusson will focus primarily on exposed soil associated with features that delivered to streams, as
opposed to the overal soil disturbance. As noted previoudy, the sediment routing surveys from which
this information is drawn focused on harvest areas in the vicinity of streams.

The relative area of exposed soil from al erosion features that delivered sediment to streams is shown in
Figure 7, where results from individua surveys are grouped by buffer category and physiographic
region. The trend in the difference between the two buffer categoriesis smilar to the comparison of
disturbed soil per hectare. But when the relative area of exposed soil is narrowed down to only those
erosion features that delivered, the magnitude of the difference between the practice of harvest with
stream buffers and harvest without buffers is much greater. One to two orders of magnitude separate the
relative area of exposed soil a most of the buffered sites from that documented a harvest Sites without
buffers.

Figure 8 shows asmilar comparison except that it islimited to only those festures that ddlivered to
streams and that were directly atributable to ground disturbance during the harvest operations. Note the
high percentage of surveys a harvest sites with stream buffers, across five physiographic regions, that
reflect no chronic sediment ddivery from harvest erosion features, with all but three surveys showing
zero ddivery from harvest fegtures by the second year. Thisisavivid illugtration of the effectiveness of
buffering as a harvest practice to prevent chronic sediment delivery to streams. At the three buffered

sites where chronic sediment delivery was documented, O-02 (Walker Pass), R-02 (Muddy West), and

S04 (Friday Creek), the chronic delivery occurred where streams were crossed by yarding routes. Also
note in the right graph in Figure 8 (harvest without buffers), the digtinction between three surveys
conducted at patia cut units in eastern Washington (Sites E-01, E-04, and  R-07), and the remainder of
surveys which were at western Washington  clearcut units. The extent of chronic erosion with ddlivery is
grester at most of the clearcut Sites.

At seven study sSites shown in Figure 8, survey areas evauating stream buffering practices were located
adjacent to surveys evauating harvest around tributary streams without buffers. At these study Stes
(indicated by survey ID numbers ending in “BU” and “NB"), the practice of harvest with buffers was
generdly found to be effective while harvest without buffers was ineffective in al but one of the cases.
As mentioned previoudy, 80% of the 40 individud harvest-caused erosion festures that delivered to

streams at these survey areas during one or hoth survey years were found to deliver sediment to

unbuffered streams. In addition to agquatic habitat impairment within the unbuffered streams from
sedimentation, the routing of sediment through type 4 and 5 tributaries may circumvent the effectiveness
of RMZs at preventing sediment ddivery to fish-bearing streams, since a portion of the tine sediment
will ultimetely be routed downsiream.
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Further comparisons of the relative area of exposed soil associated with eroson  features that delivered
sediment to streams are provided in Figure 9, which shows the mean exposed soil per hectare adong with
the standard error, range of velues and singlefactor ANOVA results.  Figure 9 is based on harvest
features that delivered; exposed soil associated with windthrow, wildlife,  fluvial erosion, and other
features not directly attributable to harvest practices is excluded. The relative area of exposed il
associated with delivered features is compared by buffer category, harvest type, and yarding method,,
with first and second year survey results shown separately. Based on a comparison of means, the

practice of harvesting without buffers resulted in 39 times more exposed soil associated with features
that delivered during the first year (981 m%HA versus 25 m’/HA), and 15 times more chronic erosion
(493 m¥HA versus 33 m’*/HA), than where stream buffers were used. These differences between mean
vaues for harvest with stream buffers and harvest without buffers are datisticaly sgnificant at the 99%
and 98% probahility levels for first and second year comparisons, respectively.

In comparing harvest types, the average level of exposed soil from delivered harvest fegtures a clearcuts
was three times greater than at partid cuts during the first year (408 m*/HA versus 133 m%HA), but 14
times greater the second year following harvest (294 m*/HA versus 21 m*/HA). This digtinction between
fird and second year comparisons may be explained by the more extensive vegetation clearing associated
with logging and pogt-logging practices at clearcut harvests, leading to longer-lasting erosion effects at
these sites, as compared to faster revegetation a the partidl cut Stes. Also, more of the clearcut Sites
were on steeper ground and used cable-yarding, factors which were aso associated with more chronic
erosion. It should be noted that the proportions of partid cut and  clearcut Stes in our sample that were
harvested with stream buffers are gpproximately equal. Although our sediment routing surveys
documented higher levels of harvest-attributable eroson with clearcut practices, the differencesin mean
vaues noted above are not gatigticdly sgnificant a the 95% probability leve.

When compared by method of yarding, cable yarding produced about three times more exposed soil per
hectare from harvest features that delivered than ground-based yarding for both survey years (591 — m*HA
versus 230 m%HA for first-year measurements, and 403 m*HA versus 124 m*/HA for second-year
surveys). When yarding methods are compared using only data from clearcut unitsin western
Washington, we found that cable yarding produced 2.1 and 2.4 times more exposed soil from harvest

eroson features that delivered during the firg and second years following harvest, respectively.

Although we observed higher levels of exposed soil with cable yarding practices, the differences in mean
vaues are not datiticaly significant at the 95% probability leve.

These comparisons based on the relative exposed soil area point out even greater distinctions between
the different categories of harvest practices than were seen by comparing the overal soil disturbance, and
since they reflect erosion associated with sediment delivery to streams, are probably more relevant to a
discusson of BMP  effectiveness.

Stream Buffers and Sediment Delivery

The primary factor associated with reduced delivery of sediment at Stes with buffersis the proximity of
fdling, yarding, and other ground-disturbing activities to streams. Of the 157 individual erosion features
determined to deliver sediment to streams during either the  first or second year following timber harved,
94% were located within 10 meters of the stream.  Correspondingly, 74% of the 248 non-delivered
features surveyed were located greater than 10 meters from surface waters. Generally spesking, when
eroson isinitiated by ground-disturbing activities within 10 meters (dope distance) of a stream, ddivery
of sediment is more likdly than not. We documented 212 individua erosion features within 10 meters of
gdreams, and 69% of these were found to deliver sediment during the first and/or second year following
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harvest. Conversely, when erosion features occur farther than 10 meters from streams, delivery is
unlikely unless gullies develop downdope of the festures. Of the 193 surveyed erosion fegtures located
greater than 10 meters from surface waters, 95% did not deliver.

These data indicate that buffers, where ground disturbance from harvest operations is excluded, function
very wdl to prevent sediment delivery to streams. The main reason that stream buffers are effective is
that they keep ground-disturbing activities and active erosion Sites away from the streamside area.
Secondarily, they may aso intercept and filter sediment from upslope erosion Stes, so long as drainage
is not concentrated in gullies and channels. The buffers evauated in our sediment routing surveys
included 20 RMZs and two RIL.TAs, which had an average one-sided width ranging from seven to 66
meters. The average for the sample was 25 meters, and 17 of the 22 buffers were between 10 and 35
meters wide. Harvesting activity within the buffersin our sample was minimd to none in dl but five
cases, and yarding across buffers and streams was evident in only two cases.

Figure 10 shows the relationsnip of buffer width to frequency of  delivery for harvest-atributable erosion
features documented at each site (ie., the percent of harvest features that delivered sediment to streams),
as well as the number of erosion features per hectare surveyed that delivered sediment to streams. The
plot in the top half of Figure 10 shows the rdationship between buffer width and the relative extent of
exposed soil associated with harvest erosion features that delivered. This plot can be used to put the
observed ddivery frequency in context, in terms of the magnitude of erosion and sediment delivery. The
scatter plots presented in Figure 10 show results for al sediment routing surveys, including those for 11
sites where streams were not buffered. These data on delivery frequency are for erosion features that

were found to deliver in either first or second year surveys, and the data on exposed soil/hectare is based
on the first year following harvest, except in a few cases where measurements of soil exposure were only
available for second-year surveys. Therefore, these plots reflect worst-case effects in terms of the

sediment delivery documented at our survey areas.

These scatter plots show the digtinction between harvest with stream buffers and harvest without buffers.
With a few exceptions, the results for harvest without buffers (plotted a zero on the buffer width axis)
show a higher frequency of delivery, more features that delivered, and more exposed soil per hectare
associated  with - harvest-attributable erosion features that delivered.  Four huffered sites appear on the
lower plot as having high delivery frequencies (> 50%). One of these Sites had 100% delivery, however
thiswas asngle smd|l yarding feature thet delivered minor amounts of sediment the first year but had
revegetated by the second year following the harvest. Another site had a 54% delivery frequency during
the fird-year survey from skid trails located outside the RMZ that delivered viasmal channetized flow
paths, which did not continue to ddiver into the second year. The other two buffered Sites having high
delivery frequencies (71% and 80%) were the only buffered Sites where yarding routes crossed the

stream and buffer, and delivery from these erosion features continued into the second year following the
harvests.  The remaindei of the buffered sites had delivery frequencies of 30% or less, and 13 of the 22
buffered sites (59%) had zero sediment ddlivery from harvest features. Considering dl the results,
buffered sites had an average delivery frequency of 18% for harvest-atributable eroson features, with an
average of one delivered erosion feaiure per hectare surveyed. By contrast, Sites where streams were not
buffered had delivery frequencies ranging 14% to 100% for harvest erosion features, with a Ste average
of 66% delivery and an average of 16 harvest features delivered per hectare surveyed. Most of the
sediment delivery documented at Sites without stream buffers continued into the second year following
timber harvest.

Considering only buffered Stes, the scatter plots indicate more sediment delivery for buffers less than 18
meters wide. However, it should kept in mind that this delivery was short term, except in the cases
where yarding routes crossed the stream and buffer, and that overal, the sediment routing survey results
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demondirate that erosion located at least 10 meters from streamsis unlikely to ddiver sediment. A
buffer width of 10 meters would be expected to prevent delivery from about 95% of al erosion features

a harvest gtes. In fact, dl of the chronic harvest-attributable sediment delivery documented at buffered
gtes was from erosion features located within 10 meters of the stream. While windthrow resulted in
eroson features within many of the buffers a clearcut Sites, our observations indicate thet windthrow
features are not as likely to deliver as some other types of erosion features, even when located very near
streams. For example, of the 66 windthrow features located within 10 meters of streams, only 58%
delivered sediment, as compared to 75% delivery for afl other types of erosion features located within 10
meters of stream. Conversdly, of the 65 features located within 10 meters of streams that did not deliver
sediment, 43% were windthrow features. It was commonly observed that when trees blow down, the
resulting crater and the rootwad itsdlf tend to function as alocdized sediment trgp, storing the sediment
produced by the blowdown.

The proportion of al eroson features that delivered, and the proportion of delivered features that were
within 10 meters of streams, are summarized in Table 5 for the different categories of harvest practices.
When data from al survey locations and al types of erosion features are pooled, 39% of al features
surveyed were found to deliver. The proportion of delivered features ranges from 29% a sites with
stream buffers to 67% at sites where harvest was conducted adjacent to streams mapped as type 4 or 5
with no buffers. Furthermore, 70% of the 87 delivered erosion features a Stes with stream buffers were
windthrow, wildlife, or other festures not directly attributable to harvest activities. In contragt, a Stes
harvested without stream buffers only 9% of the 70 delivered features were attributed to non-harvest
causes. The percentage of delivered features that were located within 10 meters of streams ranged from
80% for surveys of partiad cut harvests to 99% for surveys harvest sites without stream buffers.

Table 5: Proximity of Erosion Features to Streams
in Relation to Sediment Delivery.

Number and Number and Percent

Total Percent of All of Delivered Features

Number of Features that within 10 meters of

Harvest Practice Features Delivered Streams

All Sites 405 157 39% 147 94%
Buffer wiBuffer 300 87 25% 78 90%
Category w/o Buffer 105 70 67% 69 - 99%
Harvest Partial Cut 110 35 32% 28 BO%
Type Clear ¢ |u 195 122 41% 119 88%
Yarding Ground-based 295 101 34% 92 91%
Method Cable Yarding 110 - 56 51% 55 98%

Partid cut harvests had a lower frequency of delivery than  clearcut harvests, and erosion features at
ground-based yarding sites were substantially less likely to deliver than where cableyarding — was  used
(34% delivery for erosion features at ground-based sites versus 51% at cable Stes). As noted previoudy,
the proportions of Stes in our sample that were harvested with stream buffers are approximately equal
for the sub-samples used to compare harvest types and yarding methods. The difference in delivery
frequency between ground and cable yarding is probably a function of the steeper dope angles a some
cable-yarding sites as compared to ground-based yarding sites, as well as other differences in the type
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and location of yarding activities. One difference that may be important is that ground-based yarding
generdly resultsin more diffuse ground disturbance when logs are yarded to alimited number of
established skid and shovel trails, versus more concentraied yarding aong a higher density of cable
routes. Also, cable yarding routes often tend to be oriented a more acute angles (or perpendicular)  to.
streams, which may promote gullying and/or direct concentrated runoff towards streams, whereas skid
and shovel trails tend to be oriented more or less pardlel to streams.

Causes of Erosion at Harvest Sites

As mentioned previoudy, our sediment routing surveys documented 405 individud erosion festures
during one or more survey years, a 33 survey areas located at 18 different study Sites or harvest units.

These surveys covered a total of 58.8 hectares of harvest areas adjacent to 7.9 kilometers of streams. (At
some aress, both sides of the stream were surveyed, making a total of about 12.9 kilometers of stream

bank length that was covered). These erosion features have been grouped into 10 categories based on the
physical cause of erosion/ground disturbance. Of the 405 erosion features, estimates of the percent
exposed soil were made for 382 features. Figures 1 la and 1 Ib show the proportion that each erosion

cause category comprises of the total erosion documented statewide (including al erosion features,

whether or not they delivered). Figure 1 la shows the proportion based on the total number of features
surveyed, while Figure 11 b shows the proportion based on the total extent of exposed soil.

Based on their frequency of occurrence, windthrow, yarding, and skid trall features make up 80% of all
eroson festures documented on the harvest sites. However, when the proportion of total exposed soil

area is considered, skid trail and yarding features alone comprise 70% of the 13792  m? of exposed oil
associated with all active erosion features.  Shovel trails (where these could be distinguished from skid
trails) account for another 12.3% of the exposed soil area. Yarding scars (apart from digtinct skid trails)
are the second most predominant erosion feature in terms of both frequency and the extent of exposed
soil. It should be pointed out that one reason skid trails appear to be the dominant harvest-attributable
cause of erosion in terms of numbers of features and the cumulative exposed soil area when al sediment
routing survey results are lumped together, as in Figure 11, is that our total sample included more than
twice as many surveys of ground-based yarding sites as cable sites.  For this reason, the totd sample of
erosion features may disproportionately represent skid trails. It is important to remember, however, that
when average levels of ground disturbance and exposed soil are compared, cable yarding actually
produced more relative amounts of eroson than ground-based yarding (as illustrated in Figures 6 and  9),
and that erosion features at cable-yarding sites had a higher frequency of delivery.

Other eroson features associated directly with timber harvest practices include fdling, faling/yarding,
and landing features. |solated erosion scars attributed solely to the falling of trees, where this could be
distinguished from yarding scars, ranked seven out of 10 in terms of the number of features, but ranked
last according to the extent of exposed soil, due to the small size of these features. Features Where
fdling marks were contiguous with yarding scars (fdling/yarding) were more common, ranking fifth in
number and eighth in area of exposed soil.  There were only three landing features covered in the survey
areas, but these accounted for amost 4% of the total area of exposed soil, ranking fifth among the 10
categories of features. Erosion directly attributable to contemporary timber harvest activities comprised
62% of al features documented within the sediment routing survey areas, but these features accounted

for 88% of the total exposed soil area

Erosion features attributed to causes not directly associated with ground disturbance from the timber
harvesting practices eva uated included windthrow, erosion caused by wildlife and livestock trails, fluvial
erosion of upper stream banks and bluffs, and others. Active erosion features in the “other” category
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include two off-road vehicles trails, two remnant features apparently associated with yarding during the
logging of the original forest, and an active mass wasting feature dong the inner gorge of a sream vdley
which was not atributed to current logging activities. Windthrow features, which had the largest
proportion in terms of numbers of features (30%), account for less than 7% of the total extent of exposed
s0il, due to the relatively small sze of eroson scars associated with windthrow. Wildlife/livestock
features ranked fourth in terms of frequency but next to last in terms of the extent of exposed soil (less
than 0.5%). At our survey aress, the vast mgority of these features were associated with wildlife
activity, with afew attributed to cattle. Six active fluvial eroson festures (dominated by river bluff
erosion a one Site) accounted for Amost 2% of the total exposed soil area due to their relatively large
sze and highly exposed nature. The “other” category aso included some rdatively large, dthough
moderately exposed, features and accounted for amost 3% of the total exposed soil. In dl, erosion
features not directly attributable to timber harvest operations accounted for 38% of the tota number of
features, but only about 12% of the total extent of exposed soil a harvest units.

Comparison of Erosion Causes Among Different Harvest Practice Categories

The relative contribution of these categories of erosion features varied by harvest type and buffer

category.  Skid trails are a more dominant cause of erosion a partial cut units as compared 0 clearcut
units. In terms of their frequency, skid trails accounted for 56% of al erosion features at partia cut Sites
but only 13% of dl features at clearcut Stes, with shovel trails adding another 2% and 5% of features a
partia cut and clearcut harvests, respectively. When comparing the relative contribution to eroson in
terms of the amount of exposed soil area, skid trails and shovel trails collectively make up 88% of the
erosion a partid cut stes compared to 56% &t clearcut Stes. Conversdly, faling and yarding activities
outsde of digtinct skid and shovel trails account for a larger proportion of total eroson &  clearcut sites
than a partid cut harvests, accounting for 37% of the total number of features and 23% of the tota

extent of exposed soil a clearcuts. At partid cut Stes, faling and yarding features accounted for 18% of
the total number of features, but only 7% of the erosion based on exposed soil  area.

The difference in the relative contribution of faling and yarding activitiesto eroson a harvest sitesis
important, because faling and yarding features are more likely to deliver sediment to streams than are

skid and shovel tralls.  Table 6 summarizesinformation on the different types of erosion feetures,
including the percent of features that delivered to streams, percent located within 10 meters of streams,

the average size of features in terms of disturbed and exposed soil area, and the average degree of soil
exposure for features in each cause category. Twenty-six to 29 percent of skid and shovel trail features
were found to deliver sediment to streams during one or both survey years, compared to 39 to 67 percent
of faling and yarding features thet delivered. The proportion of features that delivered is strongly
associated with their proximity to streams.  Twenty-four percent of shovel trails and 32 percent of skid
trail features were within 10 meters of streams, compared to 50 to 83 percent of faling and yarding
features within 10 meters of streams. Furthermore, we found thet virtualy dl of the skid and shove
trails associated with chronic sediment delivery were trails that crossed streams. The large Size of skid
trails and shovd tralls relative to other harvest and non-harvest features highlights the importance of
keeping these features a least 10 meters from streams and avoiding stream crossings. In fact, dthough
the frequency of delivery was less for skid trails, we found that they accounted for amost haf of the total
eroson from features that delivered sediment to streams, as discussed in the following section.

The practice of timing harvest activities to occur during winter, in areas where snow cover and/or frozen
ground reduce the extent of ground disturbance, may be one factor contributing to the lower proportion
that yarding and faling scars make of the total erosion observed a the partia cut Sites. Five of thenine
individual sediment routing surveys conducted a partid cut Stes were in the Northern Rockies
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physiographic region in northeast Washington. Although congtructed skid trails and two “shove” trails
(these were apparently used by feller/buncher equipment) were distinct as surface erosion features a
these dites, there were very few eroson scars associated with faling or off-trail yarding. At one ste
(Middle), the lack of faling scars was particularly surprising given the number of trees removed from a
Seep inner gorge area, including severd within 10 meters of the stream within the RMZ. We étribute
the lack of this type of ground disturbance to the use of wintertime harvesting on frozen and/or snow

covered  ground.

Table 6: Characteristics of Erosion Features by Cause of Erosion

Percent of Percent of Average Average
Total Number| Features that | Features within | Disturbed | Exposed Average
Cause of of Features | Delivered to 10 meters of Area Soil Area Soil
Erosion Surveyed Streams Streams (m?) ’ (mz) Exposure

Skid Trails 101 26% 32% 163.8 82.3 41%
Shovel Trails 17 29% 24% 161.4 100.1 45%
Yarding 102 39% 56% 59.8 217 ‘48%
Falling 10 50% 50% 6.2 34 55%
[Falling/Yarding 18 67% 83% 252 14.1 53%
Landings 3 67% 100% 2179 177.5 79%
Windthrow 120 33% 55% 11.1 7.8 66%
Wildlife/Livestock 21 76% 81% 156.2 35 30%
Fluvial Erosion 7 100% 100% 62.3 439 71%
Other Causes 6 83% 100% 179.2 75.4 28%

In comparing other categories of erosion features, windthrow features were much more frequent at
clearcut Stes than a partia cut harvests, and accounted for a greater proportion of the exposed oil. At
the ¢learcut Stes, 110 of the 295 erosion features (37%) were associated with windthrow, accounting for
10% of the exposed soil at these Sites. In contrast, 10 windthrow features accounted for 9% of the 110
erosion features documented at partid cut Stes, and these were associated with less than 1% of the

exposed soil a these sites. Three of the 10 windthrow features at partid cut Sites were noted as old

windthrow features, i.e, the trees were down prior to the harvest. Erosion features associated with

wildlife and/or livestock activities were rdatively more frequent at partia cut Sites, accounting for 9% of

al features surveyed, as compared to 4% at

accounted for less than one percent of the total exposed soil at both harvest types.

There are aso differences between buffer categories in terms of causes of erosion.

harvest Stes where buffers were not

clearcut gtes. However, wildlifellivestock features

Skid trall and shovel
trail features had about the same frequency in terms of numbers of features at sites where buffers were
evauated as at gtes without buffers (25% to 26% of features were skid trails, and 4% to 5% were shovel
tralls). However, in terms of the total extent of exposed soil, digtinct trails accounted for 75% of the
eroson a harvest stes with buffers, but trails accounted for only 49% of the totdl exposed soil at Sites
where buffers were not used. As would be expected, the reverse is true for the relative contribution of
erosion accounted for by faling and yarding activities outsde of distinct skid and shovd trails. At

left dong streams, faling and yarding features accounted for 58% of

dl eroson features and 38% of the total exposed soil area In contrast, falling and yarding accounted for
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23% of al features, and only 8% of the exposed soil, a sStes where buffers were used. Windthrow
features accounted for the greatest number of features (39%) at Sites where buffers were left, and about
10% of the totd exposed soil a these sites.  Only three windthrow features were documented by
sediment routing surveys where harvest without buffers was evauated (at partid cut Sites). Wildife
activity accounted for about 5% of erosion festures a both buffered and unbuffered sites, but less than
0.5% of the exposed soil.

Sediment Delivery from Different Erosion Causes

The previous discussions examined the relative contribution of the different types of eroson featuresto
the total erosion documented at harvest stes. Figures 12a and 12b show the frequency and proportion of
total exposed soil for the same categories of erosion features, except that these proportions are based

only on the 157 erosion features determined to deliver sediment to Streams. Yarding features are ranked
first based on the number of features that delivered, and ranked second in terms of the extent of exposed
soil. Skid trails ranked third in frequency, accounting for about 16.6% of features that delivered, but
these account for amost half (47%) of the total exposed soil area from delivered features, owing to the
large sze of skid trall features. Landings, shove tralls, fdling, and fdling/yarding features account for
another 18.2% of the exposed soil from features that delivered to streams located within or adjacent to
harvest units. In all, features directly attributable to timber harvest activities account for 57% of the 157
individual erosion features that delivered, and 87% of the tota erosion based on the area of exposed il
associated with features that delivered. The remaining 43% of features that delivered were windthrow,
wildlifelivestock, fluvial erosion, and other festures not directly attributable to harvest activities, but
these categories of erosion features collectively accounted for only 13% of erosion a harvest Sites based

on the extent of exposed soil.

Relationship of Erosion Area to Volume of Sediment Delivered

Volumes of eroded sediment and feature-specific sediment delivery ratios appeared to be highly variable
among individual erosion features that were observed to have delivered sediment to streams. This
variability is associated with the wide range of erosion and sediment transport and storage processes
influencing sediment delivery, aswell as differences in topography and distances between erosion
features and streams. Types of erosion ranged from sheetwash and ravel to small-scalle mass wasting and
gully erosion. Sediment transport processes ranged from overland sheet flow to channelized flow in
gullies and equipment ruts. Some features had compaction from heavy equipment while others did not.
Soil characteristics also varied considerably from ste to ste, as did the degree of hilldope storage.

Hilldope angles ranged from flat (<10% gradient) to very steep inner gorge areas where local dopes
exceeded 100% gradient. In generd, sediment ddlivery ratios increased with increasing proximity of the
erosion festures to streams and steeper hilldope angles.  Sediment delivery ratios may approach 100%
for eroson features that are in direct connection with stream channels, where surface obstructions are not
present to promote hilldope storage.  An example of this would be stream crossings of highly exposed
skid trals (downdope of waterbars), and other highly exposed yarding features.

We egtimated the volume of sediment delivered from field measurements (erasion minus hilldope
storage) for 2 1 erosion features during second-year sediment routing surveys. This was a Selective
sample of eroson features chosen to represent yarding, faling, and skid trail festures with varying
degrees of soil exposure affected by different erosion processes. The sample was taken from six

sediment routing surveys located in three different physographic regions (Olympic Peninsula, Willgpa
Hills, and Northern Rockies). This represents about 13% of al 157 erosion features that ddlivered to
streams, or 24% of the 86 features found to deliver in  the second year following harvest, when the
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Proportions of All Erosion Features that Delivered Sediment to Streams.
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Figure 12a: Proportion of Erosion Features as Percent of
Total Number of Features that Delivered Sediment to Shams.
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measurements were made. For 21 individual features the volume of sediment delivered ranged from
<0.1 m® to 68.2 m®, and averaged 4.6 m*/feature with a median value of 0.5 m*, Based on these delivered
volumes, the feature-specific sediment yields ranged from 12.6 m*/hectare to 3059.3 m*/hectare, and
averaged 427 m’/hectare of disturbed area. Given the highly skewed distribution of these data, the
median sediment yield of 112.5 m’*/hectare may be more informative than the mean. There is significant
positive correlation (p = <0.01) between the delivered sediment volume (log,, m’) and the disturbed area
of the feature (log,, m*), with * = 0.42, and also the exposed soil area (log,, m?), with r* = 0.54. These
regressions are illustrated in the scatter plots presented in Figure 13.

Since measurements were taken during second-year surveys, these could be conservatively considered
two year erosion rates and sediment yields for comparison purposes. These sediment yields, indexed to
the surface area disturbed by the harvest activities, are comparable to or higher than sediment yields
reported for roads in this study and others, when such yields are indexed to the area disturbed by road
construction. Although it is commonly assumed that surface runoff as overland flow is not a major
response to precipitation and snowmelt on forest lands, even clearcut lands, due to the effects of
vegetative cover and slash, our findings show that surface runoff on harvest sites is a factor affecting
erosion and sediment delivery, acting at a localized scale, for at least the first two years following ground
disturbance. These estimates of sediment yield from discrete, harvest-related erosion features illustrate
the relative magnitude of the potential impacts from harvest site erosion where ground disturbance
occurs in close proximity to streams. However, given the highly variable nature of erosion volumes and
sediment delivery ratios for individual features, and the fact that 58% and 46% of the variation in
sediment delivery volumes was unexplained by the disturbed and exposed soil area, respectively, it is not
appropriate to extrapolate these sediment yields-to the disturbed ground over larger harvest areas, beyond
providing order of magnitude estimates. It should also be kept in mind that these data on sediment yield
are for near-stream erosion features with documented delivery to streams.

Stream Channel Condition

Physical stream channel conditions as affected by timber harvest practices were evaluated using a variety
of survey techniques (see Appendix | for field survey protocols). The survey-specific effectiveness
ratings are summarized in Table 4, and detailed survey results are presented in Appendices D and E, as
well as in the case summaries in Appendix J. Pooled results from selected surveys are discussed below.

Channel Condition Survey Results

The channel condition survey provides an overall assessment of stream channel characteristics with
respect to sediment deposition and the physical integrity of the channel bed and banks. Sdlected fidld
observations made during the survey were scored to evaluate changes within study reaches over time,
and so that results from treatment reaches could be compared to control reaches. Elements of channel
condition surveys that were not scored are used to evaluate the response potential of the reach or
cause/effect relationships associated with streamside activities. The channel condition field form with
scoring procedures are presented along with the field protocols in Appendix |. Comparisons between
conditions before and after the forest practice and between control and treatment reaches are used to
make survey-specific effectiveness ratings of BMP examples for use within the weight-of-evidence
approach. This survey technique is intended to monitor gross level changes in stream channel conditions,
and is generally not suitable for evaluating more subtle effects, hence the lo-point net change threshold
used for BMP effectiveness calls.

Page 46




Exposed Soil Area vs. Delivered Volume
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Appendix A

Best Management Practices Evaluated




After/Before Ratio of Channel Condition Scores
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Channel conditions observed during the surveys reflect either disturbance or lack of disturbance that may
be directly or indirectly attributed to timber faling and yarding practices and, in some cases, subsequent
windthrow of trees left within buffers. Very little change in the condition of stream banks, the surface
substrate in pools and non-pool areas (including deposition of fine sediment), and sediment storage
elements such as woody debris and boulders was observed in control streams and streams buffered by
RMZs and RLTAs. Windthrow-associated bank erosion was observed in some buffered streams, but this
did not generally increase the overal extent of bank erosion enough to affect the channel condition score.
Stream bank erosion is covered in more detal in the following section.

At unbuffered streams within clearcut units, substantia changes in the condition of channd substrate
were observed, including increased extent and depth of fine sediment in pools, increased Streambed
mohbility, and increases in the extent of fresh sediment deposits throughout the channel. It was noted at
severd Stes that the pre-existing substrate of type 4 streams was amost completely buried by a layer of
tine sediment up to severd centimeters thick following clearcut harvest without buffers. This new
surface layer consisted of a matrix of sand and smaller sized sediment and small-sized dlash, whereas
before the harvest the substrate had consisted mainly of gravel-sized materia. In some cases, in-stream
depodits of logging dash were extengve. Sediment storage elements consisting of small to large woody
debris, which had appeared to be quite old yet stable prior to harvest, were destabilized in some cases.

New sediment storage elements associated with logging dlash did not appear anchored in the  stream S0 as
to remain stable. In some cases upper and lower stream banks were also severely disturbed. However, at
sreams with very low bank profiles and rdatively flat valley wals near the stream, we sometimes
observed that the extensive dash left a  clearcut Sites appeared to protect the stream banks from physica
disturbance during yarding.

Stream Bank Erosion

We surveyed stream bank erosion a 17 different study reaches, visiting 16 of these reaches two or more
times over the course of the study. During these surveys the linear extent of stream bank erosion was
measured along with the total length of stream bank (both sides of the stream), so that the extent of bank
erosion can be expressed as a percent of total bank length. The surface area of exposed bank (excluding
boulders, large wood, and other non-erodible surfaces) was aso determined for each bank, and the
physical cause of erosion was ascertained based on  field observetions. The results of these stream bank
erosion surveys are summarized in Appendix E. Bank erosion ranged from 0% to 44% of total stream
bank length. The observed erosion was attributed to six categories of causes. 1) scour by flowing water;
2) fdling and yarding during timber harvest operations; 3) wildlife activity (includes livestock activity a
one gte); 4) windthrow of streamside trees; 5) channel destabilization associated with changes in
streambed elevation caused by removal of channel control elements (boulderswoody debris steps)

during road condtruction (a one study site); and 6) unknown causes (at one Study Site).

Figure 15 shows a comparison of the relative contribution of these bank erosion causes among  the
different forest practice categories evaluated, using stacked bars. These categories include control Sites,
clearcut harvests with Riparian Management Zones (RMZ-CC), patid cut harvests with Riparian
Management Zones (RMZ-PC), clearcut harvest without a stream buffer (NB-CC), partid cut harvest
without a dream buffer (NB-PC), and road congtruction/culvert ingtalation (ROAD). Also depicted in
Figure 15 are the average extent of bank erosion (as a percent of total bank length) and the change in the
extent of eroding bank observed over the monitoring period, expressed as a percent of total bank length,

for the same categories of forest practices. Except for the bars depicting change in the relative extent of
eroding bank, the comparisons in Figure 15 are based only on measurements from surveys conducted

after the forest practice operation. Generaly, these “after” surveys were conducted 4-10 months after the
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forest practice operation, but in the case of the Kapowsin RMZ it was two months after, and in the case
of Plesha Road it was 23 months after road construction. Secondary follow-up surveys conducted at the
Simmons and Elbe Control sites (included in Appendix E) are excluded from the comparisons in Figure
15 to avoid skewing the comparisons by duplicate counting of the same eroding bank features, as are two
surveys conducted during the road construction phase. The inclusion of only a single “after” survey for
each study reach results in very small sample sizes for the forest practice treatment categories, so these
comparisons may not be representative of stream bank erosion in other streams affected by these
practices. Note that only a single “after” survey is available to represent the practices of partial cut and
clearcut harvest without buffers.

At control reaches unaffected by the forest practices under evaluation, 84% of the bank erosion was
atributable to scour by flowing water, with the remaining 16% associated with wildlife trails. At
streams with RMZs left following clearcut harvesting, scour and windthrow caused the vast mgjority of
active bank erosion, accounting for 48 and 43 percent, respectively, of the total length of eroding bank.
Direct physical disturbance by falling and yarding activities caused just over 7% of bank erosion within
clearcut RMZs, and wildlife activity contributed about 2%. At partial cut RMZs, scour accounted for
amost 66% of the bank erosion, followed by wildlife activity which caused about 19%. Windthrow was
associated with about 16% of the bank erosion in this category, but this was a single tree that had been
down prior to the harvest, where erosion of the rootwad had been reactivated. These proportions should
not be confused with a magnitude or severity of erosion. For example, there was a cumulative total of
only 14 meters of bank erosion at these three partial cut RMZs, so the 16% of erosion attributed to
windthrow amounts to only 2.2 meters of eroding stream bank. In contrast, over 132 meters of eroding
bank was measured at the three clearcut RMZ streams, so the 43% attributed to windthrow at those
streams represents 57 meters of eroding bank.

Similar differences in magnitude exist between the study reach evaluating clearcut harvesting with no
buffer and the one evaluating the practice of partial cut harvest with no buffer. At the clearcut site there
were 53.2 meters of eroding bank, with about 65% of this attributed to scour by flowing water and the
remaining 35% (18.7 meters of bank erosion, including upper banks) attributed to physical disturbance
by tree falling and yarding. At the stream where partial cut harvesting was conducted with no buffer,
only 1.8 meters of eroding bank was measured following the harvest, with ailmost 78% of this attributed
to wildlife and the remaining 22% attributed to an unknown cause. Also note, in Appendix E, the
substantial difference in the magnitude of the amount of exposed surface area on eroded banks: 75.8 m?
at the Gunderson Creek NB-CC site after harvest compared to 0.9 m? at the Sherry Creek NB-PC site.
The proportions for the three sites below newly constructed roads are dominated by one stream reach
which accounted for 66% of the 69.3 meters of eroding banks measured at the three reaches. Scour by
flowing water accounts for over 67% of the total erosion at these three road sites, with channel
destabilization at one of the three sites accounting for about 26%, and wildlife/livestock activity at the
third site accounting for the remaining 7%.

The overall extent of stream bank erosion at control sites was 8% of total bank length. Sites in the
clearcut RMZ category and sites below road crossings had an average stream bank erosion rate that was
amost three times higher than streams in the control category (Figure 15). The average stream bank
erosion rate at the three partial cut RMZ sites, and at the one stream affected by partial cutting with no
buffer, were less than half of the average erosion rate at control sites. This suggests minimal stream
bank damage associated with partial cut practices at these sites, and may also reflect a lower basdline
erosion rate in the Northern Rockies region, where these study reaches were located. The one stream
affected by clearcut harvesting with no buffer had 44% of its banks in an eroding state following the
harvest, nearly double the 23% erosion rate at this reach before the harvest. Previous disturbances and
the highly erodible soils at this site made it particularly susceptible to stream bank disturbance.
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Results from “before” surveys of stream bank erosion were used in conjunction with “after” surveys
from paired treatment-control reaches to make case-specific BMP effectiveness decisions as part of the
weight-of-evidence approach. Pooling the results from all “before” surveys conducted at treatment and
control reaches provides some insight into stream bank erosion characteristics in the absence of effects
from contemporary forest practices. The overall extent of stream bank erosion in 15 reaches unaffected
by contemporary forest practices was just over 7% of the total bank length surveyed, or a cumulative
total of 145 meters of eroding stream bank out of 2054 meters surveyed within 16 stream reaches. This
represents an average baseline level of bank erosion in forested areas, which can be compared to
observations of bank erosion at stream reaches affected by forest practices. Ten percent or less of the
total bank length was actively eroding in 80% of the “before” reaches, with 60% of the 15 reaches having
five percent or less of the stream bank eroding. A third of these “before” reaches had less than 1%
actively eroding bank length. Two streams in the Olympic physiographic region and two reaches on one
stream in the Eastern Cascades region had higher levels of erosion, in the range of 20-40% of total bank
length, and these higher levels may be explained by an examination of site-specific circumstances. In
the Olympic Peninsula streams, there was evidence of residual effects from extensive channel
disturbance during the logging of the original forest on highly erodible soils, including old growth cull
logs in the channel and steepened inner gorges. In the case of the Eastern Cascade site, this stream was
downcutting through highly erodible, non-cohesive sandstone material. The erosion was probably as
much due to ravel and sloughing of perpetually unstable banks as it was to scour by flowing water in this
intermittent stream.

In Figure 15, the bar on the right side of the bar groups for each category shows the change in extent of
bank erosion as a percent of total bank length. These percent values are determined by comparing the
total stream bank erosion measured for each category before forest practice operations to that measured
after. (For the categories reflecting clearcut and partial cut harvests without stream buffers and road
construction, only a single stream reach was available for this before-after comparison.) Bank erosion at
the control sites increased by just over 2% of total bank length (14.2 meters of increased erosion at 5
reaches) over the monitoring period. Virtually all of this change (12.3 meters) was attributed to
increased scour, with a minor increase in erosion caused by wildlife (3.2 meters) and a slight decrease in
erosion from unknown causes. The change in relative extent of bank erosion at partial cut RMZ sites
was similar to that observed at control reaches. For three partial cut RMZ reaches the increase was less
than 3% of total bank length, or 11.4 meters of increased bank erosion. Seven meters of this was due to
increased scour, with wildlife and windthrow each accounting for just over two meters of increased
erosion. Bank erosion at the three ¢learcut RMZ reaches, with a total bank length of 570 meters,
increased by almost 14% of total bank length, or 78.5 meters. Of this increase, 57 meters was
attributable to windthrow of streamside trees, with increased scour and faling/yarding each accounting
for less than 10 meters, and wildlife erosion accounting for 2 meters.

At the study reach affected by clearcut harvest with no stream buffer, the proportion of bank length
eroding increased by almost 17%, or 20.2 meters, with 18.7 meters of this caused by falling and yarding
activities and the remainder attributed to increased scour. The study reach affected by partial cut harvest
with no buffer had a very dlight decrease (-0.2 meter) in measured bank erosion. The reach affected by
road construction had an increase in bank erosion of aimost 32% of bank length, or 19.1 meters. Of this
increase, 18.3 meters was attributed to channel destabilization caused by disturbance of the streambed
where the culvert was placed, which led to downcutting and channel erosion upstream of the culvert. It
appeared that a relict beaver dam may have been destabilized as a result of the culvert placement and
streambed disturbance at this study reach, which had no measurable bank erosion before road
construction. (At the other two study reaches evaluating bank erosion associated with road construction,
the initial surveys were conducted concurrent with road construction activities, so they are not included
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in the before-after comparison shown in Figure 15. However, none of the increased bank erosion a these
reaches was directly attributable to road construction activities)

We pooled the stream bank erosion survey results from control reaches and the five forest practice
categories to evaluate the relative importance of the causes of erosion in forested streams in Washington.
Figure 16 shows the frequency with which these different causes were implicated in 16 separate stream
bank erosion surveys conducted at treatment and control reaches after forest practice operations,

“before” surveys are excluded from this analysis. The frequency of occurrence isindicated by the left
(gray colored) of the two bars displayed for each erosion cause category in Figure 16.  Thisisthe
percent of al survey reaches in which each cause was implicated. The right bar (black colored) indicates
the proportion that each cause category makes up of the total length of stream bank erosion measured at
al survey reaches (a total of 323 meters eroding out of 2155 meters of stream bank surveyed). It should
be noted that, while the analysis presented in Figure 16 provides an overdl picture of the relative
importance of these different causes of streambank erosion, the pooling of control reaches and treatment
reaches tends to disproportionately represent some causes, such as scour and wildlife, while diluting the
proportions of other causes such as fdling and yarding activities and windthrow.

Bank erosion atributed to scour by flowing water was found in 69% of al surveys and accounted for

61% of al erosion documented in these surveys. The relative proportion which each cause comprises of
total erosion is probably more important than the frequency of occurrence. For example, wildlife activity
caused bank erosion in 44% of the reaches, but this cause accounted for only about 6% of al bank

erosion measured, due to the small size of the disturbance caused where wildlife trails cross streams.
Windthrow was observed to be a cause of bank erosion in 25% of the surveys, and accounted for about

18% of the cumulative length of stream  bank erosion measured. The effects of faling and yarding were
not large when considering al survey results, accounting for 9% of the total erosion measured.

However, these activities did have a substantiad local impact on the two study reaches where they were
implicated, accounting for about 10 and 19 meters of Stream bank eroson a  these reaches. Channel
destabilization caused by road congtruction was implicated a only one study reach, but the erosion

caused at this reach comprised about 6% of the total erosion measured at al 16 study reaches. The

causes that could not be identified were inconsequential, making up less than 1% of dl bank erosion.

Windthrow Occurrence and Significance

The significance of windthrow has been discussed as a source of erosion a harvest sites and as a source

of stream bank erosion. In spite of ardatively high frequency of windthrow erosion festures at some
Stes, sediment routing surveys found that windthrow is arelatively minor contributor to the totd extent
of chronic sediment ddivery from eroson a harvest stes. Thisisattributed.to the rdaivdy smdl sze
of exposed soil areas associated with exposed rootwads, and the fact that many windthrow features form
their own sediment trap. The above evauation of causes of stream bank erosion found that windthrow
accounted for about 18% of al bank erosion measured a the study reaches, but it accounted for about
43% of the bank erosion within clearcut RMZs. One factor to consder in determining whether this
windthrow has a detrimentd or beneficid effect on aguatic habitat is whether the windthrow is resulting
in recruitment of large woody debris to streams. Photo-point surveys conducted on Sream reaches

facilitate an assessment of the number of trees that fall down across or into the stream channel over time.
This should not be confused with atota count of the number of windthrown trees within RMZs, because
it is limited to those windthrown trees that actudly cross the stream channel and come into the field of
view of the photograph over the course of the study.  Our photo-point surveys document the change that
occurred between the pre-harvest period and the first one to two years after harvest. It is possible that
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some of the trees we count here as windthrow were actualy inadvertently knocked down during harvest
operations, rather than thrown by winds.

We evaluated the results of suitable photo-point surveys at 26 treatment reaches covering the practices of
clearcut with RMZ or RLTA, partia cut with RMZ or RLTA, and partial cut with no buffer, and
compared these with photo-point survey results from 19 control reaches and other reaches where
streamside forests were not harvested. The results of this assessment are summarized in Table 7. The
rate of windthrow is presented in terms of the number of new windthrown trees per 100 meters of stream
occurring over the first one to two years following timber harvest. The rate of windthrow at ¢learcut
sites with buffers ranged from 0 to 50.8 windthrown trees per 100 meters, with an average of 9.7 trees

per 100 meters. At partial cut sites where buffers were left, the frequency of windthrow ranged from 0 to
5.2 trees per 100 meters, with an average of 0.7 trees per 100 meters. At five partial cut sites with no
buffers, but with standing trees in streamside areas, windthrow ranged from 0 to 2.9 trees per 100 meters,
averaging 1.4 trees per 100 meters. The rate of windthrow at control sites was similar to partial cut sites
with buffers, with a range of 0 to 3.6 trees per 100 meters and an average of 0.7 trees per 100 meters.
There is no apparent difference between control sites in eastern and western Washington.

Clearly, the practice of clearcut harvest with buffers is resulting in increased rates of windthrow during
the first two years following harvest, and many of these trees are falling over and into stream channels
where they may potentially interact with aquatic habitat. Such large wood in streams has been shown to
have numerous beneficia functions, including providing cover for fish and other aquatic life, forming
pools and important micro-habitat features, maintaining cool stream temperatures, and storing sediment
and nutrients. We observed cases where post-harvest windthrow had resulted in the formation of new
pool habitat during the first year after falling at at least two of our study sites. Even at the Eleven-32 site
which had the most severe windthrow, the channel condition surveys documented relatively minor
changes in sediment deposition and the physica integrity of stream channels (an 11% decrease in the
channel condition score as compared to a 4% decrease at the paired control site during the same period).

Given the lack of functioning large woody debris in many streams flowing through second growth forest
lands, and the relatively minor contribution windthrow makes as a chronic source of sediment, it is
reasonable to conclude that, from the standpoint of sediment-related water quality impacts, the potentia
beneficial consequences of windthrow outweigh the detrimental effects it may pose as a source of
sediment to streams. The primary concern regarding harvest-related windthrow would be if it had
adverse affects on the long-term viability of stream buffers, which have multiple functions, and/or the
future in-stream woody debris regime. It is beyond the scope of this study to evaluate the long-term
conseguences of post-harvest windthrow. However, our observations indicate that the majority of
windthrow occurred during the first winter following harvest at most sites.

In-Channd Sediment Storage

We conducted streambed stability surveys at five stream reaches to evaluate in-channel sediment storage
in terms of the frequency, storage volume, and stability of discrete sediment wedges. As referred to here,
sediment wedges are alluvial streambed features where sediment is stored upstream of woody debris
dams and/or boulder or large cobble clusters, often resulting in a wedge-shaped accumulation of
sediment. The streambed stability survey technique is intended to evaluate changes in the in-channel
sediment storage regime within a reach over time, and to make comparisons between treatment reaches
and local control reaches. The five study reaches included one control and one partia cut RLTA
treatment reach at the Muddy West site in the Northern Rockies physiographic region, and three reaches
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Table7: Extent of Windthrown Trees Observed Across Stream Channels
at Harvest and Control Sites.

Average
Number of New Windthrow
Windthrown Trees Frequency for
Harvest Practice Across the Channel category
Study Site (and Survey Reach) Evaluated (# Trees/100m) (# Trees/100m)
reatment Reaches:
Upper Shop (PS-01) Clearcut-RLTA 8.0
Upper Shop (PS-02) Clearcut-RELTA 10.7
Walker Pass (PS-01) Clearcut-RLTA 2.4
Walker Pass (PS-02) Clearcut-RLTA 0.0
Sears Creek (PS-01) Clearcut-RMZ 0.0
Neiman Creek {(P5-02) Clearcut-RMZ 0.0
Night Dancer (PS-01) Clearcit-RMZ 36
Gunderson 2 (PS-02) Clearcut-RMZ 7.7
Gunderson 2 (PS-01) Clearcut-RMZ 10.6
Kapowsin (PS-01) Clearcut-RMZ 12.6
Simmons (PS-01) Clearcut-RMZ 254
Eleven-32 (PS-01) Clearcut-RMZ 50.8
Whate (PS-01) Clearcut-RMZ 2.3
Pot Pourri {FS-02) Clearcut-RMZ 21
Muddy West (P5-02) Partial Cut-RLTA 5.2
Muddy West (P5-01) Partial Cut-RMZ 0.0
Muddy West (PS-03) Partial Cut-RMZ 0.0
Muddy East (PS-01) Partia! Cut-RMZ 0.0
Buck West (P8-01) Partial Cut-RMZ 0.0
Sherry (PS-07) Partial Cut-RMZ 0.0
Amazon (PS-02) Partial Cut-RMZ 0.0
Fishlake Mine (FS-01) Partial Cut-No Buffer 0.0
Fishlake Mine (PS-02) Partial Cut-No Buffer 0.0
Sherry (P5-04) Partial Cut-No Buffer 1.8
Sherry {(PS-03) Partial Cut-No Buffer 23
Sherry (P5-02) Partial Cut-No Buffer 29
ontrol Reaches™:
Walker Pass (PS-03) nfa 0.0
Sears Cregk (PS-02) nfa 0.0
Neiman Creak (PS-01) nla 0o
Fot Fourn {PS-01) na 0.0
Night Dancer (PS-02) nfa 1.7
Vail Control {P5-03) n/a 0.0
Vail Control (PS-04) n/a 0.0
Elbe Control (PS-03) n/a 15
Elbe Control (PS-04) n/a 0.0
Muddy Control {PS-04) n/a 0.0
Muddy Control (PS-05) n/a 2.0
Buck West (PS-02) 1
Shemry (PS-07) n/a 3B
Shemny (PS-05) n/a 0.0
Amazon (PS-01} n/a 0.0
Plesha Road (PS-01) n/a 2.4
Plesha Road (PS-02) n/a 0.0
Jupiter Road (P3-01) n/a 1.0
Jupiter Road (PS-02) n/a 0.0

ncluded in the “Control” reaches are road study reaches where adjacent forest stands were not harvested.
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a a proposed clearcut harvest site in the Southern Cascades, referred to as the Big Wedge site (notable
for its numerous large sediment wedges).

At the Muddy West site, 13 individual sediment wedges were mapped and measured within the trestment
reach, ranging in size from 0.1 m® to 5.5 m*, and al wedges remained intact following the harvest, with
the total stored sediment volume increasing from 233 m*/100m of channel length to 3 1.0 m*/100m over
the pre- to post-harvest study period. The control reach, however, experienced greater change in terms of
streambed tability, with one of 15 sediment wedges becoming destabilized over the study period.
Individual sediment wedges in the control reach ranged in size from 0.1 m* to 1.8 m®. Overdl, the
volume of sediment stored in wedges increased from 198 m*/100m to 234 m*/100m within the control
reach over the study period.

At the Big Wedge site, three study reaches were initidly surveyed to evaluate a proposed  clearcut
harvest ste. The harvest did not proceed as planned, however, after a debris flow ran through the study
stream and the proposed harvest site during a rain-on-snow event in December 1994. The debris flow,
which traveled through four road crossings, was triggered by a hilldope failure within aclearcut in a
amdl firgt order stream valley in the upper basin. The initiaing landdide was downdope of ardlief
culvert discharge, which may have been a contributing factor. After the debris flow and the
postponement of harvest plans for our study Ste, we conducted follow-up surveys on one of our Study
reaches to document changes in the in-channel sediment storage as a result of the debris flow. The
upper reaches of the affected stream were scoured to bedrock, but just upstream of our study reach,
where channd gradient and confinement lessened, some deposition of colluvid and dluvid materids
had begun. The main runout for the debris flow occurred downstream of the surveyed reach. The zone
of disturbance within our study reach encompassed four to Six times the previous active channel width.

Prior to the debris flow we measured 19 individual sediment wedges ranging in size from 0.1 m® to 264
m®, with an average storage volume of 35 m’ per wedge and a total storage volume of 69.2 m*/100m.
Seven months following the debris flow, none of the pre-existing wedges remained, but we measured 24
new individud wedges ranging in size from 0.05 m’ to 39 m’, having an average storage volume of 0.4
m® per wedge. The totd volume of sediment storage within the newly formed aluvid features was 9.5
m*/100m. Whereas before the debris flow, al of the sediment wedges were formed in association with
large woody debris pieces (both naturally occurring and cull logs) that appeared to have been anchored in
place for decades, the numerous smal sediment wedge features that were observed  after the event were
exclusively associated with recently formed cobble clusters, a few with smal boulders, that probably
lacked stability to pergst through normal high winter flows. Our observations &t the Big Wedge Ste
provide avivid illustration of the impacts of debris flows on aquatic habitat and sediment storage within
stream channds, which even apparently stable riparian and channd conditions cannot mitigate. While
debris flows can be naturdly occurring and serve beneficid functions, such as the routing of gravel and
woody debris to spawning reaches, it is important to prevent management-induced events and debris

flow frequencies that exceed natural geomorphic rates.

Biological Assessments

We made limited use of biological assessments to evaluate harvest practices at some of the case studies.
This included macroinvertebrate assessments of three streams, and amphibian assessments which were
conducted a some of our Study Stes as a part of studies assessing the status of wildlife on managed
forest lands, Results of the biologica assessments are discussed below.
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M acroinvertebrates

Aquatic macroinvertebrates were sampled for three years within two treatment streams and one control
stream as part of the weight-of-evidence for evaluating timber harvest practices a the Simmons Creek
sudy ste. The smal sample size limits the gpplicability of these results to a Ste-gpecific assessment.
The primary treatment-control comparison was applied to a type 3 stream that was buffered with an
RMZ within aclearcut harvest, with secondary sampling of an unbuffered type 4 tributary within the
clearcut. Changesin various biometrics describing the macroinvertebrate community are used to
evauate the significance of any trestment effects. Pre-harvest sampling showed that the
macroinvertebrate assemblage was similar between Simmons Creek and the Elbe Control reach.
Following the harvest, the percentage of taxa representing the scraper feeding group declined initidly in
the trestment stream, but by the find year of sampling was not significantly lower than pretrestment.
The proportion of Ephemeroptera (mayflies) increased sgnificantly following the harvest and then
returned to pre-harvest levels, and the percentage of  Trichoptera (caddisflies) responded initialy by
declining and then returning to pre-harvest conditions. The only sgnificant change identified in the
control stream was an increase in the percentage of scrapers during the second and third year of
sampling.

The changes observed in the scraper community (a temporary decrease a Simmons Creek with an
increase a Elbe Control) suggest that there was not an increase in primary production within the
trestment reach, as might have been expected with increased light penetration to the stream following the
harvest. Although a reduction in canopy cover over the stream was documented by the habitat
assessment, it is possible that primary production in this stream may be nutrient limited, or that
particul ates covering streambed Surfaces may have suppressed periphyton growth. The increasein
certain mayfly species representing the collector-gatherer feeding group is indicative of an increasein
suspended organic particulates in the stream. The observed changes in the caddisfly assemblage indicate
limited periphyton availability and changes in suspended organic particulates, as well as the effects of
increased streambed mohility, which was noted in channel condition surveys conducted a this ste.
Overdl, the effects of the harvest on macroinvertebrates within the buffered Stream were detectable but
limited during the first two years, dthough it may take more time than this for dl effects to become
apparent.

Biologica sampling of the type 4 tributary reveded an assemblage of taxa that was limited in number

but functionally diverse, representing collector-gatherers, shredders, omnivores, and predators, including
long-lived stoneflies (Pteronarcys sp.) indicaive of stable, perennid habitats. Such macroinvertebrates
would be sengtive to changes in the flow regime of this smal soringfed stream, as well as changesin
alochthonous food sources (e.g., ledf litter inputs) and changes in the availability of certain subgtrates.
While subgtantial sedimentation was observed within this unbuffered tributary to Smmons Creek, this
did not result in noticeable changes in the macroinvertebrate cOmmunity during the firgt two sampling
seasons following the harvest. Therefore, the weight-of-evidence approach lead to a“partidly effective’
cdl for this BMP example, integrating the results from biologica and physica effects surveys, which are
both important aspects of weter quality. A more detailed discussion of the macroinvertebrate sampling
results is provided in the Smmons Creek case study in Appendix .

Amphibians

As a pat of our study design, we co-located several of our BMP effectiveness study sites where other
researchers were evauaing the effects of timber harvesting practices on stream-dependent amphibians
as a pat of a broader research program addressing wildlife-forestry interactions. Specificaly, we
coordinated study Site location with three individua projects: 1) a Universty of Washington study

Page 58




evauating the responses of headwater Stream amphibians to  clearcut harvests with variable-width buffer
grips (two of our study sites); 2) A University of Washington study conducted as part of the  westside
portion of the CMER wildlife-RMZ project, evauating the effects of clearcut harvestswith RMZs (five
of our sudy stes); and 3) An Eastern Washington University/Washington State University study
conducted as part of the eastside portion of the CMER wildlife-RMZ project, evauating the effects of
partid cut harvests with RMZs (seven of our Study Stes).

The study sites where the amphibian surveys were conducted are indicated in Table 4. However, these
surveys are noted as “indeterminate” in the harvest BMP effectiveness summary, because the amphibian
sampling was not designed to compare paired trestment and control reaches, and it was not appropriate

to make a ste-specific BMP effectiveness determination within our case study approach. Therefore, our
use of the amphibian assessments here is limited to consdering the pooled survey resultsin a manner
consstent with the designs of these studies. Genera observations and conclusions from the amphibian
assessments that are pertinent to sediment-related BMP effectiveness issues are discussed below. In the
case of the CMER wildlifeRMZ projects, the final results are to be included as part of the research
reports for these projects, but we discuss some preliminary observations below in the context of our
BMP effectiveness evauation. The subject of aguatically-dependent amphibians is an area where
wildlife and water quality issues overlep. Clearly, the water quaity standards require protection of
aguatic communities and their habitats, but for this BMP effectiveness eva uation the most important
information from biological assessments is whether any adverse changes are related to sediment delivery
or physica disturbance of streams as a result of forest practices.  Because of the complex interactions
that affect biologica integrity, a sediment-related cause may not always be pinpointed, but if aquatic
biologicd integrity isimpaired due to forest practices, it remains a BMP effectiveness issue.

In her assessment of the short-term response of headwater stream amphibians to  clearcut harvests with
variable-width buffers, Kelsey (1995) focused on two commonly occurring amphibians: the tailed frog
{(Ascaphus truei) and the Pacific giant sdlamander (Dicamptodon tenebrosus). Streams a two of our
study sites (Friday Creek 1l and Sundog) were treatment sites within Kelsey's study. She found that
talled frog tadpole densities were highest in streams with low sediment inputs and high volumes of
woody debris. In comparing the density of tailed frog larvee @ three harvest Sites to three control sites,
Kelsey found that densities were suppressed at the harvest sites relative to the control stes, and that the
differences were datidicdly sgnificant. She did not fmd significant differences in dengties of Peacific
giant sdlamander larvae, but did find sgnificantly lower biomass within harvested streams.  She dso
noted a higher frequency of physica injury of salamanders at harvested sites, especidly a a ste where

no buffer was left and a the Friday Creek Il site where the buffer was crossed by yarding routes. At one
treatment Site where two new road crossings were constructed, Kelsey noted decreases in the density and
biomass of both amphibian species for the year the road was constructed, with increases in density and
biomass the following year.

Based on her research findings and literature review, Kelsey concluded that tailed frogs were more

vulnerable to adverse habitat changes from  clearcut harvests than were Pecific giant salamanders.
Abundant large woody debris and stable bank conditions were noted as key habitat elements for tailed

frogs, with steep stream reaches nearest the stream source being most important for tailed frog adults.

She recommended leaving structures to reduce sediment inputs and provide long-term sources of woody
debris to mitigate the impacts of logging on stream amphibians, and suggested using dternative buffer
configurations to reduce windthrow problems associated with narrow linear buffer strips while providing
more flexihility for logging.

Until final analyses of the amphibian survey results from the CMER wildlifeeRMZ study are completed
and published by the researchers from the University of Washington, Eastern Washington University,
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and Washington State University, only preliminary, general observations can be made.  Six of our
harvest study stes and two of our off-ste control streams were co-located with study sites chosen for the
westside portion of the wildlifeRMZ study. Neither tailed frog tadpoles or Pacific giant sdamander
larvae were found a one of the harvest Sites  during ether pre- or post-treatment sampling (the Pot  Pourri
gtein the Witlapa Hillsphysiographic region). Two other harvest Stes (Kgpowsin and Eleven 32 in the
Southern Cascades region), had no observations of taled frog tadpoles during any survey year, and & a
few other Stes dengties were very low. With such low numbers; it will be difficult to draw any strong
conclusions based on datisticd comparisons of treatment versus control Sites. One conclusion that can
be drawn, however, is that neither species of stream amphibian was found to disappear from any Stream
within the first two years following clearcut harvest with an RMZ, where it had been observed prior to
harvest.

Seven of our study stes for evaluating partid cut harvests with  RMZs and one off-gte control stream in
the Northern Rockies physiographic region were co-located with the eastside portion of the CMER
wildlifeRMZ sudy. Of the amphibians surveyed within the riparian areas for this study, only the

spotted frog (Rana pretiosa) is considered to be stream dependent.  While the spotted frog is a  pond-
breeder, adults utilize stream habitat. However, of the eight sudy streams where amphibian sampling
was conducted, the spotted frog was observed in only three (at Amazon, Muddy East, and Sherry). Only

a the Amazon gte was it observed consistently. In addition, we observed adult spotted frogs in our

study reaches on a Sherry Creek tributary, both before and after partid cut harvest. With so few
observations, it is unlikely that any conclusions can be drawn regarding the effects of partid cut harvests
with RMZs on stream amphibian communities in the Northern Rockies region.

Although the final results from the CMER wildlifeRMZ sudies were not complete in time to be
included in this discussion, the preliminary observations are in general agreement with our overdl
findings that mogt of the RMZs were effective at preventing direct sediment-related water qudity
impacts during the first two years or so following the harvests. As previoudy discussed, Kelsey (1995)
dd find that clearcut harvests adong headwater streams with variable-width buffers had adverse effects
on stream amphibians. One of the study sites we had in common with her was one of only two buffers
where we documented chronic sediment delivery from harvest practices, and this was associated with
cable yarding across the stream. It is unclear whether the effects reported by Kelsey were caused by
direct sediment-related impacts or other factors associated with timber harvesting.

New Road Construction Practices

The categories of new road condruction practices evaluated in this study are: water crossing structures,
road design, and road construction.  These broad categories are hased on the organization of the Forest
Practice Rules pertaining to road construction, and include numerous specific practices and performance
standards (see Appendix A). Other Forest Practices Rules categories not specificaly targeted in this

study aso influence BMP effectiveness, including road location practices and maintenance practices for
active roads. A summary of the BMP effectiveness survey results for road construction practices,

showing the weight-of-evidence scheme leading to an overall effectiveness cal for 44  examples of these
road congtruction BMP categories, is presented in Table 8. Detailed survey summaries and the basis of
the effectiveness ratings for each Ste are given in Appendix J.

Water Crossing Structures

BMPs for water crossing structures evauated in this study primarily cover practices for placement of
culverts where roads cross streams. We evaluated eleven examples of new road construction in six
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Table 8: Road Constructlon BMP Effectiveness Summary

Specific .| Cutbank/ [ E il Channel {:F | Streambank|  Overall
Site 1D# BMP | Filisiope | Pin . {Condition{::Pgint | Erosion |Effectiveness

& Name Evaluated 1 Survey [N Survey jNe Survey Call
0-03 Water Crossing Structures i N N
Jupiter Road Road Design: Relief Culverts E
Road Construction: Cutslopes N N N

Fillslopes N N N

0-05 Water Crossing Structures N
Gunderson Creek Road Design: Relief Culverts p
Road Construction: Cutslopes N N
Filislopes : E E
W-02 Water Crossing Structures (Temp.) E E
INeiman Creek Road Design: Relief Culverts N
Road Construction: Cutslnpes N N
Fillslopes E E
W-03 Water Crossing Structures N N
Train Whistle Road Design: Relief Culverts E

Road Construction:  Cutslopes E E .
Fillslopes E E
W-05: Bus Stop Road Design: Relief Culverts E
5-02 Woater Crossing Structures P
8 Road Unit 2 Road Design: Relief Culverts E
Reoad Construction: Cutslopes N N
Fillslopes E E

S-03 Woater Crossing Structures P
Ohop Blowdown Road Design: = Relief Culverts E
Road Construction: Cutsiopes P P

Fillslopes E E
N-01 Water Crossing Structures E
Upper Shop Road Design: Relief Culverts P
Road Construction; Cutslopes N N
Fillslopes E E

E-01 Water Crossing Structures (Temp.)}- N | N
Fish Lake Mine  Road Construction: Cutslopes E | E
Fillslopes E | E

E-02 Water Crossmg Structures E E P
Plesha Road Road Design: Relief Culvertss E
Road Construction: Cutslopes P E E P
Fillslopes E E E E

R-02 Water Crossing Structures N N N
Muddy West Road Design: Relief Culverts P
Road Construction: Cutslopes P 1 P
Fillslopes P | P

R-07 Water Crossing Structures E E P
Sherry Creek Road Design: Relief Culverts P
Road Construction: Cutslopes P E E P
Fillslopes i E 5 E : E E

1 Effectiveness results codes: *g" = Effective; "p* = Partially Effective; "N" = Not Effective; "|" = Indeterminate.

physiographic regions where a total of 43 water crossings were constructed. This included nine roads
that ingtalled permanent culverts at stream crossings, which involved the placement of gavanized stedl
pipes and compacted soil fill materia. One new road evaluated used a temporary bridge to cross a type 3
stream, and another road congtruction example involved the use of temporary culvert placements to cross

a type 4/5 stream. In the case of the temporary culvert crossings, a

steel pipe was placed and secured by

logs. A layer of geofabric was placed over thelog fill to facilitate recovery of the soil fill meterid thet
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was laid down to bring the culvert fill up to road grade.  The temporary fill, logs, and pipe were removed
prior to our follow-up surveys.

As summarized in Table 8, the BMP examples for water crossing structures a eleven new roads were
rated ineffective a 46% of the new roads, with 36% rated partialy effective and 18% rated effective.
These ratings reflect the overall effectiveness of the practice at each new road example, based on the
weight-of-evidence from surveys conducted at that site which pertan to water crossings.  Mogt of the
examples of new road congruction included more than one individud stream crossing, and the
effectiveness rating for individual culverts Sometimes varied dong the same stretch of newly constructed
road (see culvert condition survey summariesin Appendices F and J). Evauation of chronic sediment
delivery from water crossng structures was made using the culvert condition survey a nine roads where
permanent culverts were installed. Assessment of the temporary bridge crossing was included in the
cutbank/fillslope survey a the Neiman Creek ste, and the temporary culvert crossings a the Fish Lake
Mine site were assessed using the cutbank/fillslope survey protocol supplemented with erosion
measurements made during sediment routing surveys at that Ste. The field protocols for each of these
surveys are described in Appendix .

Of the 42 individud stream crossing culverts (including two temporary crossings) evaluated a 10 new

roads, 3 1 culvert instdlations a nine roads (74% of al stream crossing culverts) were found to be

sources of chronic sediment ddlivery to streams, and were rated ineffective. Eleven culverted stream
crossings a four of the new roads were not chronic sources of sediment to streams and were rated

effective. One example of a temporary bridge crossing at another road was not a source of chronic
sediment ddlivery and was rated effective. Appendix F summarizes the results on 40 individud
permanent stream crossing culvert ingtdlations evauated using the culvert condition fidd survey. These
culvert installations were each surveyed soon after road congtruction, and again at least one time

following the first available growing season or during the second year after road congtruction to evaluate
chronic sediment delivery to streams from erosion of the culvert fill.  Some roads were also surveyed a
third time. Although surface erosion and gullying was substantial at some sites, we did not observe
catagtrophic fallure of entire culvert tills during the first one to three years following road construction a
the 40 permanent stream crossing culvert Stes evaluated.

Appendix F includes information on important environmenta characterigtics of the dte, including the
bedrock lithology and the precipitation regime at the sites. The average annud precipitation and lo-year,
24-hour storm intensity for each Ste were derived by plotting study ste locations on Geographical
Information System climate data layers. Figure 17 shows the study Site locations on an annud
precipitation map, and Figure18 shows the Sudy Ste locations on a storm intengity map. The

preci pitation regime was used to categorize each study Ste into two climate regimes. The “high
precipitation” regime includes sites where average annual precipitation is greater than 50 inches per year
and the O-year, 24-hour storm intensity is greater than 35 inches. This classfication tends to separate
the eastern Washington Sites where  snowmelt generdly dominates the hydrology from the western
Washington sites with rain-dominated hydrology. Study sites were grouped according to bedrock
lithology and precipitation regimes to evauate differences in culvert fill eroson and BMP effectiveness
associated  with these environmental  factors.

Figure 19 shows the comparisons of erosion severity on culvert fills for the two climate regimes and the
four lithology types, as well as satewide results(i.e., dl steslumped together). The top haf of Figure
19 shows erosion severity on the inflow side of the road, and the bottom shows the outflow side. The
erosion severity calls are based on culvert condition surveys conducted during the second year of road
life, or following & least one growing season for the establishment of ground cover. As defined in the
culvert condition survey protocol, “severe” eroson means that greater than 50% of the fill over the
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Figure 19b: Erosion Severity at Outflow Side of Fill
Statewide Climate Regimes Lithology Types
100%
90%
80%
70%
60% -severs
" Moderate
0% Slight
40% None
30%
20%
10%
0%
B o g+ P 2
] 3] =
= By
sl : £
< 5 § s 5
T 3 2
n=40 n=28 n=12 n=12 n=5 n=14 n=

L.

Figure 19: Severity of Erosion on Culvert Fills at: a) Inflow Side and b) Outflow Side of Road,
Showing Statewide Results and Results for Different Climate and Lithology Categories.
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stream is not armored or vegetated and is actively eroding, and includes sloughing of till material and the
development of gully erosion at many of the sites. “Moderate” erosion means 25-50% of the till area is
actively eroding, which may include sills and/or small gullies, and “slight” erosion means less than 25%
of the fill has exposed soil which is continuing to erode. Erosion and chronic sediment delivery was
more severe at sites in the low precipitation regime, and this may be due to the greater difficulty of
establishing ground cover because of droughty conditions, In comparing lithology types, fill erosion was
most severe at granitic sites (all of which are aso in the low precipitation regime), followed by
sedimentary sites. Much less chronic erosion was evident at culverts in the metamorphic category (five
culverts at one study site), and intermediate levels were observed at the volcanic sites. It should be noted
that the overriding factor preventing and minimizing erosion of culverts at our study site in metamorphic
lithology was armoring of the culvert tills with large rock.

The height of culvert fills has direct influences on the magnitude of erosion and sediment delivery
because of the greater surface area on fills contributing to sheetwash or rill erosion, and a greater
tendency for gully formation and mass erosion processes (i.e., sloughing) due to the longer slope lengths.
Culvert fill heights at stream crossings are determined by how road location practices and road design
conventions, which often attempt to maintain a more or less constant road grade, interact with local site
topography. Figure 20 shows a comparison of erosion severity during the second year following road
construction between three categories of culvert till heights: fills three meters or less, three to six meters,
and greater than six meters in height. In this anaysis, culvert till height refers to the slope distance of
the till as determined at the outfall side of the culvert. For observations made at the inflow side of the
fill, the till height appears to have a strong influence on erosion severity, with 88% of culvert tills over
six meters in-height having moderate or severe erosion, compared to 39% of the short culvert tills having
moderate to severe erosion. At the outflow side, the trend of increasing erosion severity with increasing
fill height is not consistent. Fills with medium heights had higher levels of erosion on the outfal side,
with 67% of culverts having moderate to severe erosion in the second year, while high fills had a lower
proportion of culverts with severe erosion.

The bars in Figure 20 compare the relative degree or severity of erosion between the fill height
categories, but this should not be confused with a comparison of the magnitude of erosion. |n other
words, slight or moderate erosion severity on a short (< 3 meter) till entails a much lower magnitude or
volume of sediment delivery than the corresponding level of erosion severity on a high (> 6 meter) till.
In fact, the volume of sediment produced from slight erosion on a medium or high fill may exceed the
volume generated from severe erosion on a short fill. Our decision criteria for BMP effectiveness at
stream crossing culverts, as defined in the culvert condition survey protocol, recognize the influence of
till height on the potential for and magnitude of chronic sediment delivery. For short tills, the culvert
was rated effective if the erosion severity is reduced to dlight levels by the second year following road
construction. For tills greater than 3 meters in height, documentation of slight, moderate or severe
chronic erosion with sediment delivery resulted in an ineffective rating, except in cases where the till
was sufficiently armored such that the potential for continuing sediment delivery was judged to be
negligible.

The volume of erosion was determined in the field for selected culvert tills (see Appendix F). We
measured erosion volumes ranging from 0.1 m’ to 25.1 m®on individual culvert tills. These volume
estimates are limited to the sediment generated from erosion of the fill in the immediate vicinity of the
culvert. They do not include sediment produced within the contributing drainage segment from erosion
of cutslopes, ditches, and the road surface, which is also delivered to streams at the crossing. Also, these
volumes are based on residua evidence, some of which is transient (e.g., soil pedestals), and may only
reflect a single season of erosion, therefore these volume estimates should be considered to represent
minimum erosion amounts associated with these individual culverts. The entire volume of sediment
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Figure 20: Comparison of Erosion Severity in Relation to Height of Culvert Fills at:
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eroded from culvert fills constructed over and across stream channels is assumed to be delivered directly
to the stream (i.e., a localized sediment delivery ratio of 100%).

Based on these volume estimates, and measurements made of in-stream sediment deposition from relief
culvert drainage (noted in Appendices F and G), we found substantially higher sediment delivery rates

than reported by Megahan e @l (1986) in ther study of construction phase sediment production for

forest roads in granitic areas of ldaho. For example, we determined that at least 384 m® of sediment was
delivered directly to streams from erosion of 13 culvert fills representing a total of less than 0.5

kilometer of road a four study stes. We found another 1439 m® of in-stream sediment deposition from
relief culvert drainage and direct ditch entry associated with approximately one kilometer of contributing
road segments at two study Stes (four separate road drainage segments).  The in-stream deposition aone
represents an average sediment yield of about 114 m*/hectare of road prism over the firg 11 to 20

months following congtruction a the two roads. By contrast, Megahan e 4l (1986) reported 24 m’ of in-
channdl sediment deposition (considering perennia channdls only), and another 21 m* of sediment yield
exported from smd| drainage basins, plus an additiona 259 m? of hilldope sediment storage from
congruction phase erosion of 6.6 kilometers of road.  The congtruction phase covered a four to five

month period (an additiond 27 m® of in-channd storage and about 10 m® of sediment yield was attributed
to the initid post-congtruction period).

While Megahan et «f. (1986) did not report the construction phase sediment yields from specific road
drainage segments that delivered to streams, we assume that they were somewha higher than the average
sediment yields for the three roads (which likely under-represent the localized yields from specific
drainage segments), and the total erosion rates for the roads. The three roads included one that was
treated with maximum erosion control, one with routine practices, and one with intermediate levels of
erosion control. The construction phase sediment yield for the roads (based on in-channel sediment
storage plus sediment exported from the gauged basins) ranged from 05 to 145  m*hectare, and totd
erosion rates ranged from 24 to 63 m’/hectare. Our average sediment yield, which is based on locaized
channel storage without accounting for downstream transport of sediment, is 2 to 5 times the tota

erosion rates reported for the Idaho stes, and roughly one to  two orders of magnitude greater than the
average sediment yields reported for those roads. The maority of this difference in sediment yieldsis
attributable to aroad built on sedimentary parent materid in the Willapa Hills region. Congdering only
the Muddy West road in the granitic lithology of the Northern Rockies region, we found an average
sediment yield of 36.2 m’/hectare (based on three drainage segments of the road monitored for 11
months), which is Smilar to the totd erosion rates found for granitic materidsin the Idaho sudy.  The
longer monitoring period in our study may account for our findings of higher sediment yieldsin
comparison to the congtruction phase study. Another important difference is that the Megahan et af.
(1986) study did not measure sediment delivery and storage within non-perennia Streams.

On amore site-specific level, our results indicate a wide range of sediment delivery from individud
stream crossing culverts, but for a given road, the sediment yield will be highest at this point of the road
dignment. For the 13 culvert tills noted above, we estimate an average sediment yield of 131 m*/hectare.
Thisis based on an average stream crossing fill plan-view area of 225 m? in the immediate vicinity of the
stream crossing. Even assuming alocaized sediment delivery ratio of 100%, we consider thisto be z
conservative estimate because the erosion volumes are based only on residua evidence of surface erosion
depth and gully dimensions. As shown in the statewide bar on Figure 19, over haf of al culvert fills hed
moderate to Severe erosion in the second year after road construction, indicating widespread chronic
sediment ddlivery from this practice. Gully development on culvert fills is particularly problematic in
terms of chronic sediment delivery, especidly on large till sections, because gully erosion is not easily
controlled once initiated. Although ste-specific volumes of sediment may be smal in some cases, it is
important to bear in mind that numerous stream crossing culverts are typicaly placed in roaded
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watersheds, and it is necessary to minimize sediment delivery from each crossing in order to avoid
cumulative watershed  effects.

Another type of cumulative effect that is not explicitly consdered in this evaluation isthe loss of aguetic
habitat caused by the placement of the steel pipe and till. This represents anywhere from 10 to over 30
meters of stream habitat (depending on the Size of the culvert till section) thet is permanently lost each
time aculvert is placed, which may trandate into kilometers of cumulative habitat lossin a heavily
roaded basin. While there are pecific BMPs designed to maintain habitat functions and facilitate
passage & stream crossings for streams used by anadromous fish, most of these practices are not broadly
required, which diminishes their ability to prevent habitat 1oss in non-anadromous sireams. Current rules
dso state that “when fish life is present”, culvert inflows and outflows are to be congtructed a or below
the naturad stream bed. However, this requirement may not be adequate to maintain fish passage over the
long term, especidly in steeper streams, because subsequent downcutting may occur, leading to a

hanging culvert. Also, in higher gradient stream channels, setting culvert inflows and outflows a grade
doesn't ensure passage for fish and other aquatic life.

Asde from the issue of direct habitat loss due to culvert and till placement, one of the main
considerations for stream crossing culverts is ensuring that they do not become migration barriers for fish
and other aguatic life. There is no ecologicd basis for assuming that the migratory requirements of
resident fish are less critical. than those of anadromous fish (or that migration and passage of non-game

fish is less important than game fish migration). In fact, in some ways the migration requirements of
resident trout are more regtrictive because of their lesser svimming abilities. For example, Fumiss er af.
(1991) suggests that for adult trout, asingle vertical jump (such as at culvert outfals) should be no
higher than 0.3 meters, while adult salmon and steelhead can negotiate single jumps of 0.6-0.9 meters.
Other key congderations include the water depth and velocity within the culvert. Culvertsthat are
hanging above the streambed elevation more than the vertical distances mentioned above may represent
outfd| barriers to fish movement.

Our observations suggest that hanging culverts which are potentiad migration barriers are a widespread
problem. As noted in Appendix F, we found that 65% of the 40 stream crossing culverts evaluated were
hanging above the streambed & the culvert outfal. Of these 26 culverts, the devation drop between the
culvert outfall and the streambed ranged from 0.2 to 2.3 meters, with an average drop of 0.6 meters.

More than 50% of al culverts evaluated were hanging at least 0.4 meters.  While most of these culverts
were ingalled in streams classified as type 4 or 5, which were not considered to be used by significant
numbers of resident or anadromous game fish at the time of road construction, severa of the type 4s are
perennia streams with channd gradients less than 20%, and may have fish use.

Furthermore, game fish may not be the only aquatic organisms affected by outfdl barriers. For those
aquatic species or life stages that migrate up Stream corridors, or depend on symbiotic relationships with
migrating fish, hanging culverts may represent migration barriers. Non-game fish, amphibian larvae, as
well as various types of macroinvertebrates, including bivalves, gastropods, crustaceans, and certain

insect species could be vulnerable to genetic isolation or habitat loss due to impassable culverts, and our
observations indicate that these effects could be widespread. While not dtrictly a sediment issue, the
problem of impassable culverts isawater quality concern related to the physica and biologica integrity
of streams, which may have profound implications for the effectiveness of road construction BMPs.
Fumiss et a. (1991) summarizes stream crossing design considerations related to the  issue of migration
barriers for fish, and suggests various practices to mitigate adverse effects.
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Controlling Erosion at Stream Crossings

In terms of chronic sediment delivery the primary factors influencing the effectiveness of BMPs for
stream crossings appear to be: the degree of rock armoring (riprap) provided to culvert fills; steps taken
to control construction phase erosion and promote the establishment of vegetative cover; the height of
culvert fill sections as affected by road location and design relative to loca site topography; and
environmental factors related to bedrock lithology and the climate/precipitation regime at the site, which
control erodibility of the fill material and affect revegetation rates. In addition to continuing sheetwash
erosion on some large fills, the development of gullies and sloughing of blocks of fill materiad on some
culvert fills was a major factor associated with chronic sediment delivery to streams. Extensive
armoring of fills with crushed and/or large rock riprap was the most effective practice we observed for
preventing chronic erosion and sediment delivery to streams.

The current BMP referring to armoring is somewhat ambiguous, however, stating that the “entrance of
al culverts should have adequate catch basins and headwalls to minimize the possibility of erosion or fill
failure”, presumably intended to guard against erosion by streamflows interacting with fill material at the
culvert inflow. While this is important, armoring is also needed to guard against surface erosion,
gullying, and sloughing of the fill due to non-fluvial erosion processes. The practice cited above is also
confusing as to its application, since the use of catch basins with headwalls is typically applied to the
entrance of relief culverts along ditches of insloped roads, yet this BMP is contained within the section of
the forest practice rules dealing with water crossing structures. It is unclear whether the actual intent is
to construct and maintain catch basins at culvert entrances within natural stream channels, which may be
inadvisable as well as infeasible in perennial streams.

Other than the requirement noted above to minimize fluvial erosion at culvert inflows, current provisions
for construction phase erosion control at stream crossings are limited to a soil stabilization performance
standard that applies only to type |-4 waters. This performance standard requires grass seeding or other
unspecified erosion control measures on exposed soil when it “appears to be unstable or erodible and is
so located that dlides, slips, Slumps, or sediment may reasonably be expected to enter Type 1, 2, 3, or 4
Water and thereby cause damage to a public resource”. This BMP relies on a common understanding of
unstable or erodible soil, as well as identification of sediment delivery potentia, in order to be effective.
While it is reasonable to assume that exposed soils in the immediate vicinity of stream crossings (e.g.,
culvert fills) may be expected to enter streams, it is unclear whether this performance standard also
requires an assessment of what level of sediment delivery would cause damage to a public resource.  As
pointed out by Pentec (1991), it also misinterprets the ability of grass seeding to control short-term
surface erosion as well as the mass wasting processes referred to in the BMP. Grass seeding
unaccompanied by mulching techniques is considered to have relatively low effectiveness for reducing
first-year erosion rates on fillslopes (Burroughs and King, 1989). Our observations indicate that, as
typically implemented, this performance standard for soil stabilization is not effective at preventing
chronic sediment delivery at stream crossings. We attribute this lack of effectiveness to three things: 1)
ambiguity as to whether erosion control is required and the resulting inconsistent application; 2) the lack
of specified erosion control practices that are known to be effective; and 3) the omission of type 5
streams from the practice.

At afew sites we observed the use of grass seeding combined with hydromulching, which was generally
effective at preventing chronic sediment delivery when combined with riprap, except where gullies
developed. We did not observe dry grass seeding to be effective for construction phase erosion control.
Megahan et a. (1992) found hydromulch combined with seed and fertilizer to be the most cost-effective
treatment for controlling fillsSlope erosion, while hydromulching alone did not produce a significant
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reduction in erosion. While not observed at our study sites, mulching (e.g., Straw mulch) combined with
netting or tackifier to hold it in place has been shown to be highly effective a reducing fillslope erosion
(Megahan et d., 1992, Burroughs and King, 1989). Another important factor influencing BMP
effectivenessisthe timing of eroson control trestments in relaion to runoff events. In their evauation
of congtruction phase sediment budgets for forest roads, Megahan et a. (1986) concluded that the stage

of congruction a the time of mgor storms was a critical factor governing the amount of erosion that
takes place. Our observations support that conclusion, especidly asit pertainsto culvert fillsand to
gully initiation, a process to which newly congtructed culvert fills ssem particularly susceptible.

However, where effective practices were employed to armor culvert fills (eg.,  riprap), the fills were not
nearly as susceptible to construction phase erosion. Because stream crossings are one of the primary
sources of forest management-related sediment delivered to streams, concentrating  BMPs for erosion
control at stream crossings is a cost-effective way to prevent sediment-related water quality impacts.

Road Drainage Design: Relief Culverts

The primary basis for evauating road design practices as they relate to management of road drainage is
through our assessment of relief culverts during culvert condition surveys. Road drainage design  BMPs,
as reflected in practices for relief culverts, were evaluated at 11 newly constructed roads. These

practices were found to be effective a 55% of the new roads, patiadly effective a@  36%, and ineffective
a . Aswith stream crossing culverts, the effectiveness cdls varied among individua relief culverts
on the same road a some of these sites (see culvert condition survey summaries in Appendix J). For

relief culverts, effectiveness testing is essentialy an assessment of whether the drainage from the relief
culvert reaches a natural watercourse. I this happens then the relief culvert will deliver sediment to a
stream, and this defeats one of the main purposes of providing drainage relief viardief culverts: to
relieve the drainage and its sediment load before it reaches a stream crossing and is delivered to the

stream  network.  The other main purpose of ingtaling relief culvertsis to reduce erosion of road ditches
and undercutting of cutdopes by reducing the erosive force of accumulated road drainage.  These effects
were evaluated using cutbank/fillslope surveys conducted a stream crossing drainage segments, the
results of which are discussed later in thisreport.

Downslope Sediment Transport

Our surveys of 49 individua relief culverts a these eleven new road Sites provides for a more detailed
assessment of how the drainage relief interacts with streams, as well as factors influencing drainage and
sediment  transport downdope of relief culverts. A summary of the survey datafor all 49 rdief culverts
is provided in Appendix G. Nine of the 49 individud relief culverts (18%) evauated a 5 of 11 new
roads were found to deliver sediment to surface waters, with sediment transport distances ranging from

11 to 100 meters. Sediment transport distances ranged from less than 0.5 meters to 160 meters

congdering al rdief culverts, including those thet did not deliver, over time periods ranging from nine to
thirty-three months. A default sediment transport distance of 0.5 meters was used where a distinct

sediment plume or channel was not traced downdope, to account for sediment found in the immediate
area of the culvert outfal. Sixty-seven percent of dl relief culverts had channd development or distinct
overland flow sediment plumes developed below their outfals.

Cumulative frequency distributions of sediment transport distances are presented in Figure 21 for al 49
culverts, and for the same culverts grouped according to bedrock lithology types. These digtributions are
useful for evauating Stuations where rdlief culvert discharges are likely to reach streams. For ingtance,
using the 90th percentile of the distribution for dl relief culverts, a spacing of 80 meters between rdlief
outfalls and streams would have a high probakility of preventing sediment ddlivery
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Cumulative Frequency Distribution of
Sediment Transport Distances for All Relief Culverts (n = 49)
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during the first two years following road construction. It is prudent to use a conservative point in the
“distribution, such as the 90th percentile, to account for longer sediment transport distances that may
result as roads age, and as may occur under different site conditions such as steeper hillslopes. Estimated
billdope gradients immediately below our relief culvert sites did not exceed 43%, and the vast majority
were below 30%. Also, since several of these sediment transport distances were truncated where
discharges were intercepted by stream channels, these distributions do not reflect the ultimate extent of
potential sediment transport distances below relief culverts.

When we stratify the 49 culverts into different lithology types, we see separations in the distributions.
The distribution of sediment transport distances below relief culverts at sedimentary sites is skewed to
the right of the other lithologies, with a 90th percentile value of 89 meters and an upper range of 160
meters. By contrast, 60% of the sites constructed on volcanic Ethology did not develop channels or
distinct plumes {i.e., sediment transport distance egual to 0.5 meters), and the 90th percentile for
volcanic sites is 20 meters, with an upper range of 50 meters. For granitic sites, the 90th percentile of the
distribution is 25 meters, but the upper range of the distribution is 80 meters. We surveyed only two
relief culverts from one road built on metamorphic parent materials, and they appear to tit more with the
distribution of sedimentary sites than the other lithologies.

Based on comparisons of these frequency distributions, sediment transport distance appears to be
strongly influenced by bedrock lithology. We aso grouped the sites into climate categories in order to
evauate the median and interquartile range of the sample for comparison purposes. Box plots of the data
on sediment transport distances below relief culverts for the four lithology types and the two

precipitation regimes are presented in Figure 22. The asymmetrical shapes of the boxes for most of these
categories indicate that sediment transport distances are much more highly variable in the upper half of
their distributions. Although the median value of sediment transport distances for relief culverts
discharging onto sedimentary lithology is above the interquartile ranges for both granitic and volcanic
lithologies, the notches overlap dlightly, indicating that the medians are not significantly different from
each other at the 95% confidence level. Likewise, the two precipitation regimes do not have
significantly different median sediment transport distances. However, it is worthy to note that the 75th
percentile value for the high precipitation sites is about twice that of the low precipitation sites,

indicating a tendency towards longer sediment transport distances in high precipitation regions, as would
be expected due to greater runoff volumes. Even though differences between median values were not
found to be statistically significant at the 95% level, lithology does appear to have a controlling effect on
sediment transport distances below relief culverts. Therefore, the use of different road setbacks and
other design criteria for different lithology types would appear to be justified.

Frequency of Delivery to Streams

The different lithology types also differ in terms of the frequency with which relief culverts were found
to deliver sediment and road drainage to streams. Thirty-three percent of the 18 relief culverts surveyed
in sedimentary lithology delivered to streams downslope of the roads, over the 20 to 33 month period of
monitoring at these sites. Sediment transport at the sedimentary sites involved a combination of
channelization and overland flow. We observed severe impacts to streams in some cases as a result of
relief culvert discharges. At the Neiman Creek site on sedimentary parent materials, two relief culverts
delivered sediment to the same stream (mapped as type 4), with one discharge traveling 85 meters across
a forested hilldope, and one traveling 24 meters before delivering initially to a type 5 tributary. The
road-derived sediment filled the bankfull width of the stream channel from the point where the second
culvert delivered to its mouth, and was even depositing on the floodplain in the lower portion. We
measured 120 m® of delivered road sediment in a relatively short stretch of this small,
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potentially fish-hearing stream, which trandates to a sediment yield of 195 m*/hectare of contributing
road segment over a 20 month period, considering localized in-stream deposits alone. This delivery may
have been preventable through a different road location. If sediment traps had been used, they would
need to have been sized to accommodate a substantial volume. The magnitude of sediment delivery
could have been reduced by applying measures to reduce erosion of the cutslopes and ditches within the

contributing road segment.

The frequency of delivery to streams at granitic sites was 22%, or two out of nine relief culverts
surveyed at two new roads, over the first 9 to 11 months following road construction. One of these
delivered a minimum of 3.4 m* of sediment from ditch erosion by overland flow, which trandates to a
first-year sediment yield of 23.9 m*/hectare from the contributing road segment. (This is a minimum
estimate because it does not account for the sediment delivered from cutsiope erosion within the drainage
segment, which was substantial but not measured.) Groundwater interception in the contributing road
segment contributed to discharges from the other relief culvert that delivered in the granitic, Northern
Rockies region. In addition to these culverts, several waterbars on one of the roads in this region also
delivered sediment to streams.

One of the two relief culverts surveyed at a road constructed on metamorphic parent materias in the
Northern Cascades region developed a channel 100 meters long, that delivered to a stream by the
fifteenth month of road life. A substantial amount of groundwater interception was documented within
the contributing road segment for this culvert.

By contrast, none of the 20 relief culverts at the volcanic sites in our sample had discharges that reached
streams over periods ranging from 15 to 22 months following road construction. The difference in the
frequency of sediment delivery at volcanic sites may be partly attributable to differences in drainage
density and road location practices at these sites. It appears that less road construction in the vicinity of
streams was a factor preventing delivery, since some of the relief discharges at volcanic sites traveled as
far as discharges which delivered at sedimentary and granitic sites. But there was a'so a much lower
frequency with which discharges at volcanic sites developed channels or transported sediment via
overland flow, as illustrated by the cumulative frequency distributions (Figure 21). This difference may
be due to soils that are inherently less erodible in the South Cascades volcanics.

Where relief culvert drainage does actualy deliver to natural stream channels, this represents an
expansion of the channel network in the affected watershed, changing runoff routing characteristics and
potentially increasing the magnitude of peak flow events. Since roads produce runoff (usually routed in
ditches), when a relief culvert delivers and drainage from a section of road is routed to a stream, the
length of that road segment plus the new drainage route across the hilldlope is effectively added to the
watershed channel network. This causes faster runoff routing and streamflow response in headwater
areas. Such relief drainage delivery is in addition to the direct ditchline drainage delivery that occurs
where roads cross streams.

Factors Influencing Sediment Transport Distance

In order to identify factors influencing the effectiveness of road drainage practices, we evauated
relationships between various site variables and sediment transport distances below relief culverts. Table
9 presents a correlation matrix, showing correlation coefficients, sample sizes, and significance levels for
different categories of sediment transport distance (log,, transformed) correlated with severa site
variables. Sediment transport distance categories are for al sites, and also for sub-samples of relief
culverts categorized by lithelogy types and precipitation regimes. These are presented in two ways: for
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Table 9: Correlation Matrix Showing Relationships Between Sediment Transport Distance
Below Relief Culverts and Various Site Variables.

For All Relief Culverts
Culvert | Drainage | Vertical | Road | Hillslope i‘l::f: wg;f;" Months Since
Sediment Transport Distance (m) (5::::;:5 ];’:::,:; (Sm?::::f) Gr(a;ient Gragient Precipitation | Intensity Construction
o) (%) aniyr) (in) (# months)
%te slatistic
Statewide corr, coef, -0.15 0.21 032 0.20 -0.01 0.46 0.40 033
(Log,, transformed) n= 48 46 46 46 49 a7 47 49
P= 0.32 0.16 0,03 0.19 0.96 0.00 0.01 0,02
Granitic corr. coef, -0.01
(Log,, transformed} n= 9
: p= 0.97
Sedimentary corr. coef. 0.18 0.48
{Log,, transformed) n= 18 18
p= 047 0.04
Volcanic corr. coef. 013 0.07
{Log,o transformed) n= 19 18
p= 0.60 0.7%
Low Precipitation corr. coef. -0.09 0.45
(Log,, transformed) n= 15 14
p= 0.74 0.10 ,
High Precipitaticn corT, coef. 0.17 0.16 0.25 0.08 -0.11
(Logp transformed) n= 33 32 32 32 34
p= 0.36 0.40 018 0.65 0.54 : }
For All Relief Culverts With Sediment Transport Distance > 1 meter
Culvert | Drainage | Vertical | Road | Hillslope ‘:‘:::f: ms";::!hr Months Since
Sediment Transport Distance (m) (S::::::sg) I(J:::;c;; (Sn[::'c:sg) Gr:;li)mt Gr:;.i;nt Precipitation Intensity C(:u::::lz(;n
(infyr) {in)
Category statigtic '
Statewide cort, coef. 0.25 0.47 043 0.29 0.27 0.49 0.39 0,24
(Log;o transformed} n= 33 33 33 33 33 3 31 33
P= 0.16 0.01 0.13 0.00 9,03
Granitic corr. cocf. 0.00
(Log,o transformed) n= 6
p= 1.00
Sedimentary
(Log,, transformed)
Volcanic
(Logy, transformed)
Low Precipitation
(Logo transformed)
High Precipitation cor. coef. 0.14 039 0.32 017 0.20 0.38 0.23 0.14
(Log,o transformed) n= 22 22 22 22 22 20 20 22
= 0.52 0.07 0.14 045 0.37 0.09 032 0.54
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dl culverts (in the top half of Table 9), and for dl culverts that had a transport distance of at least one
meter (in the bottom half of the table). The data were truncated in order to eliminate those sites that had
sediment traps or did not transport sediment for  some other reason.  This was done to evaluate whether
the dte variables became more of a factor when there was definite transport via flowing water. The gte
variables considered include: culvert spacing (the road distance between two sequentia culverts),

drainage distance (contributing road distance based on drainage divides determined in the field), vertica
spacing (caculated from the drainage distance and the road gradient along that distance), average road
gradient for the drainage segment, hilldope gradient below the rdief culvert (estimated from digital
elevation models or measured in the field with clinometer), average annual precipitation, [0-year, 24-
hour storm intengity, and the number of months since road congiruction. Correlations with coefficients
of 0.5 or greater and that are significant & p = 0.1 or less  (i.e., a least a 90% probability level) are
highlighted on Table 9.

For al culverts (statewide), none of the correlation coefficients exceeded 0.5, athough annua

precipitation and storm intensity had coefficients > 0.4 and highly significant positive correations with
sediment trangport distance. These precipitation variables are dso sgnificant and more strongly
correlated with sediment trangport distance for some of the stratified groupings of rdlief culverts. When
dratified by lithology and climate categories, vertica spacing and road gradient are significant for the
granitic and low precipitation groupings (note thet al of the granitic Stes are dso included in the low
precipitation category), and hilldope gradient is sgnificant for volcanic Stes. Drainage distance has
sgnificant correlations, with coefficients gpproaching 0.5, for the sedimentary and low precipitation
categories.  Note that for dl relief culverts (i.e., not truncated), culvert spacing has no significant
correlations with sediment transport distance. In fact, some  ofthe correlations show a weak negative
relationship between sediment trangport and culvert spacing, indicating thet this variable is probably not
appropriate to rely on in road drainage design.

When the trangport distances are truncated, drainage distance and vertica spacing have highly significant
correlations, with coefficients greater than 0.4 for al 33 culverts with sediment transport distances of one
meter or greater. These variables are dso sgnificantly correlated for some of the stratified groupings,
including the sedimentary Sites as well as the low precipitation Stes and granitic Sites (for vertical
gpacing). Road gradient is significantly correlated with sediment transport distance only for the low
precipitation and granitic sub-samples, and hilldope gradient is significant only for volcanic stes. Inthe
truncated data set, culvert spacing is significantly correated with the granitic and low precipitation sub-
samples. Of dl the physcd Ste variables, drainage distance and verticd spacing have the strongest
correlations with sediment transport distance for most categories of relief culverts. At the volcanic sites,
however, sediment transport distance is most drongly correlated with  hillslope gradient.

Some of these correlaions are examined farther usng smple regression, in order to identify and
compare theinfluence of these various Ste varigbles. Figure 23 shows scatter plots of the relationships
between selected ste variables and log-transformed sediment transport distances (truncated a@ > one
meter) for various categories of relief culverts, dong with regression lines, coefficients of determination
(r), and sgnificance levels. None of the univariate regressions shown in Figure 23 are strong, but all are
sgnificant, with single independent variables explaining between 18% and 5 1% of the variation in
sediment transport distances for the various categories of relief culverts. ~ For dl culverts with downdope
sediment transport of at least one meter, drainage distance alone explained 22% of the varigtion in

sediment transport distance, while vertica spacing explained 18% of the variation for the same sample of
relief culverts. No other physical site variables explained more of the variation in sediment transport
distance for the statewide sample.
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Figure 23: Relationships between Sediment Transport Distance
and Various Site Variables.




Somewhat higher 1* values are seen for sub-samples of the relief culverts. Drainage distance explains
32% of the variability in sediment transport distance for the sedimentary sites. Vertical spacing and road
gradient both have significant regressions with sediment transport distance for the low precipitation sites,
explaining 53% and 44%, respectively, of the total variation in sediment transport for this sub-sample of
relief culverts. The low precipitation category includes al of the granitic sites, in addition to one Eastern
Cascades site with sedimentary lithology.

Interestingly, hillslope gradient was not significantly correlated with sediment transport distance for any
category of relief culverts, other than for volcanic sites. It should be noted, however, that the relief
culverts in our sample did not discharge onto very steep hillslopes (estimated average hillslope gradients
below relief drains ranged from 4% to 43%), although the roads themselves were constructed on
somewhat steeper sites (average hillslope gradients along the road alignments ranged from 11% to 57%).
Yet the angle of hilldopes below relief culverts may be an important controlling factor for roads built on
volcanic bedrock. For those relief culverts at volcanic sites that channelized or transported sediment
downslope, the only independent physical site variable for which a log-linear regression with sediment
transport distance was significant was hillslope gradient (rz = 0.51). Considering al 20 relief culverts
evaluated at volcanic sites, we found that none of the nine culverts discharging onto hillslopes with
estimated gradients of 20% or less had transported sediment more than one meter downslope. For
culverts discharging onto steeper hillslopes (greater than 20% gradient), 64% had transported sediment
downslope at distances ranging from three to 50 meters. The average sediment transport distance for
stegper volcanic sites was 12.5 meters, compared to 0.6 meter for culverts on slopes of 20% or less.

Related Research Findings

Evaluating sediment transport distance below relief culverts and the factors influencing it is important
because of the potential for sediment and drainage to be routed to streams. The issue of stream channel
network expansion and integration of road drainage with streams has been looked at by severa studies
(e.g., Montgomery, 1994; Wemple et al., 1996). While we observed the initiation of new channels,
leading to integration of road drainage with the stream system in several cases, we did not observe the
phenomena of headward extension of previously existing channel heads within zero-order basins over the
timeframe of our study. We have information to evaluate whether headward extension of natural
channels occurred at selected sites in the Eastern Cascades, Southern Cascades, and Northern Rockies
over the one to two year period of our surveys. If headward channel extension does occur in response to
road building in these regions, it would appear to require a longer period of time to manifest itself.

Similarly, Megahan and Ketcheson (1996) reported that there was no headward channel extension during
the first four years following road construction in their evaluations of 36 relief culverts in an area of
granitic lithology in ldaho. However, other than one instance of limited gully formation, Megahan and
Ketcheson (1996) did not report initiation of new channels below culvert putfalls in granitic areas, as we
found at several sites with fine-textured soils developed in sedimentary, volcanic, and metamorphic

areas. Rather, they evaluated the extent of downslope travel of sediment plumes composed largely of
sand-sized particles. In the granitic soils of our Northern Rockies study area, we observed that overland
flow leaving surficial sediment plumes was the predominant mode of sediment transport below road
drainage discharge sites, including relief culverts and waterbars, with channel initiation occurring
secondarily.

Montgomery (1994) studied the geomorphic response to ridgetop road building in coastal Washington
and Oregon and in the southern Sierra Nevada region of California, and found expansion of the channel
network as compared to unroaded areas. He found that road drainage had a significant influence on the
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relationship between the distance from drainage divide of the initia channel head and the drainage area
in zero order basins. Slope angle was also an important factor, and maintenance of the natura slope-
drainage area thresholds was suggested as a means to manage road drainage in order to minimize adverse
geomorphic and hydrologic effects. Statewide, the primary process we observed to result in integration
of road drainage with the stream system, outside of road segments with direct ditchline drainage to
stream crossings, was the initiation of new channels or gullies downslope of relief culvert outfals. This
leads us to suggest that most of the cases reported by Montgomery (1994) probably reflect channel
initiation proceeding from the road downslope, rather than upslope extension of the channel network, or
a combination of these two interrelated processes.

Others have evaluated sediment transport below relief culverts and road fills, and it is interesting to
compare our findings with these other studies. Burroughs and King (1989) present a cumulative
probability distribution developed from measured sediment transport distances below 70 relief culverts
in one study basin. These roads were constructed on metamorphic parent material (weathered gneiss and
schist) in northern Idaho. Measurements of sediment travel distances were made one to two years
following road construction. Based on their curve, the 90th percentile value for downslope sediment
transport is about 75 meters, which is similar to the distribution of our total sample. Ketcheson and
Megahan (1996) developed a cumulative probability distribution based on measurements of 24 relief
culverts on forest roads in the granitic Idaho Batholith area. This data set only includes relief culverts
where sediment transport was not truncated by delivery to stream channels, and represents sediment
transport over a four year period following road construction. Sediment transport distances ranged from
10.7 to 183.6 meters, with half of the culvert discharges transporting sediment farther than 50 meters.
The 90th percentile value from their distribution is about 125 meters. This is five times farther than the
90th percentile for our smaller sample of culverts at granitic sites (n = 9}, and the range extends beyond
the farthest distance we observed in our study. In a related analysis, Megahan and Ketcheson (1996)
concluded that the volume of eroded material (e.g., from road surface, ditch, and cutslope erosion)
discharged via relief drains was by far the most important variable influencing downslope sediment
transport.

The shorter time frame evaluated in our study may account for some of the difference between our
results and those of Ketcheson and Megahan (1996). We monitored relief culvert discharges for only 9
to 11 months following construction at the two roads in our granitic study area. However, Ketcheson and
Megahan (1996) monitored year to year changes in sediment deposits, and found that only about three to
seven percent of the deposits increased in length during the second through fourth year after road
construction. This was because most of the sediment transported after the first year was deposited on the
surface of the original sediment plume. Note that this would not necessarily be the case in areas where
relief drainage developed channels or gullies, such as we observed at several of our sites in western
Washington.

Given the lack of annual change in sediment deposit length observed in the Idaho study, it is more likely
that the differences in sediment transport distances between these two granitic study areas are
attributable to differences in site factors, such as weather and hydrologic characteristics, the extent of
obstructions on the forest floor to impede downslope transport, and local topography including road and
hilldope gradients. One notable difference is that hillslopes at our granitic sites were substantialy less
steep, with gradients ranging from 6% to 24% below relief culverts, while the Idaho study area is
characterized by 26% to 85% hillslope gradients. Also, waterbars were installed during the first spring
following road construction at our sites, reducing the effective drainage area of some of our culverts.
Most of these waterbars were also associated with downslope transport of sediment, some of which
delivered to streams.

Page 80




Another study evaluated the disposition of road drainage in volcanic lithologies of the Western Cascades
of Oregon. Wemple et d. (1996) reported that about 57% of the road length in two basins was connected
to suface flow paths. About 41% of this connection associated with relief culverts that had eroded a
channelized flow path or gully at least 10 meters downdope of the culvert outfal (but not necessarily
extending to a dream), and the remainder associated with direct drainage delivery at stream crossings via
road ditches. The authors did not measure Sediment transport distances below the 291 relief culverts
surveyed or determine for each culvert that channelized downdope whether relief drainage was actualy
delivered to anatura stream channel. They did distinguish between those that channdlized downdope
10 meters or farther and those where the drainage infiltrated into the subsurface within 10 meters of the
culvert. The surveyed road segments ranged in age from a few years to 40 years. Of dl rdief culverts
evaluated in the Wemple e¢ d. (1996) study, 63% did not channelize, while 35% did and another 3%
delivered directly to streams adjacent to the road.

These findings on the proportion of relief culvert discharges that developed channels tend to agree with
the distribution of sediment transport distances from our 20 relief culverts & volcanic Sites (Figure 2 1).
Seventy-five percent of these culverts had sediment transport distances less than 10 meters, and 60% had
no obvious downdope sediment transport. Channelization was a common mode of sediment transport
observed below relief culverts for roads on volcanic lithology, as well as a sedimentary and

metamorphic Sites, especidly for longer sediment transport distances. Wemple et d. (1996) aso found
that hilldope gradient was a sgnificant factor influencing channd development below relief culverts.
They reported that relief culverts on dopes over 40% gradient being subgtantialy more likely to gully
than those on dopes less than 40% gradient, and found that road drainage distance became an important
factor influencing gully development on steep hilldopes where it was not important for dopes less than
40%. As discussed earlier, the only significant correlation we found between sediment transport distance
and hilldope gradient was for our sub-sample of volcanic sites.

Road Location and Design Considerations for Drainage Relief

Because BMPs for relief culverts are considered effective so long as discharges and sediment are not
delivered to surface waters, road location relative to Stream location becomes the overriding factor
determining the effectiveness of drainage rdlief practices. Because stream crossings are generaly
gpproached at closeto right angles, it isusudly the tributary streams that may be running parale to the
road alignment that are of most concern in terms of how drainage relief is managed. When the dope
distance between the road aignment and any stream channel is within the range of observed sediment
trangport distances, which is about 160 meters for this study, environmenta and road design factors
influencing erosion and sediment transport become important determinants of BMP  effectiveness.

At the landscape scale, the most important environmental factor appears to be bedrock lithology, which
influences soil drainage and erodibility. Precipitation amounts and intengity, which control runoff
characteristics and are postively correlated with sediment transport distance, are also important
environmental  factors affecting erosion and sediment transport processes downdope of relief culverts.
At the locd gte scae, the most important road design factors appear to be drainage distance and vertical
spacing. Verticd spacing isafunction of the drainage distance and road gradient dong that distance,
and relates conceptually to the erosive force of ditch flows that are discharged through the relief culvert.

The scatter plots in Figure 23 indicate that the longest sediment transport distances tend to be associated

with drainage distances above about 110 meters, while there is more scatter in the data below this

drainage digance. Consdering the results from dl 49 rdief culverts monitored statewide, culverts with a
drainage distance greater than 1 1O meters had an average sediment transport distance of 35 meters, over
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twice as far as the average for culverts with drainage distances less than or equal to 110 meters (13
meters average transport distance). A similar value for vertical spacing would be 10 meters. The
average sediment transport distance below culverts with vertical spacings greater than 10 meters is 44
meters, which is amost three times that of culverts with vertical spacings less than or equal to 10 meters
(16 meters average transport distance). Over haf of all culverts with a drainage distance greater than
110 meters or a vertical spacing greater than 10 meters had sediment transport distances of 21 meters or
greater, compared to a median sediment transport distance of 3 meters for culverts with drainage
distances of 110 meters or less or vertical spacings of 10 meters or less. This tendency for longer
sediment transport distances is reflected in the BMP effectiveness findings. Seven of the nine relief
culverts in our sample (78%) that were found to deliver sediment to streams and were rated ineffective
had drainage distances of 110 meters or more and/or vertical spacings exceeding 10 meters.

Maximum allowable culvert spacings in the current rules range from 183 meters on the steepest road
grades in western Washington, to over 450 meters on flatter roads in eastern Washington, and would
alow vertical spacings of about 20 to 40 meters depending on road gradient classes and local drainage
divides. These culvert spacing practices would not be expected to result in drainage distances and
vertical spacings that minimize downslope sediment transport distances. This may be acceptable for
road segments that are located well away from streams or unstable slopes, so long as relief culverts are
adequately sized and ditch erosion and any associated subgrade or cutslope destabilization does not
create unacceptable road maintenance costs.

But for road segments that have drainage relief discharges located within about 150 meters slope
distance from any stream channel, practices that result in substantially lower drainage distances and
vertical spacings should be implemented. Based on our analysis, drainage distances less than 110 meters
and vertical spacings less than 10 meters would appear to be appropriate for most near-stream road
segments. We believe that these targets for maximum drainage distance and vertical spacing are
appropriate for in-sloped road segments built on low to moderate hillslope angles in both eastern and
western Washington. However, there may be some basis for maintaining different culvert spacing
practices in these two different climate regions, because a comparison of the distribution of sediment
transport distances indicates a tendency towards longer transport distances in the high precipitation,
western Washington region. Likewise, different drainage design guidelines may be justified based on
lithology, since the distribution of sediment transport distances indicates that sediment transport
downdope of roads built on sedimentary and metamorphic lithology is substantially more likely, with
longer transport distances, than for granitic and volcanic lithology.

Except on road aignments where the drainage direction and road gradient are constant along the entire
spacing between culverts, relying on culvert spacing aone to achieve the desired drainage distance or
vertical spacing does not appear to be advisable. Although it is not explicitly defined for its use in the
current forest practice rules, we ass&e that culvert spacing refers to the road distance between two
sequential culverts. For our data set, culvert spacing was not a strong predictor of either drainage
distance or vertical spacing. Based on correlation analyses, culvert spacing explained only 29% of the
variability in drainage distance and 30% of the variability in vertical spacing. Some of this discrepancy
is associated with local drainage divides that occur between stream crossings and relief culverts or
between two relief culverts, and some of it is associated with road segments that are partialy outsloped
and/or segments where road gradient is not constant. This leads us to conclude that on-the-ground
determinations of local drainage divides and road gradients are needed in order to achieve the desired
targets for drainage distance and vertical spacing, and the BMPs should refer to maximum drainage
distances for different classes of road gradient rather than culvert spacing.
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In addition to road design factors influencing sediment transport distance, such as drainage distance and
vertica spacing, certain loca Ste factors may affect whether rdlief drainage and sediment are ddivered
to streams. The hilldope gradient below the road is a Site factor which we found to influence sediment
transport distance for roads constructed on volcanic bedrock. Hilldope gradient is likely a more

important factor on sites which are steeper than those in our sample, as other studies have found that
channdlization is more likely on steeper dopes(e.g., Wemple et al., 1996). Therefore, steeper sites may
require more frequent culvert spacings for road segments located near streams. The form of  hillslopes
below the road is also an important locd Ste factor influencing sediment trangport and delivery.  Sites
where dopes between the road and stream are uniform or become steeper have a higher potentia for
delivery than those with dlope breaks that flatten before reaching the stream. Other research has shown
that, in areas of granitic lithology, the extent of obgtructions on the hitlslope affects sediment trangport
distance below relief culverts (eg., Megahan and Ketcheson, 1996). Sites with more obstructions to
facilitate hillslope sediment storage may be able to accommodate more drainage, at least in areas of
coarse-grained sediment. The Megahan and Ketcheson (1996) paper highlighted the importance  of the
volume of materiad eroded from the road prism and delivered to relief culverts, as it affects the

downd ope sediment trangport distance. This finding highlights the importance of congtruction and post-
congtruction erosion control on segments of roads where relief drains discharge near streams.

Most of the relief culverts we evaluated did not have constructed sediment traps or other measures to
control  downslope Sediment transport.  Sediment traps and/or some means of dissipating the energy and
spreading the flow from concentrated culvert discharges can be used to reduce channel initiation and
downslope sediment transport.  As a pat of a system of BMPs, sediment trapping and energy dissipation
become especialy important when road location in relation to streams and/or spacings between relief
drains are such that there is a moderate to high potentia for ddlivery. The current forest practice rules
date that relief drains “shall not discharge onto erodible soils’” unless adequate outfal protection is
provided. No further guidance is given as to what practices would congtitute adequate outfall protection,
but the definition of erodible soils contained in the roles could be interpreted to mean only those soils
which are displaced or exposed by a forest practice operation, not naturd soils which are erodible  (ie,
capable of being channelized) by concentrated drainage discharges, as many if not most soilsare. This
ambiguity in the rules may be contributing to the limited use of outfall protection to reduce downdope
channelization and sediment trangport.

We did observe the use of dash berms, adso referred to as filter windrows, and dash piles downdope of
roads. These features, which are constructed of non-merchantible materia generated during right-of-way
clearing, have been found to be effective for limiting sediment transport distance below filldopesin
granitic areas (Burroughs and King, 1989). However, we observed that dash piles and berms are
generdly not effective a preventing downslope Sediment transport and channelization associated with
concentrated discharges from relief culverts or waterbars.  While they may initidly trap coarser
sediments in the eroded materid, they are often undercut or by-passed by smal channels or gullies which
are formed by the concentrated discharges. In the few cases where dash berms were found to reduce or
prevent downdope sediment transport, this was associated with waterbars or relief culverts with

relatively minor amounts of road drainage, andlor where dash or  rootwads were fortuitoudy located so
as to trap and/or spread drainage discharges. In order to be reliably effective, slash piles or berms need
to be augmented with some type of fabric filter anchored below grade, and with excavated sediment traps
and/or energy dissipators.
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Road Construction Techniques

Construction techniques as assessed in this study refer to the construction and stabilization of cutslopes,
ditches, and fillslopes on segments of roads that directly contribute drainage to a stream crossing.
Because of different construction techniques and different potentials for sediment delivery, we evaluate
cutslopes and fillslopes separately. The results of cutbank/fillslope surveys of 21 road segments at
eleven newly constructed forest roads are summarized in Appendix H. This survey protocol evaluates
the extent of erosion and revegetation over time on contributing road segments, as delimited by local
road drainage divides around stream crossings.

Cutslope Congtruction

BMPs for construction and stabilization of cutslopes on road segments draining to streams were rated
ineffective at five (46% ) of the new roads, partialy effective at four (36%), and effective at two (18%)
of the roads evaluated. The four roads that were rated partially effective had surveys of more than one
drainage contributing segment, which yielded mixed results regarding fillslope effectiveness. Cutslope
construction practices were rated effective at six of the 2 1 contributing drainage segments, while
practices at the remaining 71% of road segments were found to be ineffective at preventing chronic
sediment delivery to streams from erosion of cutslopes and ditches. The effectiveness of road
construction practices for cutslopes is influenced by steps taken to control construction phase erosion and
promote the establishment of vegetative cover, measures to control ditch erosion, and whether or not
gullies develop on cutslopes and in ditches. Hydromulch with grass seeding was effective at increasing
ground cover at some sites but could not control gully erosion. The mgority of road construction sites
relied on natural revegetation or dry grass seeding without mulch to stabilize slopes and hold the seed on
the seedbed, and this was not found to be effective at preventing chronic sediment delivery to streams
from cutslope erosion within contributing road segments. Localized mass erosion or sloughing of
cutslope material, gully erosion on cutslopes, and gully development in road drainage ditches were the
biggest contributors to chronic erosion and sediment delivery to streams from road prism construction
practices.

The extent of exposed soil on cutslopes during the second year following road construction is used as an
indicator of chronic erosion and sediment delivery, along with observations of specific erosion processes
such as guliying and small scale mass erosion. Ground cover density has been shown to be a significant
variable influencing the volume of sediment eroded from cutslopes (Megahan et a., unpublished report)
and fillslopes (Megahan et al., 1991) on forest roads. Bedrock lithology and precipitation regimes
appear to be environmental factors influencing the extent of chronic erosion and sediment delivery to
streams from road construction practices. We evaluated the influence of lithology and climate on
chronic erosion of cutslopes by stratifying the study sites into categories, and comparing the extent of
exposed soil on cutslopes during the second year after road construction. Figure 24 shows box plots
comparing the percent exposed soil on cutdopes among sites with different bedrock lithology and
precipitation regimes. Roads in the low precipitation regime had significantly higher levels of exposed
soil than those in the high precipitation regime, possibly due to droughty conditions that slow the
establishment of grass and other vegetation. Also, hydromulching was not used in conjunction with
grass seeding to speed the establishment of vegetative cover at road construction sites in eastern
Washington, as was done at some sites in western Washington.,

In terms of the lithology types, granitic sites (which make up four of the six survey segments in the low
precipitation category) have the highest level of exposed soil, followed by sedimentary sites, volcanic
sites, and metamorphic sites. As shown in Figure 24, there is overlap between the 95% confidence limits
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for median levels of exposed soil for cutdopes in sedimentary and volcanic lithologies. Median exposed
s0il levels at volcanic dtes are Sgnificantly lower than granitic Sites, and cutdopes in metamorphic
lithology have significantly lower exposed soil leves than the other lithology types a the 95%
confidence level. Four of the five drainage segments representing the metamorphic lithology are dl on
the same road in the Northern Cascades region, which had relatively flat topography and very short
cutdopes with wet soil conditions. Lush natura revegetation was noted along this road. The other
metamorphic Site, which appears as an outlier in the digtribution on Figure 24, is a road segment in the
Eastern Cascades region where revegetation was much slower.

Cutslope gradient, cutslope height, and hilldope gradient gppear to be important Ste factors influencing
chronic cutslope erosion at some roads. Figure 25 presents scatter plots and simple linear regression

results showing the relationships between these ste variables and the extent of exposed soil on cutdopes
during the second year following road congtruction. Four of the 21 contributing drainage segments listed
in Appendix H are excluded from these analyses because of site-specific conditions that appeared to

mask the effect of these site variables. These included two Stes where a substantid amount of the
cutslope area was disturbed by logging andlor ste preparation activities, and two sites where hydromulch
was used in conjunction with seeding. While excluded from the regression analyses, the influence of
these practices on the establishment of vegetative cover on cutdopes is very important and will be

discussed  separately.

The remaining 17 road segments where logging disturbance of the cutd opes was minima and
hydromulching Was not used were included in regression analyses to evauate univariate relaionships
with selected site variables. At these sites, operators relied on dry grass seeding and/or natura
revegetation to accomplish erasion control objectives. The strongest relationship of any Ste varidble
with percent exposed soil was found with cutslope gradient, where the positive correlation was highly
sgnificant and 49% of the variation in exposed soil was explained by cutslope gradient done. Positive
correlations between percent exposed soil on cutdopes andthe average locad hillslope gradient and
maximum cutslope height were significant, but wesker. Hilldope gradient explained.34%, and
maximum cutslope height explained only 21% , of the variation in second-year soil exposure usng
smple regresson models.  Not surprisingly, both cutslope gradient and cutslope height are positively,
though not strongly, corrdated with hilldope gradient.

Megahan ¢ a. (unpublished report) measured cutslope erosion rates for a four year period following
road congtruction a a granitic study area in Idaho, and they found that  cutslope gradient was the most
influentid dite factor affecting eroson rates. Other sgnificant variables identified in the Idaho study
were ground cover dengity, Sope aspect, and asnowfree period rainfal erogvity index. The sgnificance
of aspect, with south-facing dlopes having higher erosion rates than north-facing dlopes, reflects the
importance of microclimate influences on both bedrock weathering rates and revegetation rates. The
rainfal erosvity index (the product of raingtorm kinetic energy and maximum 30 minute precipitation
intengity) integrates the potentia for eroson by raindrop impact with the potentia for overland flow
generation. The findings from this study of cutslope erosion in Idaho suggest thet, as it varies locdly,
precipitation intengty is an important variable affecting cutslope eroson. However, we found no
sgnificant univariate correlation between the percent exposed soil on cutdopes and either the 10-yesr,
24-hour precipitation intengty or average annua precipitation. This is because broad scale, average
precipitation variables such as these are not well correlated to rainfall erosivity (W. Megahan, persond
communication). On a statewide or landscape level, the only apparent effect of the average precipitation
regime on cutslope erosion has to do with its influence on the rate of revegetation, as reflected in our
comparison of stesin the different precipitation regimes (Figure 24).
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As mentioned earlier, certain practices influenced the degree of chronic cutslope erosion at specific sites,
as reflected in the extent of exposed soil in the second year following road construction. Disturbance of
cutslopes during logging operations, through yarding, log decking, and/or slash cleanup, had the effect of
negating the first season vegetation growth on cutslopes. At one site where this occurred, a hydromulch
treatment had resulted in the establishment of vegetative cover on many areas of exposed soils during the
first growing season after road construction, but the effects of this treatment were lost due to logging
disturbance of the cutsiopes. At two other sites, both on volcanic lithology, where hydromulch was
combined with grass seeding, cutslope vegetation was rapidly established. This practice prevented
chronic erosion, except where gullies developed or small-scale mass erosion processes kept exposing
new layers of soil and bedrock. We observed severe cutslope and ditch erosion at some sites where no
construction phase erosion control measures were applied, other than dry grass seeding.

Overall, our observations suggest that localized sediment delivery ratios from cutslope erosion are highly
variable and subject to site-specific circumstances. At many sites there was evidence of frequent ditch
flow and net ditch erosion (i.e., gullying which exceeded storage), with limited storage of eroded
cutslope material. Under such conditions, the sediment delivery ratio will ultimately approach 100% of
the eroded material delivered to the ditch. We also observed sites where local topographic and soil
conditions appeared to promote infiltration of ditch flow and/or result in sediment trapping and storage
within the ditch, thereby preventing or minimizing direct sediment delivery to the stream crossing. This
was the case in five of the six segments where cutslope construction practices were rated effective at
preventing chronic sediment delivery to streams. Effectiveness in these cases may reflect fortuitous soil
or topographic conditions that resulted in extremely low localized sediment delivery ratios, or it may
have been the result of intentional road location practices that took advantage of favorable site
conditions. In either case, these were examples where road location, drainage design, and construction
practices proved effective. We had only one example where rock riprap was used to control ditch
erosion. This practice was effective at preventing gully erosion in the ditch and also provided filtration
and trapping of sediment from cutslope erosion, to the extent that we did not find evidence of chronic
sediment delivery from this road segment to the stream crossing.

At most sites, however, we did not observe the use of measures to control construction phase erosion or
reduce longer term erosion on these contributing drainage segments, other than dry grass seeding. This
leads us to conclude that erosion control measures known to be most effective at reducing construction
phase erosion and promoting the establishment of ground cover to control chronic erosion are not
commonly applied under current BMPs. This may be due in part to the ambiguity of the performance
standard requiring soil stabilization measures in certain situations, and the fact that this BMP is not
currently applied to road segments contributing to type S waters. Several of our cutslope erosion surveys
were conducted on road segments draining to streams that were either correctly or incorrectly identified
as type S on water type and FPA maps. Also, the current rules do not explicitly address erosion of
cutslopes and ditches within road segments that drain direct]y to stream crossings (the only reference to
erosion of road cuts and ditches is found in the practices dealing with relief culvert spacings), nor do they
specify or suggest erosion control practices that are known to be most effective.

Burroughs and King (1989) discuss various measures to reduce erosion on cutslopes and ditches, and
provide information on their effectiveness. They point out that dry seeding alone provides no slope
protection until germination and plant growth, and it is not very successful on steeper cutslopes (e.g.,
0.75: 1 slopes, or about 53 degrees) that are greater than about two to three meters high. They
recommend assuming a 10% reduction in first-year erosion for dry grass seeding on steep cutslopes
greater than 2.4 meters high, and a 36% reduction in erosion for dry grass seeding on new cutslopes with
a slope angle of 45 degrees {1:1 slopes) or less. The important thing with grass seeding is to use some
type of mulch or surface treatment to hold the seed on the seedbed and control erosion until vegetation is
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established.  Burroughs and King (1989) suggest that erosion reductions of 35% to  40%, depending on
cutslope Stegpness, can be achieved by applying straw mulch, but reductions of 75% can be assumed if
an asphalt tackitier is used with the straw mulch. Once a stand of grass is established on the cutdope, the
expected erosion reduction is 86% to 100%, depending on ground cover density. Hydromulch can aso
be used in conjunction with grass seeding (i.e., hydroseeding), but by itself, hydromulch has not been
shown to be very effective on steep cutslopes because it cannot control mass erosion processes.

Terracing has been reported to be effective in reducing the amount of soil produced from  cutslope
erosion, and Burroughs and King (1989) recommend assuming an 86% reduction when new cutsopes
are terraced. However, terraces may not be long-lasting on some cutslope materids. Erosion control
mats are very effective as well when they are properly instaled.

Megahan et d. (unpublished report) evaluated the effectiveness of various practices for reducing erosion
on granitic cutdopes, including dry grass seeding, hydromulching combined with grass seeding, and
terracing cutd opes combined with hydromulching and grass seeding. The dry grass seeding treatment
was applied to two didtinctly different soil types: shallow soils overlying weathered granitic bedrock, and
deep dluvid valley bottom soils. All of these practices, with the exception of dry seeding on shdlow
upland soils, resulted in significantly reduced cutslope erosion as compared to untreated controls, with
an average reduction of about 59%. Dry grass seeding was the most cost-effective measure, but it was
only effective at reducing eroson on sites with deep dluvia soils, and it could not be determined
whether the erosion reduction was associated lower inherent soil  erodibility or the grass seeding.  For the
majority of the granitic roadcuts, hydromulching combined with grass seeding was the most cost-
effective eroson control measure. The additional cogts of terracing cutdopes was not shown to result in
sgnificantly greater erosion reduction as compared to hydromulching and seeding without terracing.

Ditch erosion may aso be controlled or reduced by the establishment of vegetative cover, which may be
aded by the use of erosion control mats designed to line channels. Where ditch erosion control is called
for and mats are not deemed feasible, rock riprap is an effective trestment. Burroughs and King (1989)
provide design guiddines suitable for designing riprap layers for ditches along forest roads. If
congtruction phase and long-term erosion of cutdopes and ditches is not controlled, then other options to
prevent or minimize sediment ddlivery to streams include trapping or diverting the eroded sediment
before it reaches a stream crossing.

Ditch diversgon is a conceptudly effective practice, because of its potentid to limit sediment ddlivery
from both congtruction phase and long-term erosion. This practice can reduce delivery of sediment from
erosion of exposed soils as well as that generated on the road surface from heavy traffic during runoff
events. Current BMPs require diversion of ditch flows whenever ditches dope toward a type |-3 water
or type A or B wetland for more than 92 meters (300 feet). But this practice is not applied to type 4 and
5 dream crossings, which is where the majority of direct ditchline delivery occurs because of the greater
dengty of type 4 and 5 streams. This omisson diminishes the potentia effectiveness of the practice. In
fact, our observations show that drainage distances around sStream crossings more often than not exceed
92 meters. Of the 40 stream crossing culverts included in Appendix F, 55% have drainage distances
exceeding 92 meters. For these 22 culverts, al of which are in streams that were mapped as type 4 or 5
(but some of which are actualy type 3 streams), drainage distances range from 93 meters to 446 meters.
Even with broadly applied ditch diversion practices, there will aways be road segments with direct
ditchline delivery to streams, because loca sSite topography closest to the stream crossing often does not
fecilitate drainage diverson. It is on these road segments with direct ditchline ddlivery that erosion
control and long-term stabilization of cutdopes and ditches are needed, regardless of the water type at
the crossing. If road dignments and drainage diversions are carefully designed to minimize direct
ditchline entry, then the amount of road needing more costly eroson control can be minimized.

Page 89




Fillslope Construction

Fillsope congtruction was rated effective at 82% of the eleven new roads evaluated, with 9% rated

partidly effective and 9% rated ineffective. The partidly effective rating is for aroad in the Northern
Rockies region where two different road drainage segments yielded mixed results for  fillslope
condtruction practices. Of the 21 different road drainage segments evaluated at the eleven new roads, al

but two examples of fillslope construction were rated effective at preventing chronic sediment delivery

to streams (see Appendix H). The potential for direct sediment delivery to streams from  fillslope erosion
is much less than for cutdopes, which have ditches to route sediment to stream crossings. Therefore,

road locetion in relation to the stream was amgor factor influencing the effectiveness of filldope
congtruction practices. Because practices for congtruction and stabilization of stream crossing fills are
evaduated separady, filldopes were generdly rated effective if chronic sediment ddivery was limited to
the immediate area of the fill over the stream crossing culvert. The exceptions to this were cases where
culvert fill eroson was associated with drainage from the contributing road segment, rather than just the
immediate area of the crossng.

We evauated the extent of exposed soil on fillslopes in the same manner as with cutslopes to assess the
influence of environmenta and Ste factors on chronic erosion and revegetation of filldopes. The
filldopesincluded in thisanalyss are at the same road segments as the cutd opes discussed earlier. As
with cutdopes, bedrock lithology and precipitation regimes were environmentd factors influencing the
extent of chronic erosion on filldopes. Figure 26 shows box plots comparing the percent exposed soil on
fillslopes during the second year following road congtruction among sites with different bedrock

lithologies and precipitation regimes.  Similar to the trends observed with cutdopes, roads in  the low
precipitation regime have higher levels of exposed soil than those in the high precipitation regime, but in
the case of filldopes, the median vaues are not significantly different at the 95% confidence levd. The
relative differences between lithology types are smilar to those seen for cutd opes, with the lowest levels
of chronic erosion occurring a metamorphic and volcanic sites and the highest levels a sedimentary and
granitic Stes, based on the extent of exposed soil during the second year of road life. With fillslopes,
however, median levels of exposaed soil a metamorphic and volcanic Sites are not sgnificantly different
from each other, but they are sgnificantly lower than the other two lithologies. Likewise, the median
levels of exposed soil on filislopes within the granitic and sedimentary categories are not significantly
different from each other,

Smple regression analyses did not show relationships between the percent exposed soil on filldopes and
any of the physica Ste variables. However, dope height or length may be afactor influencing fitlslope
eroson a some stes. Filldope height was positively corrdated with hilldope gradient (r* = 0.64,
p<0.1), but we did not find sgnificant correlation between aither dope height or hilldope gradient and
the degree of exposed soil on  fillslopes.

Other studies have identified factors influencing eroson rates on fillslopes. Burroughs and King (1989)
report findings from erosion measurements and comparisons of erosion control treatments on fillslopes
congructed on granitic and metamorphic parent materialsin Idaho. They suggest thet the factors
influencing the effectiveness of tilldope erasion control practices are: the timing of gpplication of any
erosion control measure, the rate of application for muich trestments (percent ground cover), the inherent
erodibility of the soil, the fillslope gradient, and whether or not the road has an insloped drainage design.
Regarding the timing issue, they note that, given the fact that alarge proportion of the total erosion
occurs soon after construction, erosion control treatments that can be applied immediately after

congtruction arc likely to be much more effective. As a generd rule of thumb, the steeper the dope and

the higher the silt content of the soil, the less effective any given trestment will be.  Road drainage design
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is a key factor. The effectiveness of any mulch treatment is reduced if road surface drainage is routed
over fillslopes. They noted that almost al of the larger gullies were generated from road surface
drainage. Several mulches and erosion mats were found to be effective at reducing sediment production
from fillslopes, with the effectiveness varying directly with the percent ground cover achieved.
Hydromulch, used by itself, was not effective until ground cover approached 100%. They note that dry
grass seeding alone does little to control surface erosion until seed germination and growth, and then
only if the seed has not been washed from the slope. Slash berms or windrows were shown’ to be
effective at reducing sediment transport distance below fillslopes (Burroughs and King, 1989).

Megahan et a. (1991) conducted a plot study of fillslope erosion and various erosion control measures in
the Silver Creek study area of the granitic ldaho Batholith. They tested a number of site factors for their
influence on surface erosion rates. Erosion for the first overwinter period was excluded from the
analyses because it was dominated by mass erosion processes rather than surface erosion. Of al the site
factors tested, only ground cover density and a snowfree period rainfal erosivity index had a statistically
significant influence on sediment yields. A cost-effectiveness evaluation of erosion control treatments
was also conducted as a part of this study. As a result of this evaluation, Megahan et al. (1992)
concluded that hydromulching combined with seed and fertilizer was the most cost-effective treatment.
This treatment reduced erosion by 71% over untreated control plots. The next most cost-effective
practices were: a combination of crimped (i.e., rolled) straw mulch with seed, fertilizer, and transplanting
of shrubs; straw mulch combined with a sprayed polymer erosion control product and seed, fertilizer, and
transplanted shrubs; and crimped straw mulch combined with a jute erosion control netting. These last
three combinations reduced erosion by 95%, 86%, and 93%, respectively, but were 2.2 to 2.5 times more
expensive to apply than hydromulch with seed and fertilizer.

We did not observe tillslope erosion control treatments at our study sites other than dry grass seeding and
hydromulch combined with seeding. We only observed the use of hydromulch at three of our new road
evauation sites, two in the Southern Cascades and one in the Olympic region. Where used on fillslopes,
hydromulch was targeted specifically to near-stream areas, as appropriate. Based on our observations,
we can conclude that hydromulch combined with grass seeding was much more effective at reducing
surface erosion of fillslopes than was dry grass seeding. However, hydromulch with seeding could not
prevent or control gully erosion, which was observed on some fillslopes. It is useful to understand the
relative effectiveness of these various fillslope erosion control measures, especialy as they may be
applied to stabilization of stream crossing fills. However, their use did not influence the effectiveness of
fillslope construction practices as considered in this study (i.e., considered separately from practices for
stream crossings). This is because practices such as hydromulch with grass seeding address raindrop and
sheetwash erosion, but not necessarily gully erosion with downslope transport. Because fillslopes away
from the immediate stream crossing area have a lower potential to deliver sediment to streams, control of
sheetwash erosion is less critical to BMP effectiveness, while control of gully erosion may be very
important.

While we observed chronic fillslope erosion processes ranging from ravel, sheetwash, and rill erosion to
gullying and small scale mass erosion processes, the only two factors that influenced the effectiveness of
fillslope construction practices were road location in relation to stream locations, and road drainage
patterns. Road, or more specifically, fillsSlope location in relation to streams was the primary factor
leading to our findings that fillslope construction did not result in chronic sediment delivery to surface
waters at 19 of the 21 road segments evaluated. Simply put, where fillslopes are not constructed near
streams, sediment delivery is unlikely. This is because where drainage from the road surface, cutslopes,
and ditches is not routed across fillslopes, concentrated runoff does not occur and sediment transport
distances are minimal. Ketcheson and Megahan (1996) report that the mean length of sediment deposits
below granitic fillslopes was only 3.8 meters, with a range of 0.4 to 66.1 meters. They present a
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cumulative probability distribution based on sediment travel distances below roads for 264 fill Stes and
17 rock drains, which has a 90th percentile distance of about 15 meters. Likewise, Burroughs and King
(1989) present a cumulative frequency digtribution for tills they monitored in an area of metamorphic
parent materials, where 90% of the fills had downslope sediment transport of less than about 16 meters
when the tills were not influenced by road surface runoff, with an average transport distance of 7.9
meters. This compares to an average transport  distance of 17.9 meters and a 90th percentile vaue of
about 27 meters when fills were influenced by road surface runoff, hut not discharges from cross drains
or relief culverts.

Road drainage was a determining factor a the two road segments where fillslope practices were rated not
effective. In both cases, the road appeared to have been constructed with an  insloped design, but the road
surface became dightly crowned or level as it approached the stream crossing and the inboard ditches

had become patialy tilled from temporary storage of sediment eroded from the cutdope. As road

surface runoff and possibly aso some of the ditch flows were diverted across the  fillslope where the
roads dipped towards the stream crossings, gullies developed on the filldopes and the concentrated

runoff routed sediment to streams. These gullies, which developed during the first fal or overwinter
period after road construction, persisted and became sources of chronic sediment delivery from the
filldopes. Current forest practice rules do not address the routing of road surface drainage across

tilldopes, nor do they specify measures to prevent and control gully erosion. At one of the two roads,
waterbars constructed following timber harvest also routed drainage over the fillslope. Although routed
to dash piles, a least one of these waterbar discharges also delivered sediment to a stream via gullies
developed on the filldope.

Also, a this same road, a spur road was congtructed just beyond the type 4 crossing, and the aignment of
this spur was such that the sidecast fillSope was located within 10 meters dope distance of the stream.
Although thefill was not placed below the 50-year flood level, ravel and surface eroson dong this
portion of the fillslope also resulted in chronic sediment delivery. The BMP addressing sidecast
congtruction requires endhaul or overhaul congtruction where “sgnificant amounts of sidecast materia
would rest below the 50-year flood level of a Type 1,2,3, or 4 Water”. This establishes a performance
dandard that is ambiguous, in that “ggnificant amounts’ is not explained or defined. In any case, the
problem here was not the relatively minor amount of sidecast materid that inadvertently rolled down and
rested within the 50-year flood level of this stream &t the time of congtruction, but congiruction of the
fillslope in such close proximity to the stream. Here, it was the road location practices that are

implicated in the chronic sediment ddivery. Given the relatively short sediment transport distances for
fillslopes unaffected by concentrated road drainage, it would seem more appropriate for  the BMP to
specify that fillslope construction, sidecast or otherwise, not occur within about 15 to 20 meters of any
stream (taking into account the digtribution of reported sediment transport distances below fillslopes).
There is no water quality basis for excluding type 5 waters from this type of road location BMP, nor

from the current standard referring to  sidecast construction.

Erosion and Revegetation Trends at Road Construction Sites

We examined the digtribution of exposed soil levels on both cutdopes and tilldopes to evauate the range
of conditions observed statewide, for both the construction phase (reflected in first-year survey resuits)
and the last follow-up survey conducted a each ste. Figure 27 shows the cumulative frequency
digtribution of the percent exposed soil for each time period. About 78% of al Stes had greater than

50% exposed soils on cutdopes during the congtruction phase, and cutdopes a haf of the Stes were

more than 80% exposed. At the time of the find follow-up  surveys, about 62% of al cutsopes remained
a least 50% exposed, with 20% of the cutsopes more than 80% exposed soil. Timing for these follow-
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up surveys ranges from 9 to 27 months following congtruction, with al but three of the 21 surveys
conducted in the second or third year of road life, and al of them conducted after at least one full

growing season for establishment of vegetative cover (see Appendix H).  This represents widespread
chronic erosion on cutdopes within segments that contribute drainage to stream crossings. About 24%

of the cutdopes had attained 75% or more vegetative cover by the  final survey period.  These five Sites
include one of the two where hydromulch with grass seed was applied (the second hydromulch site had
62% vegetative cover by the final survey), and al four road segments from the Northern Cascades site
where vigorous natural revegetation was observed on short (2 meter average height) cutslopes with very
high soil moisture. The ditches at this road Sde appear to have perennid flow.

Overdl, the levels of exposed soil were less for  fillslopes at these same road construction sites. This is
partly atributable to the fact that dash from right-of-way clearing or dlash berm congtruction contributed
to ground cover on many of thetilldopes.  About 56% of al sites had greater than 50% exposed soils on
tilldopes during the congtruction phase, and only 14% of the fillslopes were more than 80% exposed at
the time of construction phase surveys. At the time of the final follow-up surveys, about 46% of dll
tilldopes remained a least 50% exposed, with none having more than 80% exposed soil. As with
cutdopes, chronic erosion of the fillslopes was fairly widespread, but 90% of these fillslope segments did
not contribute sediment to streams. About 38% of al fillslopes had attained 75% or more vegetative
cover by the final survey period. Based on these cumulative frequency distributions, we can conclude
that while congtruction phase erosion is higher, erosion perssts into the chronic phase at many stes
around the state. And for most of the drainage segments, where material eroded from cutslopes is
delivered to Sreams viadirect entry ditchlines, chronic sediment delivery is occurring.

We dso evauated whether there is correlation between the level of exposed soil on cut and till dopes

and time since road congtruction, which would indicate revegetation trends. For these andyses, time
since congtruction ranged from one to 27 months. Inverse correlations between percent exposed soil and
months since congtruction for both cutdopes and  fillslopes were significant (p = 0.05) but extremely
wesk (r* < 0.10) for sitesin the high precipitation regime, indiceting only adight overal trend towards
revegetation over the first two years following road congtruction for sites in western Washington. For
eastern Washington sites in the low precipitation regime, inverse correlations between exposed il

levels and time since construction are much stronger, and highly significant (p <.01). Seventy-one
percent of the variaion in exposed soil on cutdopes is accounted for by time since construction, but the
cutdopes were il at least 70% exposed after about two years. Filldopes a the low precipitation sites
revegetated somewhat more rapidly, but the correlation between percent exposed soil and months since
congtruction is not as grong (r* = 0.53). We dso looked a correlations between time since construction
and percent exposed soil for the same sites grouped according to lithology types. There are significant
inverse corrdlations (p < .01) for cutsiopes within the granitic  (* = 0.86) and volcanic (r* = 0.58)
lithologies, but not for metamorphic or sedimentary sites. For fillsiopes grouped according to lithology
types, inverse correlations are less significant and weaker for granitic  (* = 040, p = 0.07), sedimentary
(7 =022 p= 0.09), and volcanic (* =0.32, p = 0.09) sites, and there is no significant correlation for
metamorphic ~ sites. '

The revegetation trends observed in this study are generdly consistent with the understanding that
erosion of new road Stes decreases over time, but they aso point out that revegetation does not proceed
rapidly at most Sites under current BMPs. Increasing ground cover density following the congtruction
phaseis the key to minimizing chronic sediment delivery from sites with the potentid to deliver to
streams, such as the road drainage segments in our sample. Empiricaly based models have been used to
develop probability distributions of pogt-congtruction sediment yields from cut and till dopes based on
varying levels of ground cover dendty (Megahan et d., 1991; unpublished report). These distributions
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vividly illustrate the affect of increasing ground cover dengity on chronic sediment yields. For example,
based on the 10% exceedance probability, granitic filldopes a stream crossings (where sediment

defivery ratios approach 100%) could defiver an estimated 3 1 m’/hectare/year if ground cover were
aound 10%. This is comparable to the severe erosion category from our surveys of stream crossing
culverts, and our observations indicate that such conditions are not uncommon,  especially a Stes with
low annud precipitation regimes and/or in areas of granitic and sedimentary lithologies (Figures 19 and
26). But the estimated delivery would be reduced to less than 6  m*/hectare/year if the tills had 90%
ground cover. This amounts to an 80% reduction in the sediment yield from this widespread sediment
source.  Given the number of stream crossings that may exist within aweatershed, the potentia
cumulative benefits over time of increasing ground cover dengity at stream crossings are substantia.

This example is based on predicted sediment yields from granitic filldopes, but-our estimates of road
eroson rates a selected study Stes indicate that roads constructed on sedimentary bedrock in western
Washington have sediment yields that are subgtantialy higher than at granitic sites. Duncan and Ward
(1985) found that basins with high percentages of sedimentary bedrock had higher levels of tine
sediment in salmonid Spawning gravels than watersheds dominated by volcanic lithology, and thet the
amount of tine sediment was more closdly correlated with lithology than with characteristics of forest
roads. They concluded that basin geology and soils could be used to assess the potential sediment
production within awatershed. Our findings show that roads constructed on sedimentary lithology dso
have a greater degree of chronic erosion on cutslopes and fillslopes, as well as a substantially greater
potential for transport and delivery of road sediment to streams (e.g., from relief culverts), as compared

to roads in volcanic areas. So whilethe naturd potentid for sediment production may be higher in
sedimentary areas, 0 is the sediment production from forest practices, and the two are not unrelated.

Research a granitic sites in Idaho has shown that first-year sediment production can be as much as 70%
of the total erosion occurring during the first four years following road congtruction, with much of the
firg-year erosion occurring during congtruction (Ketcheson and Megahan, 1996). Although the general
trend is for decreasing erosion with time since construction, post-construction  filislope erosion has also
been shown to increase in response to intense runoff events (Megahan &  @f, 1992). Fird-year cutslope
erosion can be 10 times the long-term erosion rate, but the post-construction erosion rate may aso

increase in later years as bedrock is exposed to weathering (Megahan et /., unpublished report). This
highlights the need for congtruction phase erosion control, as well as long-term stabilization of exposed
cutslopes and fillslopes in close proximity to streams. These same studies from highly erodible areasin
|daho have shown that erosion control can be effective a the watershed scale as well as a the site scale,
as reflected in the 66% reduction in average annual erosion rates demonstrated for a watershed  where
roads received intensive erosion control practices (Ketcheson and Megahan, 1996).

Active. Haul Road Maintenance Practices

A limited evauation of practices for maintaining active haul roads found that the examples of these
BMPs monitored appear to be effective at minimizing sediment delivery associated with road surface
eroson during light to moderate runoff events. Also, as compared to new road congtruction Sites, erosion
of cutdopes and ditches is not as likely to be a maor source of sediment delivery to streams. The
difference between road prism erosion on newly condructed roads and older, established haul roads is
attributed largely to the flatter topography a mainline haul road sites, and the long-term establishment of
vegetative ground cover a these older roads. It is important to maintain this ground cover as these roads

are managed over time, and to avoid clearing ditches and cutslopes of established vegetation as is
sometimes done when older roads are rehabilitated. The summary of our limited effectiveness evauation
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for active haul roads is presented in Table 10. Two of the four examples are rated indeterminate because
we were not able to sample a significant runoff event.

Table 10: Active Haul Road Maintenance BMP iveness Summary '
Specific - Road | Channel [ = |  Overall

Site ID# BMP 2| Condition

& Name Evaluated i| Survey
O-04: 9000 ML Active Haul Road Maintenance na -
W-04: 1600 ML Active Haul Road Maintenance e
$-01: Camp One Rd Active Haul Road Maintenance n/a’
N-0Z: Pilchuck ML Active Haul Road Maintenance na?

! Effectivness resulls codes: "E" ~Effective; ' | = Indelerminate,
2 Channet Condition Surveys used for descriptive purposes only; not for effectiveness call.

Our sample was too smal to conclusively determine the effectiveness of these practices, especialy
conddering that we were not successful in sampling maor runoff events. Nor isit likely that our limited
observations covered the range of road surface conditions and maintenance regimes that are alowed
under current BMPs. As with other aspects of the forest practice rules, the current BMPs for
maintenance of active roads are in the form of performance standards that are not clear as to what
practices are expected. For example, the roles require that culverts and ditches “shall be kept functiona”
and that the road surface “shall be maintained as necessary to minimize erosion of the  surface and
subgrade’, but this level of maintenance is only required “to the extent necessary to prevent damage to
public resources’. Minimizing sediment production within contributing drainage segments and
minimizing sediment delivery to surface waters are not explicitly included as eements of these
performance  standards.

While we only sampled light to moderate runoff eventsin this preiminary assessment of current road
maintenance practices, other studies have conducted more thorough evaluations of road maintenance
practices and the effects of sediment generated from forest road surfaces under heavy  traffic conditions.
These studies have shown that road surface erosion can be a maor source of fine sediment during certain
traffic and weather conditions. Reid and Dunne (1984) estimated average sediment yields of 500 metric
tons/km/yr for heavy use haul roads in the Clearwater basin on the Olympic Peninsula, which was an
order of magnitude higher than estimated for moderate use roads.  They concluded that sediment
production from such heavy use roads accounted for about 71% of the tota average sediment production
from dl categories of roads, and that sediment from well-armored  roadcuts and ditch erosion on.
established logging roads was arelatively minor component of the total road sediment load. They did
not specifically consider sediment produced from new road condtruction.  Based on obsarvations of
runoff and road drainage routing, they concluded that 84% of the runoff on a typica road surface in their
study area was diverted to inboard ditches where it contributed to a stream in 75% of cases (Reid and

Dunne, 1984).

Another andlysis of sediment generation and delivery to streams from surface eroson on active haul
roads was conducted in two watersheds in southwestern Washington. This study involved intensive
monitoring of traffic and sediment production during a23-week wet weather period at two Steson a
heavy use mainling, valey bottom road (Smilar to haul roads sampled in our study), and three  sites at a
secondary road that was receving heavy use during the monitoring period (Bilby et d., 1989). They
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found a sediment yield of 10 metric tongkm for the secondary road and 26 metric tongkm for the

mainline road over the 23-week monitoring period, with high tempord variahility of sediment production
both within and between individud runoff events. The amount of sediment production on an hourly
bas's varied with traffic levels, and rapid flushing of sediment available for trangport was seen a the
beginning of sorms.  They attributed the large, order of magnitude differences between the sediment

yields they observed and those estimated by Reid and Dunne (1984) to differences in precipitation
characterigtics between the study areas, and possible differencesin traffic levels Bilby et ¢i. (1989) aso
evduated the extent to which forest road drainage is routed to streams by conducting road drainage
inventories in three watersheds in southwestern Washington and in the Cascades of northern Oregon, and
found that 34% of road drainage points had evidence of delivery to a stream channel.  They point out that
70% of the delivered road drainage was discharged to first order channels, 18% to second order channels,
and 12% to third or higher order channels.

Duncan et d. (1987) studied the fate of road surface-generated sediment added experimentaly to small
headwater streams over a limited range of discharge conditions.  The proportion of added sediment that
was transported downstream of the study reaches, versus being deposited within the reaches, varied by
size class of the materia and by discharge regime. They found that less than 45% of the total amount of
added sediment was delivered to the mouth of the streams under the maximum transport conditions
observed (discharges of up to 69% of bankfull flow), with less than 10% of the coarser road sediment
(05 to 20 mm) being transported downstream, over stream distances of about 96 to 124 meters. Their
results suggest that these small streams, while rather steep in terms of average channel gradient, were
trangport-limited over the range of discharges monitored. Duncan et af (1987) did not discuss the
ecologicd or water quaity implications of the 55% or greater proportions of road sediment  that was
apparently deposited on or infiltrated into the bed of these small headwater streams (at least until

bankfull flows could move it downstream). Rather, they considered the benefits of preventing sediment
ddivery to fish-bearing waters downstream. However, given their small size and trangport-limited
nature, such headwater streams may actualy have a lower capacity to assimilate the impacts  that this
sediment deposition may have on resident biota and aquatic habitat ~ within the headwater reaches.

Results from intensve sampling of active haul road runoff indicate thet the primary sediment ddivery
process (i.e., from roads to streams) is supply-limited (Reid and Dunne, 1984; Silby et al, 1989). This
finding, and the fact that estimates of the proportions of logging road systemsthat deliver drainage to
streams ranges from about 34% to 75% of road drainage points (Bilby e  «l, 1989; Reid and Dunne,
1934; Wemple et a. 1996; this study), highlights the importance of maintaining road surface conditions
known to be effective at minimizing the production of tine sediment available for ddivery to sireams (all
water types) from contributing road segments. For active haul roads, these practices include

maintaining a road surface of competent crushed rock that is thick enough to keep fines from the

subgrade from being pumped to the surface for transport via runoff. Burroughs and King (1989) suggest
that road surface sediment production can be reduced by 70% to 92% by using four to six inch lifts of

crushed rock, as compared to untreated controls. They aso estimated that sediment production from a
rutted, unsurfaced road is about two times that of a smooth, unsurfaced road. Descriptions or definition

of functiona road surface trestments, with reference to the goa of minimizing production of fines where
delivery to streams is likely, could be made a part of the applicable performance standard used in the

BMPs. From awater qudity standpoint, maintenance levels on non-contributing segmentsis
inconsequentid o long as road conditions do not contribute to dope ingtahility. Where  maintenance
costs are a limiting factor, it would be advisable to maintain accurate surveys of which road segments
deliver drainage to natural watercourses, so that limited maintenance resources can be focused where

they are most effective.
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Other Forest Practice Rule Considerations

In addition to the operational practices specifically targeted by our field surveys, there are other
designated Best Management Practices contained within the Forest Practice Rules that are more
procedural in nature, yet which have important influences on BMP effectiveness. Among the most
important of these are the water typing definitions and practices. Another important aspect of the current
BMPs that influences their effectiveness is the approach of relying on performance standards to address
certain erosion processes.

Water Typing Practices

As we conducted surveys over the course of the study, we verified water types as needed to have
accurate information for our analyses. Table 11 presents a comparison of our field-verified water types
and the official water types as represented on approved FPAs and/or DNR water type maps. Severa
categories of errors were found. There was an overall error rate of 46%. By water type, we found that
all four of the type 1 and type 2 streams in our sample were correctly typed; 23% of the type 3 streams
were mis-typed (either as 4s or 5s); 42% of the type 4 streams were mis-typed (either as 5s or not typed);
and 58% of the type 5 streams were mis-typed (mostly these were un-typed, but one was mis-typed as a
4). In addition, we found five situations where a typed stream was mapped, but did not exist on the
ground.

Table 11: Summary of Stream Typing Errors at Study Sites.

Total
Number | Number | Number | Number | Number | Number [Number|Number| Percent
Number | Correctly | Mis-typed | Mis-typed | Mis-typed | Mis-typed | Mis-typed Un- of Incorrectly
Water Type|Observed| Typed |as Type1|asType2 |as Type3 |as Typed | as Type 5| typed | Errors Typed
Type 1 Z 2 o | 0%
Type 2 2 2 ’ 0 0%
Type 3 30 23 6 1 7 23%
Type 4 38 22 13 3 16 42%
Type 5 56 28 ' T 37 38 5%
No stream 5 ] 2 3 5 100%
Found
TOTALS 143 7 0 0 a 9 17 40 66 46%

The largest source of errors (61% of al errors) were type 4 and 5 streams that were w-typed and
unmapped on water type maps and FPAs. This type of error is particularly problematic from the
standpoint of water quality protection. The next biggest source of errors were type 3 or 4 streams mis-
typed as type 5, accounting for 2 1% of all errors. Given the fact that so few of the BMPs are currently
applied to type 5 waters, this type of error is of critical importance under current forest practice roles.
We attribute these two largest sources of errors to the use of remote water type mapping techniques with
inadequate ground trothing. Apparently, the default mapping procedures are consistently overestimating
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the drainage area required for stream channel development, as well as for active channel width to reach
two feet or more. This is resulting in many streams not being identified at all (up to 56% of type 5
waters), especialy small streams without well-defined macro-scale valley or channel morphologies.
Also, it does not take much stream length or drainage area in some basins, especialy in high
precipitation areas, for the average stream channel width to exceed two feet, thereby meeting the
physical criteria to be classified at least as a type 4. Another 11% of all errors were type 3 or type 5
streams mis-typed as type 4. Salmonids were observed during our field surveys in most of these type 3s,
but since we did not specifically conduct fish surveys, we are probably underestimating the extent of this
type of error. The remaining 7% of errors were associated with the typing of mapped streams that did
not actually exist on the ground. We attribute this to the use of remote water type mapping techniques,
and FPA submittal without ground-truthing water locations.

Water typing practices are designated as water quality BMPs in the forest practice rules. Proper
application of the water typing practices influences where certain BMPs are implemented under current
rules, and this may affect whether water quality impacts occur in a particular waterbody. For this reason,
and because many of the most effective BMPs are currently only applied to type 1-3 waters, and in some
cases type 4 waters, correct water typing is very important. But whether or not water typing is correct
actudly has little influence over determining the effectiveness of certain BMPs at achieving water
quality standards pertaining to sediment, when such practices are implemented as specified. This is
because essentially the same water quality standards pertaining to sediment-related impacts apply to all
water types. Rather, correct water typing influences the spacial extent of effective application versus no
application for certain BMPs.

In addition to the influence of water typing errors on proper BMP implementation and effectiveness,
there are significant inconsistencies between the water typing approach in the forest practice rules and
the state water quality standards. For example, in the definition of type 4 waters, the intrinsic beneficia
uses of type 4 streams are not recognized, but rather it is stated that “their significance lies in their
influence on water quality downstream in Type 1, 2, and 3 Waters’. And no mention is made of the
water quality significance of type 5 waters in the water type definitions. While protection of downstream
water quality is consistent with the water quality standards, type 4 and 5 waters aso have important
aguatic life functions that must be protected under the water quality standards. Where they are properly
typed as streams without game fish, indigenous biota that rely on the aguatic habitat within type 4 and 5
streams may include various species of aguatically dependent plants, aquatic invertebrates (including
insects, crustaceans, and bivalves), as well as vertebrates, including amphibians and non-game species of
fish. Some of these species may rely exclusively on headwater, type 4 and 5 streams. Within a given
region, the components of these headwater ecosystems will likely vary with whether the flow regime is
perennia or intermittent, but in either case they have high ecological significance for the entire aguatic
ecosystem in terms of the transfer of energy and nutrients.

The significance of type 4 and 5 waters lies in severa areas, including their intrinsic aquatic biota and
habitat values, their influence on downstream conditions, and their extent on the landscape. As pointed
out earlier, type 4 and 5 streams make up over 80% of the linear extent of stream channels in forested
areas of Washington (Pentec, 1991), making them an important area to focus on for providing
management measures aimed at preventing or minimizing sediment delivery to the stream system. In
terms of the question of BMP effectiveness, type 4, and especially type 5, streams are more likely to
come into contact with forest practice operations. For this reason they are more likely to become points
of sediment delivery where localized impacts may occur, and routes of sediment transport to lower
portions of stream basins where cumulative effects may be manifested.
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In their evaluation of the conceptual effectiveness of Washington's forest practice rules,  Pentec (1991)
concluded that the lack of specific gpplicability of many of the forest practice rules pertaining to control
of erosion and sediment delivery to type 4 and 5 streams is a major factor influencing BMP

effectiveness. Furthermore, the lack of recognition of the intringc aguatic resource vaues and

ecological significance of both type 4 and 5 streams in the  water type definitions, as well as the lack of
recognition of the influence of type 5 streams on downstream waters, are factors that hamper BMP
effectiveness by promoting a lack of awareness of the need to prevent sediment delivery and physical
disturbance of these streams. Rather, the forest practice rules should provide a common frame of
reference for acknowledgement by forest practice operators of the significance of the entire agquatic
ecosystem in order to encourage the prevention of both locaized and cumulative effects.

Performance Standards versus Management Practices

There are severd instances where the forest practice rules tend to rely on performance standards to

provide for erosion and sediment control in the absence of specific or genera practices. Further, some of
the performance standards used are ambiguous, yet they appear to rely on a common field interpretation
of current and/or future erosion hazards and sediment delivery potentia, or on a common understanding
of such terms as “adequate outfall protection” and “sgnificant amounts of sediment.”  \While
encouraging innovative solutions to erason and sedimentation control and providing flexibility for
operators is potentialy beneficid, performance standards in and of themselves do not congtitute
management practices, but rather targets or goas. Our observations indicate that current performance
sandards are not effective, or are only patialy effective, a achieving water quality standards and
preventing sediment-related water quaity impacts. We attribute this not to alack of compliance, but
rather to limitations inherent in the ambiguity of certain performance standards. When performance
dandards thet allow awide range of interpretations are used, without specifying a minimum set of
practices expected to achieve the standard, differing interpretations may result in awide disparity of
application with a correspondingly wide range of effectiveness.

Even clearly stated and understandable performance standards may result in ineffective BMP
implementation, if they are unreasonable in terms of what can be achieved with available practices.
Performance standards should not set up unredlistic expectations that misrepresent either erosion and
sediment delivery processes, or the effectiveness of avallable erosion control measures. Even where
practices are available, they may not be known by the operator, leading to a reduced likelihood that even
clearly stated performance standards will be met, if they neglect to specify or suggest practices known to
have a high probability of achieving the standard. We observed that Hydraulic Project Approvals
(HPAs), which are made a part of the FPA in many cases, also have a tendency to rely on performance
standards without specifying or suggesting effective practices.

For example, an HPA issued for a clearcut harvest where type 4 and 5 streams were not proposed to be
buffered, applied a performance standard requiring the operator to  “...ensure that no sSlt enters the water
from these logging operations...“. If no sediment or Sit delivery isindeed the standard, which may not
even be achievable, the HPA probably should have aso specified that ground disturbance not occur
within a certain distance of stream channels. The same HPA did specify particular practices for other
areas of the operation. Another HPA used a standard for culvert congtruction specifying that “the road

till shall be protected as required to prevent eroson’. Thistype of standard could have been effective if
it had instead specified a requirement for construction phase erosion control to be in place by a certain
date, and set atarget for 90% ground cover on culvert tills after the first available growing season. The
choice of practices would still be up to the operator, but the standard  would have at least been
understandable and achievable.
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Conclusions and Recommendations

The case studies of BMP effectiveness and analysis of pooled data from multiple examples of BMP
implementation lead to several conclusions about the effectiveness of these practices at achieving water
quality standards by preventing chronic sediment delivery to streams and avoiding stream habitat
degradation. These conclusions and recommendations are based on an assessment of surface and stream
channel erosion during a period characterized by moderate precipitation regimes, therefore our findings
may not be representative of BMP effectiveness under more severe weather conditions.

Timber Harvest Practices

Streamside buffers (Riparian Management Zones and Riparian Leave Tree Areas), and associated stream
bank integrity practices and BMPs for falling and yarding in the vicinity of type I-3 streams, were
generaly found to be effective at preventing sediment delivery and direct physical habitat impacts to
streams. These practices appeared to be equally effective with both ground-based and cable yarding
methods. A buffer that excludes ground-disturbing activities within about 10 meters of streams would
appear to be adequate to prevent sediment from surface erosion caused by faling and yarding of timber
from reaching streams on most sites. Based on observations of erosion and sediment routing from
several different harvest practices over a range of topographic conditions, in both eastern and western
Washington, the | O-meter setback for ground disturbance would be expected to prevent sediment
delivery to streams from about 95% of harvest-related erosion features. It should be noted however, that
this conclusion applies to our evaluation of sediment routing from surface erosion processes over the
initial two years following harvest, and this buffer width should not be assumed to be adequate for other
long-term functions of riparian buffers, such as maintenance of stream temperatures and large woody
debris regimes that support aquatic habitat needs. Also, wider setbacks for ground disturbing harvest
activities may be needed on portions of harvest sites where steep inner gorges around streams extend
beyond 10 meters slope distance.

The following situations were associated with effective examples of RMZs and RLTAs:
e No-entry buffers.

+ Keeping yarding and falling activities at distances greater than 10 meters from streams and outside of
steep inner gorge areas.

+  Winter-time harvest over frozen ground and/or snow cover (e.g., in the Northern Rockies region),
which minimized ground disturbance from falling and yarding.

The following situations diminished the effectiveness of RMZs and RLTAs:

o Cable-yarding across buffers.

o Crossing buffers with skid trails.

o Chronic delivery of fine sediment to unbuffered tributaries, which tends to circumvent the
effectiveness of streamside buffers at preventing sediment delivery to fish-bearing streams.
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Practices for ground-based and cable yarding in the vicinity of streams without buffers were generaly
found to be ineffective. The average amount of disturbed ground in the vicinity of streams during the
firgt year after harvest was 6% of the area surveyed at sites where buffers were used, but 20% of the area
surveyed at harvest gtes without stream buffers. The average amount of exposed soil per hectare

associated with harvest-attributable erosion features that delivered sediment to streams was an order of
magnitude higher during the first two years following timber harvest at Stes without buffers than a Sites
where stream buffers were used, indicating substantidly higher levels of chronic sediment ddlivery
where buffers were not used. The observed differences in erosion levels between harvest with stream
buffers and harvest without buffers were satigticaly significant at the 99% probability leved for first-
year comparisons, and a the 98% probability level for second-year comparisons.

The following Stuations were associated with effective examples of ground-based yarding without
buffers:

« Patid cut harvests where there was not direct disturbance of stream channels (i.e, no yarding across
streams)

« Winter-time harvest over frozen ground and/or snow cover (Northern Rockies region), where this
prevented soil disturbance from near-stream fdling and yarding.

o Intermittent sreams with discontinuous channgs, where introduced sediment was not routed
downstream and sediment delivery was short-term.

The following stuations were associated with ineffective examples of ground-based and cable yarding
without buffers:

« Yarding andlor faling across or within stream channels and stream banks, or skid trail crossings,
resulting in direct disturbance of sreams.

« Extensve ground disturbance within 10 meters of streams and/or within inner gorge areas, especialy
at clearcut harvests.

Although not gatigtically sgnificant at the 95% probability leve, differences were observed in the
degree of ground disturbance and other indices of erosion and sediment delivery in comparisons between
silviculttural harvest types and between yarding methods. Clearcut harvest sites had higher levels of
ground disturbance than partial cut Sites. Based on erosion surveys conducted during the second year
after harvest, the area of disturbed ground averaged 12% of survey aress &  clearcut Sites, compared to
only 5% of the survey areafor partiad cut Stes, dthough fust-year disturbance levels were smilar
between harvest types. In terms of yarding methods, cable-yarding disturbed an average of 15% of the
ground surveyed, compared to 9% for ground-based yarding, based on fust-year erosion surveys, but
differences were less during the second year following harvests. Harvest types and yarding methods also
differed in terms of the amount of exposed soil associated with harvest-attributable erosion features that
ddivered sediment to streams, which isan indicator of the relative magnitude of sediment ddlivery.
Clearcut harvests produced considerably more exposed soil from delivered harvest erosion features than
partid cut harvests. Cable yarding was found to produce more exposed soil per hectare from harvest
erosion features that delivered sediment to streams than ground-based yarding.
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The primary operationd factors influencing the effectiveness of harvest BMPs were: 1) the proximity of
faling and yarding activities to streams, 2) the presence or absence of stream buffers, 3) the type of

harvest or silvicultural practice; and 4) the method of yarding timber, especialy whether yarding routes
crossed streams. Sediment routing surveys documented 405 individua erosion features a harvest Sites,

and found that 94% of al features that delivered sediment to streams were located within 10 meters of

the streams. By contrast, only 5% of those features located more than 10 meters from streams delivered
sediment.  Sediment routing surveys found a higher frequency of delivery for erosion features at clearcut
harvests than at partid cut harvests, and cable yarding Sites had a substantialy higher frequency of
delivery than ground-based yarding sites. The higher ddlivery frequency for erosion fegtures at cable
yarding sites may be patialy attributable to the steeper ground at some of those sSites, but it is dso
associated with differences in the types of eroson features and the dengity of yarding activitiesin the
vicinity of sreams. Important Ste factors influencing harvest BMP effectiveness were the dengty of
smal streams a harvest stes and loca site topography, especidly inner stream valley Slope angles.

In terms of the physica causes of eroson at dl harvest Sites evauated, timber yarding and faling
activities (outsde of distinct skid trails) accounted for 36% of dl features that delivered sediment to
streams and 25% of the totd area of exposed soil associated with delivered features. Skid and shovel
trails comprised 20% of al individua features surveyed that delivered sediment, but accounted for 54%
of al exposed soil associated with delivered festures. However, while skid trail festures were larger and
accounted for a greater extent of the total exposed soil, this was partly an artifact of the greater

proportion of ground-based sites in our sample. We actually found that yarding erosion features outside
of diginct skid and shovel trails (e, cable yarding scars) were more likely to deliver sediment to
streams. Windthrow features accounted for 25% of al features that delivered, but only 3% of dl
exposad soil from ddlivered festures. Erosion caused by wildlife and livestock contributed relatively
little to the totd extent of sediment delivery. Considering al 405 erosion features documented, eroson
directly attributable to contemporary timber harvest activities accounted for 62% of al features, but 88%
of the total exposed soil area at harvest sites. Harvest-attributable erosion features accounted for 57% of
the 157 erosion features that delivered sediment to streams, but 87% of the totd exposed soil associated
with delivered features.

Stream channel conditions a harvest sites reflected the degree of sediment delivery from near-stream
eroson and direct mechanical channd disturbance. Within streams that were buffered, we found that
overdl channd conditions were not sgnificantly different from unharvested control streams, dthough
we did observe minor increases in stream bank disturbance associated with windthrow. Where type 4
and 5 streams were not buffered, physical impacts to stream channels were sometimes severe, especialy
within ¢learcut harvest units. These impacts included extensive fine sediment deposition and other
streambed changes such as increased streambed mobility, burid of substrates by logging slash, and loss
of pre-existing large woody debris, as well as increased erosion of upper and lower stream banks. The
main causes of stream bank erosion in unbuffered streams were physica disturbance by timber falling
and yarding, as well as scour by flowing water. In buffered streams, most of the bank erosion was
atributed to scour and windthrow, with minor amounts caused by faling and yarding. Stream  bank
erosion surveys found that the average extent of bank erosion in streams unaffected by timber harvest

was about 7% of total bank length, which was lower than the bank erosion rate observed at either
buffered or unbuffered stresms within harvest units.

In contrast to physica habitat surveys, biologica surveys generally did not show corresponding direct
impacts to in-stream organisms over the first one to two years following harvests. Macroinvertebrate
sampling in two streams affected by clearcut harvest found indirect effects in one stream and no
measurable effects in another. Amphibian studies of RMZs, conducted by other researchers at some of
our Study stes, were largely inconclusive due to low numbers of in-stream frogs and salamanders. One
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study of the effects of clearcut harvest with RLTA buffers found decreased tailed frog densities
associated with timber harvesting.

New Road Construction Practices

New road construction BMPs were generally found to be ineffective at preventing chronic sediment
delivery, for practices occurring in the vicinity of streams. We evaluated three different categories of
road construction BMPs: 1) water crossing structures; 2) road drainage design (relief culverts); and 3)
cutslope and fillslope construction.

Water Crossing Structures

BMPs for water crossing structures were rated ineffective or partially effective at 9 of 11 new roads
evaluated. Seventy-four percent of the 42 individual stream crossing culverts evaluated (including two
temporary crossings) were found to be sources of chronic sediment delivery to streams. Eleven culverted
stream crossings at four of the roads were not chronic sources of sediment. One temporary bridge
crossing evaluated at another road was not a source of chronic sediment delivery.

The primary factors influencing the effectiveness of BMPs for stream crossings were the degree of rock
riprap armoring provided to culvert fills, practices used to control construction phase erosion and
promote the establishment of vegetation, and the height of culvert fill sections. The height of culvert fills
is influenced by road location practices and road design conventions. The development of gullies and
small-scale mass erosion processes on some new culvert tills was a major factor associated with chronic
sediment delivery to streams. Focusing erosion control practices at stream crossings, which are a
primary source of forest management-related sediment delivery, is one of the most cost-effective ways to
prevent sediment-related water quality impacts. No catastrophic culvert failures leading to debris flows
were observed at the 40 newly constructed permanent stream crossing culverts evaluated. This indicates
that culvert fills were adequately constructed and stabilized to prevent catastrophic failures during the
early phase of road life, under the conditions of below-average to average precipitation regimes
evaluated in this study. Mass wasting potential is an important road location and design consideration
for high hazard sites (e.g., steep slopes and crossings subject to major peak flow events).

Environmental factors related to bedrock lithology and the climate/precipitation regime at the site
influenced the rate of revegetation and extent of chronic erosion on culvert fills. A greater degree of
moderate to severe chronic erosion was observed at roads constructed on sedimentary and granitic
lithology than at roads built in areas of volcanic or metamorphic bedrock. Eastern Washington areas
with lower average annua precipitation tended to have more moderate to severe chronic erosion on
culvert fills, probably due the lower effectiveness of dry grass seeding as an erosion control treatment at
these sites. The use of mulches in combination with seeding was not commonly applied under current

BMPs.

The following situations were associated with effective examples of water crossings:

Well-armored (e.g., rock riprap) and vegetated culvert fills that received follow-up maintenance; full
coverage of culvert fills with riprap armoring essentially constitutes permanent erosion control.

Road locations that resulted in small fill sections and short fillslope heights, which are associated
with flatter topography.
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The following Situations were associated with ineffective examples of weter crossngs.
« Inadequate armoring of fills with rock riprap.

I nadequate congtruction phase erosion control or vegetative cover on culvert tills, resulting in
chronic surface eroson and/or gullying or doughing of culvert till materid.

Road locations resulting in large fill sections and high fillslope heights, which are more conducive to
gully eroson; this Stuation is associated with steeper hilldope angles

« Culvet placements that destabilized stream channel control elements leading to streambed
erosion/downcutting.

Potentid aguatic life migration barriers associated with hanging culvert outfalis appear to be a
widespread occurrence under current practices for water crossings in non-anadromous streams. Sixty-

five percent of al new permanent stream crossing culverts installed a the new roads evauated in this

study were hanging at the outfall within about two years of road congtruction, with vertica drops ranging
from 0.2 to 2.3 meters. Over hdf of the 40 culverts evaluated had vertical drops of 0.4 meters or greater,
representing potentia outfall barriers to aquetic life. While current practices require maintenance of
streambed integrity on anadromous Streams, the goa of maintaining passage is equdly important for
resident fish, and may be a critical ement of habitat integrity for other aguatic lifeaswel. Current
rules also require that culvert inflows and outflows be constructed a or below the natura streambed
elevation “when fish lifeis present”. However, this requirement aone may not be adequate to ensure
continued fish passage over the long term, particularly if channd erosion and downcutting occur
following road congtruction, and it does not provide for relidble identification of fish migration uses.
Furthermore, in steep stream channels, culverts set at grade may present migration barriers because of

the loss in channel structure (e.g., Streambed roughness elements) needed for fish migration. While not
grictly a sediment issue, this unintended consequence of road congtruction has the potentia to cause

serious adverse effects to aquatic ecosystems.

Road Drainage Design

Road drainage design BMPs, Specificaly practices for locating and ingtaling relief culverts, were found
to be effective a about half of the new roads evelusted.  Practices for drainage relief were rated partialy
effective a a third of the roads, meaning that some relief culverts were chronic sources of sediment to
streams while others did not deliver, and ineffective a one of the new roads evauated. Eighteen percent
of the 49 individud relief culverts evaluated were found to deliver sediment to Streams, with sediment
transport  distances ranging from 11 to 100 meters. Overal, sediment transport distances ranged from
lessthan 0.5 meters to 160 meters consdering al rdlief culverts, including those thet did not ddliver.
Sixty-seven percent of dl relief culverts had new channel development or distinct overland flow
sediment plumes below their outfalls within two years of road construction. The criticd BMP
effectiveness issue for relief culvertsis connectivity between relief drainage discharges and the naturd
stream channel network. In addition to chronic sediment delivery, the routing of road drainage to Stream
channels represents an expansion of the channel network in the affected watersheds. When drainage

from a section of road is routed to a stream, the length of that road segment plus the new drainage route

is effectively added to the watershed channel network. This can change important characteristics that
affect how the watershed responds to runoff events, and can lead to increased peak flows and associated
eroson in headwater Streams.
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Sediment transport distance was found to vary with differences in lithology and, to a lesser extent, with
cimate. Road drainage Stesin aress of sedimentary lithology had more frequent channd initiation and
longer sediment transport distances downdope of relief culverts.  On volcanic bedrock, the frequency of
channel initiation was subgtantidly lower over the first two years following road construction, and
sediment transport distances were shorter.  Granitic Stes had intermediate levels of sediment transport
below rdief culverts Only two relief culverts were evaluated on metamorphic bedrock, and sediment
trangport distances for these tended to fit with the distribution for sedimentary sites.

The primary road design factors that influence sediment trangport distance downdope of relief culverts
are drainage distance and vertical spacing between culverts. Road gradient was aso important for
granitic Stes and sites with low precipitation regimes. Hilldope gradient was found to be a sgnificant
ste factor for roads built on volcanic lithology, dthough our sample was generdly limited to Steswith
low to moderate hilldope angles below rdief culvert discharges. Hilldope stegpness may be more
important factor influencing sediment trangport and delivery for roads built on steeper Stes. A smple
culvert spacing parameter, based on the road distance between sequentiad culverts, was not significantly
correlated with sediment transport distance and was a weak predictor of drainage distance and vertical
spacing. The longest sediment transport distances and instances of delivery to streams tended to be
associated with relief culverts that had drainage distances over 110 meters  and/or verticd spacings
greater than 10 meters. Current culvert spacing practices would alow much greater drainage distances
and vertical spacings, and are not advisable for relief culverts within 150 meters dope distance of
Streams.

The following Stuations were associated with effective road drainage rdlief practices
Road locations resulting in greater distances between relief  outfalls and streams.

«  Sediment traps and energy dissipation, where used at relief outfalls to prevent channd initiation and
downdlope  sediment  transport.

« Aressof volcanic lithology, which had fewer instances of channd initiation below relief culverts and
generdly had shorter sediment transport distances; this was especidly true for stes where hilldope
gradients below the road were 20% or less, and sites in the Southern Cascades region.

The following Situations were associated with ineffective road drainage relief practices:

Road locations resulting in close proximity of relief outfalls to streams, especialy where channel
initigtion occurred.

o Inadequate energy dissipation and/or armoring of outfall areas for discharges to  erodible oils.
+ Plugging and/or by-passing of upgradient relief culverts, resulting in increased drainage area.
« No use of sediment traps or inadequate sediment traps

« Aressof sedimentary lithology were more likely to have channd initiation below rdief culverts, and
generally had longer sediment transport distances.
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Road location relative to stream location is the primary factor determining the effectiveness of road
drainage BMPs. Where sufficient separation between the road and stream can be maintained (greater
than about 150 meters dope distance), sediment delivery is unlikely. Where road location relaive to
streams can not be used to prevent sediment and drainage delivery to streams, then sediment transport
below reief culverts must be managed through the use of other practices, including more frequent
culvert spacing, sediment trapping, and energy disspation. For relief culverts located within adope
distance of about 90 meters from stream channels, sediment traps and energy dissipation or flow
spreading measures are needed to have a high confidence of preventing delivery of road  drainage and
sediment to the stream system.  Slash piles and berms used alone were not found to be reliably effective
a reducing or preventing downsdlope sediment transport from concentrated drainage discharges, because
they were often undercut or bypassed by channelization. The 90-meter setback distance for requiring
additiona sediment control practices is based on sediment transport distances observed for the moderate
hilldope angles evauated in this study. For steeper sSites, preventative practices may be needed at
greater  distances.

The finding that sediment transport below relief culverts varies according to lithology suggests that it
may be gppropriate to use different drainage design guidelines for roads built on different lithology
types. Continuing to vary drainage design guidelines by climate regions (eg., eastern versus western
Washington, asin the current rules) may aso be judtified, athough lithology appears to have a stronger
influence than dlimate. To some extent, the location of different lithology types in Washington
corresponds with the different climate regions. Also it should be kept in mind that within the broad
lithology types referred to in our analyses, there can be important local variaions in soil erodibility that
need to be accounted for. For example, the volcanic lithologies sampled in this study, which’had less
instances of downdope sediment transport and shorter sediment transport distances in many cases,
represent  volcanics in the Southern Cascades region and the eastern parts of the Olympic Peninsula and
Willgpa Hillsregions. In certain other areas of Washington, such as the southern coast,  volcanic-
derived soils are known to be highly erodible.

Cutslope and Fillslope Construction

BMPs for congruction and stabilization of cutdopes on road segments draining to streams were

generdly found to be ineffective or only partidly effective at preventing chronic sediment ddlivery to
streams. Filldope congtruction, on the other hand, was rated effective a 9 of the 11 new roads evaluated.
Because filldopes were rated effective if chronic sediment delivery was limited to the immediate area of
the till over the stream crossing culvert (which is consdered separately in this evaluation), road location
in relaion to the stream was a mgor factor influencing the effectiveness of fillslope construction
practices. Slash berms were generaly effective at trapping sediment from  fillslope erosion where there
was no gullying or chenndl initiation. Slash berms were not effective at trapping sediment from
concentrated discharges from relief culverts, waterbars, or filldope gullies.

The effectiveness of road construction practices are influenced by steps taken to control construction
phase erosion on exposed soils and  speed revegetation of cut and fill dopes, and to control ditch erosion.
The development of gullies on cutdopes and in ditches was a mgor factor associated with chronic
sediment delivery from the road prism. Current BMPs for congtruction phase erosion control rely on a
performance standard that is ambiguous as to Stuations where erosion control is required and what
techniques are considered adequate. Furthermore, the performance standard referring to stabilization of
exposed soils with potentia to deliver sediment to streams does not apply to type 5 streams, which are
the most frequent Sites for sediment ddivery.
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Hydromulch with grass seeding was effective at increasing ground cover at some sites, but could not
control gully erosion. The majority of road construction sites relied on natural revegetation or grass
seeding without mulching techniques. This was generaly not effective in preventing chronic sediment
delivery to streams, because sediment generated during the construction phase as well as continuing
erosion of unvegetated cutslopes and ditches within contributing drainage segments is routed directly to
streams in most cases. Bedrock lithology and precipitation regimes were environmental factors
influencing revegetation rates and the extent of chronic erosion of cutsiopes. In terms of lithology,
metamorphic sites had the highest levels of revegetation on cut and fill slopes by the second year of road
life, followed by volcanic sites, sedimentary sites, and granitic sites. In terms of climate effects,
revegetation was substantially slower at roads within the low precipitation regime (most of eastern
Washington) than at sites within the high precipitation regime. Roads with steeper cutslope angles and
higher cutslope lengths, both associated with steeper hillslopes, had higher levels of chronic cutslope
erosion.

Localized sediment delivery ratios for cutslope erosion varied among sites, but would be expected to
ultimately approach 100% for material delivered below the toe of the cutslope for most contributing
drainage segments of in-sloped roads. This is because drainage ditches route the eroded materia directly
to stream crossings, although storage within ditches may occur temporarily. Fortuitous local topographic
and soil conditions that promoted infiltration of ditch flow or resulted in sediment trapping influenced
BMP effectiveness at some road segments, by preventing direct sediment delivery to streams via ditch
flow. Rocking of ditches was used at one of the new road segments evaluated, and this was effective at
preventing chronic sediment delivery. Rocking ditches provides a roughness element to reduce the
erosional and transport energy of ditch runoff, and works through a combination of preventing ditch
erosion and filtering material delivered to the ditch from cutslope erosion. For any given combination of
erosion rates and localized sediment delivery ratios, the magnitude of sediment delivery will be
proportional to the length of the contributing road drainage segment. However, the potentially effective
BMP that limits the length of direct ditchline drainage at stream crossings is not applied to type 4 and 5
waters, which limits its ability to minimize sediment delivery to the stream system since most water
crossings are of type 4 and 5 streams.

The following situations were associated with more effective cut and fill slope construction practices:

+ Grass seeding combined with hydromulching and follow-up attention (this was only effective where
gullying and sloughing did not occur).

Rocking of ditches to control ditch erosion and trap sediment.
+ Road locations that took advantage of topography (e.g., low gradient roads and ditches) and soil
conditions that promoted ditch infiltration, and/or provided natural sediment traps that prevented

concentrated discharges to streams.

+ Road locations that resulted in short cutslopes; one very moist site with short cutslopes had rapid
natural revegetation.

+ Road locations resulting in greater distances between filldopes and streams.

Page 109



The following Stuations were associated with ineffective cut and fill dope congtruction:

«  Siteswhere gullying and/or small-scale mass erosion (le,, doughing) of cutdopes occurred;
anytime gullies developed on cut or fill dopes, they became chronic erosion sites and prevented the
establishment of ground cover.

+ Reying on natura revegetation or grass seeding without mulching or follow-up attention, especidly
on drier Stes.

+ Digturbance of cutdopes during logging operations.

« Stuations where road surface runoff or ditch flow was diverted across the road and  filislopes,
because of excess cutslope eroson delivered to inadequately sized or maintained ditches, inadequate
indoping on approaches to dtreams, and/or waterbars.

Lack of flow and sediment control leading to gullying within ditches.

Road locations resulting in fillslope condruction in close proximity (eg., 15 to 20 meters) to
sreams, especidly small streams running parald to the road.

Road locations (e.g., steeper hilldope positions) which resulted in large fill sections or high cutdopes
and steeper cutstope angles; in generd, the longer thefill or cut dopes, the grester the chance of

gullying or dumping.

The erosion and revegetation trends we observed are consistent with the findings of other studies, which
indicate that erosion of new road Sites decreases over time, but we aso found that revegetation does not
proceed rapidly at most Sites under current BMPs. Increasing ground cover dengty following
congruction is the key to minimizing chronic sediment ddivery from stes with the potentid to deliver to
dreams, such as contributing road drainage segments and water crossings. The goas for effective BMP
combinations on contributing drainage segments of roads should be to: 1) decrease the pesk erosion rates
and shorten the time to revegetation through construction phase erosion control; and 2) keep long-term
erosion rates as low as possible by maximizing vegetative cover or armoring exposed soils, and by
avoiding or mitigating Ste hazards and erosion processes (e.g., gullying) that can lead to chronic
sediment  sources.

Our observations indicate that current BMPs are not resulting in the use of eroson control and soil
gabilization practices known to be effective at minimizing sediment production from contributing road
segments.  We attribute this to the ambiguity of performance standards for stabilization of road
congtruction siteswith the potentid to deliver sediment to streams, and the fact that many important
BMPs are not goplied to type 5 streams. It should be understood that where we indicate more effective
erosion control practices are needed to achieve BMP effectiveness, these additional and potentialy more
costly practices apply specifically to road segments that drain to streams either directly via ditches or
potentidly via drainage rdlief discharges. Therefore, the additiona costs associated with such practices
can be minimized through careful road location and drainage design.
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Active Haul Road Maintenance Practices

A very limited evauation of practices for maintaining active haul roads suggests that these BMPs may be
effective at minimizing sediment ddlivery to sreams during light to moderate runoff events.  However,
we did not sample the likely range of weather and road surface conditions which would be necessary to
reach firm conclusons regarding BMP effectiveness. We did observe that well-maintained active haul
roads generate much less sediment from cutslope and ditch erosion, as compared to new road

condruction. This difference is atributed largely to the flatter topography a mainline haul road sites and
the long-term establishment of vegetative ground cover at these older roads. Given the potentia for
chronic sediment delivery from inadequately surfaced haul roads, practices that are known to be effective

a preventing fine Sediment generation on haul road surfaces should be gpplied on dl contributing
drainage  segments.

Other Practices

Water typing practices influence BMP effectiveness by determining where certain practices are applied
within the current hierarchica system of resource protection in the forest practice rules. Based on our
assessment of water typing errors, it appears that most streams are not field checked to verify water types
prior to road congruction and timber harvest operations, leading to a number of errors in BMP application
associated with mistyped streams. The proportion of water typing errors is highest for those streams that
are currently mapped as type 5, and those which are not mapped at al. It appears that the defauit
procedures for water type mapping consistently over-estimate the drainage area required for stream
channel development and for active channel width to meet the criteria for type 4 waters (two feet in
width), and are not accuratdy identifying the point in the sream system where the trangtion from type 5
to type 4 (or type 3) occurs. Also, because many type 5 streams and small type 3 and 4 streams in some
areas do not have distinct macro-scale channel and stream valley morphologies, they cannot be reliably
mapped by remote sensing techniques. For these reasons, the only way to ensure correct identification of
water types in many areas is by ground truthing, using default mapping procedures as a arting point.

Current water type definitions are inconsstent with water quality standards because the beneficid uses of
type 4 and 5 streams are not acknowledged., which contributes to a lack of recognition of the aquatic

resource values of these waters by operators in the field.  Related to this issue of the water type

definitions, is the current gpproach within the forest practice rules of limiting the gpplicability of certain
practices intended to prevent sedimentation to only type 1-3, and in some cases, type 4 streams. This
diminishes the effectiveness of many BMPs, because of the greater frequency with which forest practices
interact with type 5 streams as compared with other water types. Preventing sediment delivery to type 4

and 5 streams is important  for two reasons. 1) to prevent sediment impacts to the intrinsic aguatic
communities and habitats within the type 4s and 5s; and 2) to prevent the routing of delivered sediment
downstream where additiond sensitive aguatic uses could be effected.

The current forest practice rules rely heavily on performance standards, with minima use of specific
practices or management measures known to be effective a preventing sediment-related water quality
impacts. This is especidly true for road construction practices related to construction phase erosion

control. Some of these performance standards rely on a common understanding of certain erosion or
sediment delivery processes, or current and/or future Ste hazards, which is unlikely to be achieved given
the diversity of training and experience among people who must apply the BMPs. Furthermore, some of
the performance standards are ambiguous as to what is required, and/or misrepresent the effectiveness of
suggested practices. This results in incongstent interpretation and gpplication of available management
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practices. The use of peformance standards, without providing for a minimum set of practices expected
to meet the standard, has not proven to result in achievement of the performance standards based on
follow-up compliance monitoring. For performance standards that are ambiguous, this may be associated
primarily with differences between interpretations made a the time of implementation and those made
during later compliance monitoring. Our observations indicate that many of these performance standards
are not effective at preventing sediment-related water quality impacts. We attribute this not to alack of
compliance, but rather to limitations inherent in some of the performance standards as currently written.

Recommendations

One of the objectives of this project was to recommend changes to improve BMP effectiveness, where
practices were not found to be effective. It is not within the scope of this project to recommend a
comprehensive lit of specific rule changes or detailed management practices. However, our findings
indicate that changes are needed to improve BMP effectiveness, and the highest priority issues are
addressed in our recommendations. The recommendations below represent changes that would have a
high confidence of improving BMP effectiveness a meeting water qudity standards and preventing
sediment-related water quality impacts from surface and channel erosion. These recommendations are
intended as a starting place for discussions about ways to improve the  BMPs. They should be considered
as to their operational feasibility, and compared to aternative approaches that have been shown by
experience and research to be effective at preventing sediment-related water quality impacts. In deciding
which changes to implement, it should be kept in mind that, while different practices affect different
erosion processes, the BMPs function as a system, and neglecting to implement or improve certain
aspects of the system could inadvertently circumvent those aspects that are implemented.

There are various sources of information on practices available to prevent sediment impacts from forest
road and harvest activities, which may be consulted in determining which BMP changes to implement.
After conducting an evauation of the conceptud effectiveness of current forestry BMPs in Washington
(circa 1991), Pentec (1991) made 45 specific recommendations for improving the efficacy of the forest
practice rules pertaining to sediment impacts. They aso provide agood review of published studies of
the effectiveness of various sediment control measures, and cite various techniques for reducing erosion
on road cutsopes, as well as measures to reduce the risk of road-related landdides and sediment impacts
from harvest operations. Burroughs and King (1989) provide a thorough discussion of the effectiveness

of measures for reducing erosion on road till and cut dlopes, and Megahan et a. (1992) present the
results of a codt-effectiveness analysis for many of these same erosion control measures. A thorough
summary of available forestry BMPs, with recommendations for minimum practices, many of which
pertain to preventing sediment impacts, has been compiled in a guidance document by EPA (1993). In
summary, much is known about how to prevent sediment-related water quality impacts.

In making decisions regarding BMP changes, having a high confidence of achieving the water qudity
gods should be a primary consideration. These gods include mesting narrative water qudity criteria that
prohibit actua or potentiad adverse impacts to agquatic life and other beneficia uses of water, as well as

the pollution prevention gods embodied in the anti-degradation provisons of the water quaity standards.
The anti-degradation provisions applicable to most forest lands are not zero-tolerance for erosion and
sediment delivery. However, these provisons do require that al available practices known to be
effective a preventing the degradation of biological and physicd integrity (as may be caused by chronic
sediment delivery or direct disturbance of aquatic habitat) be applied, so long as they are reasonable.

Only after this test is met, and the activities and associated water quality degradation are demonstrated to
bein the overriding public interest, can limited sediment impacts be allowed. In cases where limited
degradation is alowed, al water uses must be supported. And while the consideration that  BMPs be
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reasonable implies a comparison of costs and benefits, experience has shown that the cost of preventing
degradation is ultimately less than the cost of restoring degraded ecosystems.

The recommendations presented below are numbered for ease of reference, and the numbers are not
intended to imply priority. These recommendations are provided to address high priority BMP
effectiveness issues identified by this study, and are arranged according to general BMP categories.

1. A buffer or streamside management zone of at least 10 meters should be maintained on all streams, in
order to avoid chronic sediment delivery and direct physical disturbance of streams from harvest-
related erosion. Ground-disturbing activities should be excluded from the lo-meter zone except for
selective, directiona tree falling. Yarding activities that expose soils to erosion or cause direct
channel disturbance should be avoided within this zone.

2. Where crossings of RMZs, RLTAs, or other streamside buffers are necessary for cable yarding or
ground-based yarding, these should be limited to areas where inner stream valleys and stream channel
cross-sections have the most gentle slopes, except where steeper slopes better facilitate full
suspension of logs for cable yarding. Steps should be taken to revegetate exposed soil within 10
meters of the stream following the completion of crossing activities. For cable yarding, full
suspension of logs should be used within the lo-meter zone. For ground-based yarding, shovels or
other equipment that can achieve full or partial suspension of logs should be used within the 1 O-meter
zone.

3. Many of the specific practices and performance standards for felling, bucking, and yarding timber,
and for slash disposal and post-harvest site preparation, which are currently applied only to types I-3
and in some cases type 4 waters, and that are effective at preventing chronic sediment delivery and
stream channel erosion, should be applied to all streams.

4. Armoring should be required for culvert fills at stream crossings, on both the inflow and outflow side
of theroad. Armoring with rock riprap is probably the most effective way to prevent erosion of
stream crossing tills. Effective construction phase erosion control measures should be applied to
portions of all stream crossing fills that are not armored with riprap, to minimize sediment delivery
prior to the establishment of vegetative cover, and to promote revegetation. Special attention to
armoring and revegetation is needed on fills greater than three meters high to prevent gullying and
mass erosion, because there is a higher potential for these erosion processes on longer till slopes. In
al cases, the height of culvert tills should be minimized through careful selection of crossing
locations and road designs that allow the road to dip at stream crossings. These recommendations
apply to all water types.

5. The extent to which stream crossing culverts become migration barriers to resident fish and other
aquatic life should be thoroughly investigated in terms of the potential for widespread impacts to
aquatic ecosystem integrity. If adverse ecosystem effects identified, practices to minimize or mitigate
effects and alternative stream crossing techniques should be considered. As a preventative measure,
aternatives to culverted crossings of steep streams should be fully evaluated and promoted. Such
alternatives include temporary or permanent channel-spanning bridges, use of temporary culverts
followed by channel restoration, and road location practices and logging systems that avoid the need
for road crossings of steep stream sections.

6. Road location practices should minimize the length of new roads within about 150 meters slope
distance of any stream channel, in order to minimize the integration of road drainage with the stream
system and prevent chronic sediment delivery. The location of small streams that may parallel the

Page 113




road alignment should be verified on the ground. Current practices specifying maximum spacing of
relief culverts should be revised for road segments within about 150 meters of any stream channel.
Spacings that do not exceed about 110 meters drainage distance and/or 10 meters vertical spacing, in
consideration of local drainage divides, would appear to be appropriate for most near-stream roads.
More frequent drainage relief may be needed on steeper sopes.

7. Where relief culverts or water bars discharge within about 90 meters of any stream channel,
adequately-sized sediment traps and measures for energy dissipation and/or flow spreading should be
applied to the discharge, to prevent the road drainage from integrating with the natural stream network
via either overland flow or channel development below the road. Appropriate setback distances for
requiring these practices may vary with different lithology types and/or other factors such as slope
steepness. Sash piles or berms alone are not adequate to prevent gullying and channel development
from concentrated discharges such as relief culverts and waterbars. Recommendations from other
TFW-sponsored studies regarding the use of drainage area-slope thresholds to design the spacing of
drainage relief (e.g., Montgomery, 1994) should be evaluated for incorporation into the BMPs.

8. Standard BMPs should include measures to control construction phase erosion and speed the
establishment of vegetative cover on newly constructed cutslopes and ditches within the contributing
drainage segment to stream crossings. This should be applied regardless of water type. The
performance standards that apply to erosion control and soil stabilization should be clarified to require
construction phase erosion control on contributing road segments, especiadly in the immediate vicinity
of stream crossings, and this should not rely primarily on dry grass seeding where other practices are
known to be more effective. Rock riprap or other erosion control measures should be applied to ditches
in highly erodible soils, and sediment traps or check dams should be incorporated into ditches and
maintained to store cutslope material eroded during the construction phase, especially where gully
development or sloughing of cutslope material is a known problem. These recommendations apply
specifically to those segments of roads with the potential to deliver to streams, not to the entire road.

9. As a general recommendation, performance standards and practices for stabilization of soils in the
vicinity of type I-4 streams, for keeping sidecast and construction spoils out of type 1-4 waters, and
for diversion of roadside ditches that discharge to type I-3 streams, should be applied to all water
types in order to prevent or minimize chronic sediment delivery from forest roads.

10. Performance standards that are realistically achievable should be used to set goals for practices, but
should not be solely relied upon to achieve the water quality goals. Ambiguous performance
standards should be avoided. Where used, performance standards should be accompanied by a set of
minimum management practices expected to have a high confidence of achieving the performance
standard. Operator flexibility and innovation can be provided for by alowing aternate practices with
equal or greater effectiveness.

11. More reliable practices for identification and classification of waters in the vicinity of forest practices
should be implemented. Relying on default mapping procedures is generally not adequate, especialy
for the smallest streams. For some forest practice sites, field verification may be the only way to
adequately identify all streams. Water typing definitions should be made consistent with the
beneficial use provisions of the water quality standards. Specifically, water type definitions and
practices for type 4 and 5 streams should recognize the intrinsic aquatic resource values of these
waters, in addition to the important role they have in erosion and sediment transport processes and
their influence on downstream ecosystems and water quality. Given the wide range of habitat
characteristics and functions of headwater streams, a one-size-fits-al approach to classifying type S
streams is probably not appropriate.
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Road Construction and Maintenance—7/95 Chapter 222-24

Chapter 222-24 WAC
Road Construction and Maintenance

J#RW A C
222-24-010 Policy:
222-24-020 Road location.
222-24-025 Road design.
222.24.030 Road construction.
222-24435 Landing location and construction.
222-24-040 Water crossing structures.*
222-24-050 Road maintenance.*
22224060 Rack quaries, gravel pits,  borrow pits, and spoil disposal  areas.*

Note  Rules marked with an asterisk  (*} pertain 0 water quality protection and are
co-adopted by the Department of Ecology, per WAC 222-12-010.

WAC 222-24-010 Policy.
‘() A wel designed, located, condtructed, and maintained system of foret roads
is essential to forest management and protection of the public resources.
Riparian arcas contan some of the more productive conditions for growing
timber, are heavily used by wildife and provide essential habitat for fish and
wildiife and essentia functions i the protection of water quaity. Wetland
aregs Serve several significant funetions in addition to timber production:
Providing fish and wildife habitat. proteeting water quality, moderating and
preserving water quantity. Wetlands may also contain unique or rare
ecologicd  systems.
*(2) All road and landing econstruction within wetlands shdll be conducted so that
choices are made in the following descending order of preference
(@ Avoid impacts by sdlecting the leat  environmentally damaging landing
location, mad location and road |ength, or

(b) Minimize impacts by such things a8 reducing the subgrade width, fill
acreage and spoil areas; or

(c) Restore affected areas by removing temporary tills or mad sections
upon the completion of the project; of

(d) Reduce or eliminate impacts over time by preserving or maintaining
areas, of

(0 Replace affected areas by cregting new wetlands or enhancing existing
wetlands.

*(3) A" accurate delineation of wetland boundaries shall not be required under

i this seetion eXCept where necessary 10 determine acreage of road or landing
congtruction which fills or drains more than 0.5 acre of a wetland. Landown-
ers are encouraged to voluntarily increase wetland acreage and functions
over the long-term.

® (4 Extra protoction is required dunng mad congtruction end maintenance to
protect these resources and timber growing potential. Landowners and
fisheries and wildlife managers are encouraged to cooperaie to develop road
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management and abandonment plans. Landowners &re further encouraged
fo coopetate in sharing roads to minimize road mileage and avoid duplicative
mad  congtruction.

#(5) Thissection coversthe location, design, construction, maintenance and
abandonment of forest roads, bridges, stream crossings, quarries, botfow
pits, ad disppsal sites used for forest road construction and is intended to
assst landowners in proper road planning, construction and  magintenance so
as {0 protect public resources.

Note: Other laws and regulations andfor permit requirements may apply. See

chapter 222-50 WAC. !

Essential rosd construction will be accomplished by end hauling, over
hauling, or other specid mad construction techniques unless the department
determines there is potential for damage to public resources under WAC
_ 222-16-050 (1)e).
WAC 222-24-025 Road design.
(1) Use the minimum design standard that produces g road sufficient to carry the
anticipated fraffic oad with reasonable safety.
*(2) Subgrade width should average not more than 32 feet for double lane roads
and 20 feet for sngle lane roads, exclusive of ditches, plus any additiona

WAC 222-24-020 Road lecation.
(1) Fit the toad to the topography so that & minimum of alterations to the natural
features will occur.
*(2) Minimize roads along or within narow canyons, riparisn management
zones, wetlands and wetland management zones.

(a) Except when crossngs are necessary, roads shal not be located within
natural drainage channels and riparian management zones when then
would be substantial loss or damage to wiidlife habitat unless the
department has determined that alternatives will cause greater damage
to public resources.

(b) Roads shll not be located in wetlands when there would be substantial
loss or damage to wetland functions or acreage unless the depariment
has determined that alternatives will cause greater damage te public
fesources, .

(c) Approximate determination of wetland boundaries shell be required for
the purpose of avoidance during design and construction of raads.
Landowners should attempt to minimize road length concurrently with
the attempt to avoid wetlands. Delineation shall be required to
determine the length of road constructed within a wetland in order to
determine  acreage When replacement by substitution or enhancement
of a wetlend is required. The requirement for accurate delineation shall
be limited tq the area of the wetland proposed to be filled.

width necessary for safe operations on curves and turnouts. Where road
location in wetlands is unavoidable (see WAC 222-24-010(2)), minimize
subgrade width.

(3) Balance excavation and embankmentsso that as much of the excavated
materidl a8 is practical will be deposited in the poadway fifl sections. When
full bench congruction is necessary, design suitable embankments so that
the excavated material may be end hauled to appropriate deposit areas.

(4) Designor construet cut and fill slopes to the normal angle of repose for the
materials involved, or at a lesser angle whenever practical.

0 () All roads should be outstoped or ditched on the uphill side and appropriate

surface drainage shall be provided by the use of adequate cross drains,
ditches, drivable dips, relief culverts, water bars, diversion ditches, or other
such structures demondrated to be equaly effective

¥ (§ Cross drains, relief culverts, and diversion ditches shdl not discharge onto

etodible soils, ot over till slopes unless adequate outfall protectionis
provided.

*(7) Indtdll cross drans, culverts, water bars drivable dips, or diverson ditches

on all forest roads to minimize erosion of the road bed, cut bank, and fill
slope, or to reduce sedimentation of Typel, 2.3 or 4 Waler. Cross drains
are required in wetlands to provide for continued hydrologic connectivity.
These dranage structures shall be indtalled at aft patural drainages, dl low
points: in the mad gradient and spaced no wider than as follows:

*(3) Minimize the number of stream crossings. Distance Distance
*(4) Whenever practical, cross streams at right angles to the main channel. Grade Westside Eastside
(5) Avoid duplicative roads by keeping the total amount of construetion toa Oto 7% 1,000 ft. 1,500 ft.
minimum. Use existing roads whenever practicat and avoid isolating 8% to 15% 800 ft. 1,000 fL
patches of timber which, when removed, may require unnecessary road over 15% 600 ft. 800 ft.

construction.

‘(6) Where fersible, do not Jocate roads on excessively steep or unstable slopes
or knewn Slide proneareas as determined by the department, The depart-
ment shall determine whether slopes an unstable using available soils
information, or from evidence of geologically recent slumps of slides, ot
where the natural slope exceeds the angle of repose for the particular soil
types present, OF Where springs or - seeps may indicate unstable conditions are
present in or above the contruction Site.

24-2

More frequent culvert Spacing or other drainage improvements are requircd
where site specific evidence of peak flows or soil instability makes addi-
tional eulverts necessary to minimize erosion of the mad bed, ditches, cut
bank, and till dope to reduce sedimentation of Type 1,2, 3 or 4 Waers or

within wetlands or fo avoid unreasonable risk to public resources. See
‘Additional culvert spacing recommendations™ in the forest practices board
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*(®)

*9)

manual. On request of the applicant, the department may approve less

frequent drainage spacing where parent material (e.g. rock, gravel) or

topography justify.

Relief culverts installed on forest roads shall meet the following minimum

specifications: ’

(a) Be at lcast 18 inches in diameter or equivalent in western Washington
and 15 inches in diameter or cquivalent in eastern Washington.

(b) Be instalied sloping toward the outside edge of the road at a minimum
gradient of 3 percent.

Ditch diversion. Where roadside ditches slope toward a Type 1,2, 3 Water,

or Type A or B Wetiand for more than 300 feet and otherwise would

. discharge into the strcam or wetland, divert the ditchwater onto the forest

*(10)

“floor by relief culvert or other means at the first practical point.

Filling or draining more than 0.5 acre of a wetland requires replacement
by substitution or enhancement of the lost wetland functions and, for creation
of new wetlands, arca. See the Board Manual. Where creation of new
wetlands is proposed, the objective of successful replacement by substitu-
tion of lost wetland area shall be on an acre for acre basis and of the same
type and in the same general Jocation. Where replacement by enhancement
of wetlands is proposed, the objective shall be to provide for an equivalent
amount of function to replace that which is lost.

WAC 222-24-030 Road construction.

(1

*(2)

(3)

Right of way timber. Merchantablc right of way timber shall be removed
or decked in suitable Jocations where the decks will not be covered by fill
material or act as support for the fill or embankment.

Debris burial '

(a) In permanent road construction, do not bury:

(i) Loose stumps, logs or chunks containing more than 5 cubic fect in
the load-bearing portion of the road, except as puncheon across
wetlands or for culvert protection.

(ii) Any significant amount of organic debris within the top 2 feet of
the load-bearing portion of the road, except as puncheon across
wetlands or for culvert protection.

(ii1) Excessive accumulation of debris or slash in any part of the load-
bearing portion of the road fill, except as puncheon across wet-
lands or for culvert protection. :

(b) In the cases where temporary roads are being constructed across known
areas of unstable soils and wherc possible construction failure would
directly impact waters, the requirements in (8), (@), (ii) and iii) of this
subsection shall apply. A temporary road is a roadway which has been
opened for the purpose of the forest practice operation in question, and
thercafier will be an inactive or abandoned foad.

Compact fills. During road construction, fills or embankments shall be built

up by layering. Each layer shali be compacted by operating the tractor or
other construction equipment over the entite surface of the layer. Chemical

compacting agents may be used in accordance with WAC 222-38-020.

. 24-4
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*(5)

“©)

*M

*(8)

*()

Stabilize soils. When soil, exposcd by road construction, appears to be
unstable or erodible and is so located that slides, slips, slumps, or sediment
may reasonably be expected to enter Type I, 2, 3 or 4 Water and thereby
cause damage to a public resource, then such exposed soil areas shall be
sceded with grass, clover, or other ground cover, or be treated by erosion
control measures accepiable to the department. Avoid introduction of
nonnative plant species, as listed in the board manual, to wetlands and
wetland management zones.

Channel clearance. Clear stream channel of all debris and slash generated

during operations prior to the removal of cquipment from the vicinity, or the

winter scason, whichever is first. ’

Drainage.

(a) All required diiches, culverts, cross drains, drainage dips, water bars,
and diversion ditches shall be installed concurrently with the construe-
tion of the roadway.

(b) Uncompleted road construction to be left over the winter season or other
extended periods of time shall be drained by outsloping or cross
draining. Water bars and/or dispersion ditches may also be used to
minimize eroding of the construction area and stream siltation. Water
movement within wetlands must be maintained. .

Moisture conditions. Construction shall be accomplished when moisture
and soil conditions are not likely to result in cxcessive erosion and/or soil
movement, so as to avoid damage to public resources.
End haul'sidecasts. End haul or overhaul construction is required where
significant amounts of sidecast material would rest below the 50-year flood
level of a Type 1, 2, 3, or 4 Water, within the boundary of a Type A or Type
B Wetland or wetland management zones or where the department deter-
mines there is a potential for mass soil faiture from overloading on unstable
slopes or from erosion of side cast material causing damage to the public
resources.
Waste disposal When spoil, waste and/or other debris is gencrated during
construction, this material shall be deposited or wasted in suitable areas or
locations and be governed by the following; '
(2) Spoil or other debris shall be deposited above the 50-year flood level
of Type 1,2, 3, or 4 Waters or in other Jocations so as to prevent damage
to public resources. The material shall be stabilized by erosion control
measures as necessary to prevent the material from entering the waters.
Al spoils shall be located outside of Type A and Type B Wetlands and
their wetland management zoncs. Spoils shall not be located within the
boundaries of forested wetlands without written approval of the depart-
ment and unless a less environmentally damaging location is unavait-
able. No spoil arca greater than 0.5 acrc in size shall be allowed within
wetlands. '

(b}
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WAC 222-24-035 Landing location and construction.
*(I) Landing location: Locate |andings fo prevent damage io public fesources.

Avoid excessive excavation and filling. Minimize placement and size of

landings within wetlands. Landings shall nut be located in Type A or B

Wetlands or their wetland management zones.

(2) Lauding construction.

(a) Landings requiring sidecast or till shall be na larger than reasonably
necessary for Saf e operation Of the equipment expected to be used.

(b) Where the average general Slopesexceed 65 percent, fill material used
in construction of landings shall be free fmm loase stumps and
excessive accumulations of slash and shall be mechanically compacted
where necessary and practical in layers by tractor to prevent soil erosion
and mass soil movement, Chemical compacting agents may be used in
accordance With WAC 222-38-020.

*(¢) Truck roads, skid trails, and tire trails shall be outsloped or cross
drained uphill of landings and the water diverted onto the forest floor
away from the toe of any landing fill.

®  (d) Landings shall be sloped to minimize accumulation of water on  the
landing.

*(¢) Excavation material shall nut be sidecast where there iS high potential

for materal to cuter Type A or B Wetlands or wetland management
zones or below the ordinary  high-water mark of any stream or the SO-
year flood level of Type 1, 2, 3, or 4 Water.
All spoils shall be located outside of Type A and Type B Wetlands and
their wetland management  zones. Spoils shall not be located within the
boundaries of forested wetlands without written approva of the depart-
ment and unless a | eSSenvironmentally damaging location iS unavail-
able. No spoil area greater than 0.5 acre in size shall be allowed within
wetlands.

‘o

WAC 222-24-040 Water crossing struchires,
*(1) Bridge construction.

(a) Bridges arc required for new crossings of any Type 1.or 2 Waters
regularly used for recreational boating.

(b) Permanent bridges shall nut congtrict clearly defined channels and shall
be designed to pass the 50-year flood level ar the mad shall be
constructed {o provide erosion protection from the 50-year flood waters
which exceed the water-carrying capacity of the drainage structure.

(C) One end of each new permanent |0g or wood bridge shall be tied or
fimmly anchored if any of the bridge structurs is within 10 vertical feet
of the 50-year flood level.

(d) Excavation for bridges, placement of sillser abutments, and the
placement of stringers or girders shall be accomplished fmm outside the
ordinary high-water mark of al waters, except  when such operations
arc guthorized by 8 hydraulic project approva.
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(c) Earth embankments constructed fur use as bridge approaches shall be
protected from crasion by high water. Some  examples of protection are;
Planted or seeded ground cover, bulkheads, rock riprap, of retaining
walls.

(f) When earthen materialsare used for bridge surfacing, curbs of suffi-
cient gize shall be indtaled to be above the surface materid and prevent
such surface material from falling into the stream bed.

*(2) Culvert installation: All permancnt culverts installed in forest roads shall
be Of a size that is adequate to canry the 50-year flood or the road shall be
constructed fo provide erosion protection from the 50-year flood waters
which exceed the water-carrying capacity of the drainage structure.  Refer
to “Recommended culvert Szes’ in the forest  practices board manua for the
size of permanent culverts recommended for use in forest roads. If the
department determines that because of unstable slopes the culvert size
shown on that table is inadequate to protect public resources, it may require
culvert sizes in aceordance with the nomograph (chart) contained in the
forest practices board manual or with other generally accepted engincering
principles.

(8) No permanent culverts shall be installed that are smaller than:

(i) 24 inches in diameter or the equivalent for anadromous fish
streams or wetlands where anadromous fish are present.
(ii) 18 inches ar the equivalent for resident game fish streams.
(i) 18 inches or the cquivalent for dl other water or wetland crossings
in western Washington.
(iv) 15 inches or the equivalent for al other water or wetland
in easten Washington.

(b) The dignment and dlope of the culvert shall paratlel the natural flow of
the stream whenever possible.

(C) When fish life is present, congtruct the bottom of the eulvert a or below
the natural stream bed at the inlet and outlet.

(d) Terminate culverts on materials that will not readily crude, such as
riprap, the origind stream  bed (if stable), or other suitable materials.

(c) If water isdiverted fmm its natural channel, return this water to its
naturd sream  bed Vvia culvert, flume, spillway, or the equivaent.

(f) When flumes, downspouts, downfall culverts, etc., are used to protect
till dopes or to retun water to its natural courses, the discharge point
shell be protected from erosion by: (i) Reducing the velocity of the
water, (ii) use of rock spillways, (iii) riprap, (iv) splash plates, or (v)
other Methods or dructures demonstrated to  be equaly effective.

(g) Stream beds shdll be cleared for & distance of 50 feet upstream from the
culvert inlet of such slash or debris that Teasonably may be expected to
plug the culvert.

(h) The entrance of all culverts should have adequate catch basins and
headwalis to minimize the possibitity of erosion or fill failure.

®  (3) Culverts in' anadromous fish streams. In eddition to the requirements of
subsection (2) of this section, in  streams used by anadromous fish:

crossings
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(@) Culverts shell be either open bottomed or have the bottom covered with
gravel and indtalled a least 6 inches below the mnatural gtream bed a the
inlet and outlet.

(b) Closed hottom culverts shall not dope more than  1/2 t, except &
provided in (e) of this subsection; open bottom culverts shall not slope
more then the natural dope of the stream  bed.

() Where multiple culverts an  used, one culvert shall be a least 6 inches
lower than ihe other(s).

(d) Culverts shdl be st to retan  normal Stream water depth throughout the
culvert length. A downgtream control may be required to create pooled
water back into the culvert and to insure downstream stream bed
stability.

{e) Closed hottom culverts, set e existing stream gradients between IL?
percent and 3 percent slope shall be designed with baffles for water
velocity control, or have an approved designed fishway,

() The department, after consultation with the departments of fisheries
and wildlife, shall impose any necessary limitations on the time of year
in which such culverts may be installed to prevent interference with
migration or spawning of anadromous fish.

(g) Any of the requirements in (a) through (f) of this subsection may be
superseded by & hydraulic project ‘approva.

*(4) Temporary water crossings.

(a) Temporary bridges and culverts, adequate to carry the highest antici-
pated flow in liey of carrying the 50-year flood, may be used:

(i) In the westside region if installed after June 1 and removed by
September 30 of the same year.

(i) In the eastside region if installed after the spring nineff and
removed prior to the snow buildup which could feed a heavy
runoff.

(iii) At other times, when the department and applicant can agree to
specific dates of ingalation and removal.

(b) Temporary bridges and culverts shall be promptly removed upon
completion Of use, and the approaches fo the crossing shall be water
bamred and Sabilized a the time of the crossing removal.

(c) Temporary wetland crossings shall be abandoned and restored hased on
a written plan approved by the department prior to construction.

(5) Properly prepared and maintained fords may be used during  periods of low'
water providing a hydraulic permit is acquired.

WAC 222-24-830 Road maintensnce.
*(1) Road maintenance and abandonment plan.
(@ The landowner when notified by the department shall submit a plan for
road mantenance and abandonment for those drainages or road systems
the department determines based on physical evidence to have a

potential to damage public resources. The plan is subject to annual
review and shdl include

(i) Ownership maps showing the road or  road System;
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(ii) Road status, whether active, inactive, abandoned or planned for
abandonment;

(iii) Maintenance schedule and priorities for the year, and

(iv) Plan for further maintenance and reconstruction beyond the cur-
rent year for repair Of extensve damage.

(b) The plan shall be submitted 1o the department region office on or before
June 30, 1988, and each Junc 30th thereafier unless the department
agrees that no further plans are necessary.

(c) The department will review the plan annually with the landowner to
determine whether it will be effective and is being impkmcented.

(d) Such plans shall also be reviewed with departments of ecology,
fisheries and wildlife and affected Indian tribes, any of whom may
request an informal conference with the landowner.

‘(2) Active roads. An active road is a fored road being actively used for hauling
of logs, pulpwood, chips, or other mgjor forest produets or rock and other
road building materials. To the extent necessary to prevent damage to public
resources, the following maintenance shall be conducted on such roads:
(a) Culveris and ditches shall be kept functional.

(b) Road surface shall be maintained gs necessary to minimize erosion of
the surface and the subgrade.

(c) During and on completion of operations, road  surface shall be crowned,
outsloped, or water barred and berms removed from the outside edge
except those intentionally constructed for protection of fills.

‘(3) Inactive roads. An inactive road is a forest road on which commercial
hauling is discontinued for 1 or more logging seasons, and the forest
landowner desires continuation of access for fire control, fores management
activities, Christmas tree growing ‘operations, occasional Or incidental use
for minor forest products harvesting or similar activites on such inactive
roads:

(a) Before the firsd winter rainy season following termination of active use,
nonfunctional ditches and culverts shal be eleared and the road surface
shall be crowned, outstoped, water barred or otherwise left in 8
condition not conducive to aceelerated erosion or interrupt water
movement within - wetlands; and

(b) Thereafter, except as provided in (e} of this subsection, the landowner
shal clear or repair ditches or culverts which  he/she knows or should
know to be nonfunctional and causing or likely to cause material
damage to a public resource

{c) The landowner shall not be liable for penalties or monetary damages,
under the aet, for damage occurring fmm & condition brought about by
public use, unless hefshe fals to make repars as directed by & notice
to comply.

*(4) Additional culverts/ maintenance. If the department determines based on
physicdl evidence that the above maintenance has been or will be inadequate
to protect public resources and that additional measuses will provide

adequate protection it shall require the landowner or operator to either elect

to:
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Chapter 222-30 WAC
Timber Harvesting

WAC

222-30-010 Policy-Timber harvesting.*
222-30-020 Harvest unit planning and design.
222-30-025 Even-aged harvest--Size and timing.
222-30-030 Stream bank integrity:

222-30-040 Shadc requirements tO maintain stream temperature.
222-30-050 Felling and bucking.*

222-30-060 Cable yarding.

222-30-070 Tractor and wheeled skidding systems.
222-30-080 Landing cleanup.

222-30-090 Postharvest site preparation.
222-30-100 Slash disposal.

222-30-1 10 Timber harvesting on idands.
222-30-120 Rate of harvest monitoring.

Note: Rules marked with an asterisk (*) -pertain to water quality protection andd are
co-adopted by the Department of Ecology, per WAC 222-12-010.

WAC 222.30-010 Policy-Timber harvesting, *This section covers al remowat of
timber from forest lands in commercid operations, commercid thinning, savage ege of
timber, relogging merchantable materid  left after prior harvests, postharvest clesmmpp,
and clearing of merchanteble timber from lands being converied to other uses. It Wdess
not cover removal of incidental vegetation or remova of firewood for persond uses. To
the extent practical the department shall coordinate the activities on a8 mubliiple
disciplinary planning approach. The riparian management zone requirements speci
fied in this scetion are designed o provide protection for water quality and fisheries
and wildlife habitat through ensuring present and future supplies of large organic
debris for streams. snags, canopy cover, and & multistoried diverse foret adjacent to
Type 1,2 and 3 Waers Wetland aress serve  several significant functions in addition
to timber production: Providing fish and wildlife habitat, protecting water quaity,
moderating and preserving water quantity. Wetlands may  also contan unique or rare
ecological systems. The wetland management zone and wetland requirements
specified in this section are designed to protect these wetland functions when measured
over the length of a harvest rotation, adthough some of the functions may be reduced
until the midpoint of the timber rotation cycle. Landownersare encouraged to
voluntarily increase wetland acreage and functions over the long-term. Note:  Other
laws or regulations and/or permit requirements may apply. See Chapter 222-50 WAC.

WAC 222-30-020 Harvest unit planning and design.
(1) Logging sysem. The logging system should be  appropriate for the terrain,
soils, and timber type S0 yarding or skidding can be economicaly accom-

plished in compliance with these regulations.
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%(2) Landing locations. Locate landings to prevent damage to public resources. water RMZ Ratio of # Trees/1000  ft
Avoid excessive excavation and tilling. Type/ Mazimum Conifer to each side
*(3) Western Washington riparian management zones. These zones shall be Average Width Deciduous/
measured horizontally from the ordinary high-water mark of Type 1.20r 3 -~ — Width Minimum Gravel/ Boulder/
Water and extend to the line where vegetation changes from wetlandk [ o Size Cobbk Bedrock
upland plant community, of the line required to leave sufficient shadc as Leave <10"
required by WAC 222-30-040, whichever is greaer, but shall not be: Jess Trees Diameter
than 25 feet in width ner more than the maximum widths described in (c)of
this subsectinn, nrvided that the ginarian management zone width shafl be 1&2 100’ represen- 50 trees 25 trees
expanded as necessary io include wetlands or ponds adjacent k the stream. water 75 tative of
When the riparian management zone overlaps a Type A or B Wetland or & & over stand
wetlend management Zone, the requirement which best protects public ,
resources shall apply. 1&2 75 represen- 100 trees 50 trees
(a) Harvest units shall be designed so that felling, bucking, yarding or Water ktive of
Skidding, and reforestation can be accomplished in accordanee with under 75’ stand
these regulations, including those regulations relating to stream bank
integrity and shade requirementsio maintain stream temperature. 3 Water 50 2101/ 75 trees 25 trees
Where the need for additional actionsor restrictions adjacent to waters 5 & over 2 or
not covered by the following become evident, WAC — 222-12-050 and next
222-12-060 may apply. largest
(b) When requested in writing by the applicant, the department shall assist available
in preparation of an alternate plan for the rparian management zone, ‘ ,
(¢) Within the riparian management zone, there shall be trees left for {‘M ™ 3 Water 25 ltoll 2s frecs 25 trees
wildlife and fisherics habitat as provided for in the chart below. Fifty ’ less  than 6 or next
percent of More of the trees shall be live and undamaged on completion 5 Iarg?stbl
of the harvest. The leave trees shall be randomly distributed where available
gﬁgfégm%ﬁgunmup%ngés gm&mﬁﬁaﬂgfﬂwﬂ' “Or next largest available™ requires that the next largest trees to these specified
4 ta conifer is & 1de b’ the bed material and average Width, in the mje be jeft standing when those available are Smaller than the sizes
deciduous . IS specified by the bed matenal &nd Averag specified, Ponds or lakes which are Type 1, 2 or 3 Waters shall have the same
of the water type within the harvest “nit.  Trees left according to (d) of leave tree requirements as boulder/ bedrock Streams
mlstﬁgﬁtgﬂﬁy be-included in the number of required leave fres (d) For wildlife habitat within the riparian management zone, leave an

average of § undistucbed and uncut wildlife trees per  acre a the ratio
of 1 deciduous tree to 1 conifer tree equal in size to the largest existing
trees Of those species within the zone. Where thel to 1ratio is not
possible, the” substituie either species present. Forty percent or more
of the leave trees shall be live and undamaged on completion of harvest.
Wildlife trees shall be left inclumps whenever possible,

(e) When 10 percent or mote of the harvest “nit lies within any combination
of 4 riparian management zone Of Type1, 2 or 3 Waters or a wetland

(ﬂ o management zone and the harvest ““it isa clearcutting of 30 acres or
o S less, |eave not less than 50 percent of the trees required in (c) of this
) subsection.

*{4) Eastern Washington riparian management zones. These zones shall be
measured horizontally from the ordinary high-water mark of Type1,2 or 3
Waters and extend to the line when vegetation changes from wetland 1o
upland plant community. or te the line required to leave sufficient shade as
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required by WAC 222-30-040, whichever is greater, but shall not be less-

than the minimum width nor more than the maximum widths deseribed in

(c) of this subsection, provided that the ripgerian management Zone width

shall be expanded as necessary to include wetlands or ponds adjacent to the

stream. When the riparian management zone overlaps & Type A or B

Wetland or a wetland management zone. the requirement which best

protects public resources shall apply.

(@) Harvest units shall be designed o that felling, bucking, yarding or
skidding, and reforestation can be accomplished in accordance with
these regulations. including those regulations relating te stream bank
integrity and shade requirements to maintain stream {emperature,
Where the need for additional actions or restrictions adjacent to waters
not covered by the following becoms evident, WAC 222-12-05¢ and
222-12-060 may apply.

(b) When requested in writing by the applicant, the department shall assist
in preparation of an alternate plan for the nparan management zone.

(c) Within the tiparian management- zone, there shall be trees left for
wildlife and fisheries habitat a8 provided for below. Fifty percent or
more of the trees shall be live and undamaged on completion of the
harvest. The leave tress shall be randomly distributed where feasible,
seme clumping is alowed to aceommodate operational considerations.

(i) The width of the riparian management zone shall be based on the
adjacent harvest type as defined in WAC 222-16-010 “Partid
cutting’.  When the adjscent unit harvest type is:

Partial cutting « The riparian management zone width shall be a
minimum of 30 feet to & maximum of 50 feet on ¢ach side of the
stream.

Other harvest types = The riparian management zone shall
average 50 feet in width on each side of the stream with & minimum
width of 30 feet and g3 maximum of 300 feet on each side of the
stream.

(i) Leave tree requirements within the fiparian management Zones of
Type 1, 2 or 3 Waters:

(A) Leave all trees 12 inches or less in diameter breast height
(dbh); and

(B) Leave dl wildlife reserve frees within the riparian manage-
ment zone where operations in the vicinity do not violate the
state safety regulations (chapter 296-§4 WAC and chapter
49.17 RCW administered by department of lab-x and indus-
tries, safety division); and

(C) Leave 16 live conifer treesfacre between 12 inches dbh and
20 inches dbh distributed by size, 85 representative of the
stand; end

(D) Leave 3 live conifer trees/acre 20 inches doh or larger end the
2 largest live degiduous trees/acre 16 inches dbh or larger.
Whete these deciduous frees do not ¢xist, and where 2
wildlife reserve trees/acre 20 inches or larger do not exist,
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substitute 2 live conifer trees/acre 20 inches dbh or larger. If
live conifer trees of 20 inches dbh or larger do not exist within
the riparian management zone, then substitute the 5 largest
live conifer trees/acre; and

(E) Leave 3 live deciduous trees/acre between 12 jnches and 16
inches dbh where they exist.

(i) Minimum leave free requirements per aeré for Type 1, 2 and 3
Waters. Trees left for ()i} of this subsection shall be included
in the minimum gounts.

(A) On streams with g boulder/bedrock bed, the minimum Jeave
tree requirements shall be 75 treesfacre 4 inches dbh or
larger.

(B) On streams with 4 gravel/cobble (Iess than 10 inches diam-
eter) bed, the minimum leave tree requirement shall be 135
frecs/acre 4 inches dbh or larger.

(C) On lakes or ponds the minimum leave tree requirement shell
be 75 trees/acre 4 inches dbh or larger.

Note: Se¢ the Forest Practices Board Manual for assistance in calculating
trees/acre and average RMZ widths.

(d) When 10 percent or more ofthe harvest unit lies within any combination
of a riparian management zone of Type 1, 2 or 3 Waters or a wetland
management zorie and either the harvest unit is & elearcutting of 30
acres or less or the harvest unit isa partial cutting of 80 acres or less,
lcave not less than 50 percent of the trees required in (c) of this
subsection. (S8ee WAC 222-16-010 “Partial cutting”.)

*(5) Riparian leave tree areas. The department will require trees to be left

dong Type 4 Water where such practices are necessary to protect public
resources. Where such practices are necessary leave st least 25 conifer or
deciduous frees, 6 inches in diameter or larger, on each side of every 1000
feet of stream length within 25 fect of the stream. The leave trees may be
arranged to accommeodate the operation.

*(6) Forested wetlands. Within the wetland, unless otherwise approved in

writing by the department, harvest methods shall be limited to low impact

harvest or cable sysems. Where feasible, at least one end of the log shall

be suspended during yarding.

(@ When forested wetlands are included within the harvest ares, |landown-
ers are encouraged to feave a portion (30 to 70%) of the wildlife reserve
free requirement for the harvest area within a wetland. In order to retain
undisturbed habitat within forested wetlands, these trees should be left
in clumps. Leave tree areas should be clumped adjacent to streams,
riparian management zones, or wetland management zones where
possible and they exist within forested wetlands. Green recruitment
trees should be representative of the size and species found within the
wetland. Leave nonmerchantable trees standing where feasible.

30-5
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(b) If 8 RMZ or WMZ lies within a forested wetland, the leave tree
requirement associated With those areas may be counted toward the
percentages in (3) of this subsection.

(c) If the conditions described in (a) and (b} of this subsection are met, the
distribution requirements for wildlife reserve trees and green recruit-
ment trees (subsection (I 1)) of this section) are modified a9 follows:
For purposes of distribution, no point within the harvest unit shal be
mate than 1000 feet from a wildlife reserve tree and green recruitment
tree retention area,

(d) Approximate determination of the boundaries of forested wetlands
greater than $ acres shall Ix required. Approximate boundarics and
areas shal be deemed to be sufficient for harvest operations.

(e) The department shall consult with the department of wildlife, the
depatment of fisheries. and affected Indian  tribes about Ste Specific
impacts of forest practices on wetland-sensitive species in forested
wetlands.

*(7) Wetland mansagement zones (WMZ). These lanes shall apply to Type A
and B Wetlands, gg indicated in (@) of this subsection, and shall be messured
horizontally from the wetland edge or the point where the nonforested
wetland becomes a forested wetland, as determined by the method deseribed
inthe board manual, and shdl be of an average width a8 described in (3) of
this subsection. These Zones shall not be less than the minimum nor  more
than the maximum widths described in (a) of this subsection. When these
zones overlap a riparien management zone the requirement which best

protects public resources shall apply,

(a) Wetland management zones (WMZ) shall have variable widths based
on the size of the wetland and the wetland type, described as follows:

S
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Wetland Management Zones
Wetland Type Acres of Maximum | Average | Minimum
. Nonforested { WMZ WMZ WMZ
Wetland* Width Width Width
A (inciuding bogs) { Greaterthan 5 | 200 feet 100 feet 50 feet
A (Including bogs) |0.510 5 100 fest 50 feet 25 feet
A (bogs only) 0.2510 0.5 100 feet 50 feet 25 feet _ ‘
B Greater than 5 | 100 feet 50 feet 25 feet qfl'e :
B 05105 7 25 feet e
B 0.25100.5 No WMZ No WMZ
Required | Required
*For bogs, both forested and non-forested acres are included.

Timber Harvesting—7/95 Chapter 222-30

(b) Within the WMZ, leave & totd of 75 trees per  acre of 'WMZ gregter than
6 inches dbh in Westen Washington and  greater than 4 inches dhh in
Eastern Washington, 25 of which shall be greater than 12 inches doh

oy including 5 trees greater than 20 inches dbh, where they exist. Leave

- trees Shal be representative of the species found within the WMZ.

i/ (c) Retain wildlife reserve trees where feasible. Type 1 and 3 wildlife
reserve trees may be counted among, and need not exceed, the trees
required in (b) of this subsection. Leave al cull logs on site

(d) Partial-cutting or removal of groups of trees isaceeptable within the
WMZ. The maximum width of openings created by harvesting within
the WMZ shall not exeeed 100 fect as measured parallel to the wetland
edge. Openings within WMZs shall be no closer than 200 feet.
Landowners are encouraged to concentrate leave trees within the WMZ
to the wetland edge.

() Tractors, wheeled skidders. or other ground based harvesting systems
shall not be used within the minimum WMZ width without written
approval of the department.

(f) When 10% or more of a harvest unit lies within any combination of &
wetland management Zone or a riparian management Zone of Type 1,
2. or 3 Waers and either the harvest unit is a clearcut of 30 acres or less
or the harvest unit is & partial cut of 80 acres or less, leave not less than
50% of the trees requiredin (b) of thissubsection,

0 § TypeA or B Wetlands. Within the boundaries of Type A or B Wetlands
the following shal apply:

(@) Individual trees or forested wetland greas less than 0.5 acre in size may
occur. These tress have a high habitat value to the nonforested wetland.
Leave individual trees or forested wetlands less than 0.5 acre, These
trees May be counted toward the WMZ requirements.

(b) Harvest of upland areas or forested wetlands which are surrounded by
Type A or B Wetlands must be conducted in accordance with 4 plan,
approved in writing by the department.

(c) No timber shall be felled into or cable yarded across Type A or B
Wetlands without written approval of the department.

(d) Harvest shall not be alowed within a Type A Wetland which meets the
definition of a bog.

(9) Future productivity. Harvesting shall leave the land in a condition
conducive to future timber production except:

(a) To the degree required for riparian management zones; or

(b) Where the lands an king converted to another use or classified urban
lands as specified in WAC 222-34-050.

(10) Wildlife habitat. This subsection isdesigned to encourage timber harvest
Ry practices that would protect wildlife habitats, provided, that such action
shdl not unreasonably restrict landowners action without compensation.

(8) The applicant should make every reasonabl e effort to cooperate with
the department of wildlife to identify criticd wildlife habitats (state) as
defined by the board. Where these hahitals are known to the applicant,

they shdl be identified in the application or notification.
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acreage harvested by even-aged harvest methods sharing 10% or  less of the

common perimeter with the harvest unit under consideration shall  not be

considered contiguous for the purposes of this section.

(4) Harvest units shdl be designed so that each harvest unit
of the fdlowing criteria
(@ At least thirty percent of the unit's perimeter is in stands of trees that

are thirty years of age or older,

(b) At least sixty percent of the unit's perimeter is in stands of trees that are
fifteen years of age or older. or

(c) At lcast ninety percent of the unit's perimeter iS in Stands of trees that
have survived on Ste a minimum of five growing seasens or, if not, have
reached an average height of four fest.

Evaluation of unit perimeters issubject to the conditionsspecified in

subsection (6) of this, section.

(5) The requirements of subsections (2), (3), and (4) of this section shal apply
only to timber harvest by even-aged harvest methods and shall not apply to
timber harvest to  salvage timber damaged by wind, disease, insects, tire, or
other naturd causes or to forest practices involving the clearing of land of
brush or understocked hardwoods to convert t0 managed hardwoods or
conifers. )

(6) In evaluating the perimeters of harvest units pursuant to  suthsection (4) of this
section, the following conditions shal —apply:

(@) The following shall be treated as fully stacked, mature stands that will
not be counted as contiguous acreage harvested by even-aged methods
for the purposes of subsections (1} and (2) of this section and which will
be counted & thirty-year-old stands for the purposes of subsection (4)
of this gection:

(i) In Western Washington, A riparian management zone or wetland
management zone that is twice the width with $wice the tree count
required by WAC 222-30-020(3) dong Type 1,2, or 3 Waters;

(i) In Eastern Washington, a riparian management zene or wetland
management zone that is the width required by WAC 222-30-
0204y,

(iii) Designated upland management areas;
{ivy Lands ina shoreline of state-wide significance where harvest is
limited under RCW 90.58.150;,

(v) The portions of & perimeter comsisting of land in uses other than
forest land, such as land in agricultural or residential use and
natural openings, and land not owned or  controlled by the land-

moeets o least one

owner who has proposed the harvest unit subject to the application
under  consideration;
(b) A gand oftrees other than those described in () of this subsection shall
be treated as a certain age class only ifthe stand is a last three hundred
feet wide;

4 _A.,ij"
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(c) Timber harvest units subject to an approved application or g notifica-
tion for timber havesting shdl be treated as if the timber harvesting
operation proposed in the application or notification were completed
and regeneration not yet established.

(7) This section shall not apply to notifications or applications approved before
July 1, 1992, or to one renewal of those applications, and shal not apply to
timber that the landowner or operator demonstrated te the department is
subject to a cutting right created by written contract before July 1, 1992,
which cutting right would expire before gl the timber subject to it could
reasonably be harvested.

WAC 222-30-030 Stream bank integrity.
*[n the riparian management zone dlong al Type 1,2 and 3 Waters, the operator shal:
(1) Avoid disturbing brush and similar understory vegetation,
(2) AbVOiI? disturbing stumps and root systems and any logs embedded in the
ank;
(3) Leave high stumps where necessary to prevent felled and bucked timber
fmm entering the water,
(4) Leave trees which display large mot systems embedded in the bank.

WAC 222-30-040 Shade requirements to maintain stream temperature.

*(1) Determination of adequate shade. The temperature prediction method in
subsections (2) and (3) of this section shall be used to determine appropriate
shade levels for flowing Type 1, 2, and 3 Waters to prevent excessive  water
temperatures which may have detrimental impact on aquatic resources.

*(2) Temperature prediction method. In addition to the riparian management
zone requirements, leave trees shall be retained in riparian management
zones on flowing Type 1, 2, and 3 Watersas provided by the method
described in the board manual which includes the following considerations:
(a) Minimum shade retention requirements; and
(b) Regional watcr temperature characteristics. and
(c) Elevation; and
(d) Temperature criteriadefined for stream classes in Chapter 173-201A

WAC..

*(3) Leave trec requirements for shade. The method described in subsection (2)
of this section shal be used to establish the minimum shade cover based on
ste specific characteristics. When Ste specific data indicate that preharvest
conditions do not meet the minimums established by the method, no
additional shade removal from riparian management zones will be allowed.

(4) Waivers. The department may waive or modify the shade requirements
where:
(@ The epplicant agrees {0 a Staggered setting program producing equa or
greater shade requirements to maintain stream temperature; or
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(b) The applicant provides alternative means of stream tomperature control
satisfactory to the department; or

(c) The temperature method indicates that additionat shade will not affect
streasn temperature.

WAC 222-30-050 Felling and bucking,
*(1) Falling along water. _

( a ) No trees will be felled into Type 1, 2 and 3 Waters, or Type A or B’

Wetlands except trees which cannot practically and safely be felled
outside the stream, lake or pond using techniques in generd use and

these trees must then be removed pmmptly.

Such felling and removing in Type 1,2 or 3 Waters shal comply with

the hydraulic project approval of the departments of fisheries or
wildlife.

(b) Within riparian management zones, and wetland management zones
fall trees favoreble to the lead consistent with safety standards to yard
or skid away from the waters. The use nf directional falling, lining,
jacking and staged falling techniques are encouraged.

(c) Trees may be felied into Type 4 Water if logs are removed as soon
thereafter as practicat. See forest practicesbeard manual for "Guide-
lines for clearing dash and debris from  Type 4 and § Water."

® (2 Bucking in water.
(a) No bucking or limbing shall be done on trees or portions thereof lying

between the banks of Tvpe 1,2 or 3 Waters or in open water areas of

Type A Wetlands, except as necessary to remove the timber fmm the
water.
(b) Where bucking or limbing is done between the banks of a Typed Water.
carc Shdl be taken to minimize accumulation of slash in the water.
%(3) Falling near riparisn management zones, wetland mansgement zones
and setting houndaries. Reasonable care shall be taken to avoid felling
trees into riparian management zones, wetland management zones and &reas
outside the harvest unit.
(4) Falling in sdlective and partial cuts Reasonable care shall be taken to fal
trees in directions that minimize damage to residual trees.

WAC 222-30-060 Cable yarding,

*(1) Type 1,2 and 3 Waters. No timber shall be cable yarded in or across a Type
1,2 or 3 Waters except  where the logs will not materidly damage the bed
of waters, banks or riparian management zones and removals from Type 1,
2 or 3Water have hydraulic project appraval of the departments of fisheries
or wildlife.

® ()Type A or B Wetlands.No timber shall be cable yarded in or across Type
A or B Wetlands without written approval fmm the department.

*(3) Deadfalls, Any logs which age firmly embedded in the bed of a Type 1, 2,
3 and 4 Waters shall net be removed or unnecesserly disturbed without
approval of the departments of fisheries or wildlife.
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*4) Yarding in riparian management zones and wetland management
zones. Where timber is yarded from or scross a4 riparian management zone,
or wetland management zone reasonable ¢are shall be taken te minimize
damage to the vegetation providing shade to the Stream Of open waer areas
and to minimize disturbance to understory vegetation, stumps and mot
systems. Where practical and consistent with good saf ety practices, |0gs
shall be yarded in the direction in which they lie and away from Type A or
B Wetlands or  Type 1,2 and 3 Waters until ¢lear of the wetland management
Zone of riparian management zone.

(5) Direction of yarding

(a) Uphill yarding is preferred.

(4) Where downhill yarding iSused, reasonable care shdl be faken to lift
the leading end of the 1log to minimize downhill movement of sash and
sails.

*(¢) When yarding paale to a Typel, 2 or 3 Water channe below the SO-
year flood level or within the riparian management zone, reasonable
care shall be taken to minimize soil disturbance and to prevent logs
from rolling into the stream, lake, pond, or fiparian management zone.

WAC 222-30-070 Tractor and wheeled skidding systems.
*(1) Typed waters and wetlands.

(@) Tractor and wheeled skidders shall not be used in Type 1, 2 or 3 Water,
except with approval by the department and with & hydraulic project
aoprova .of the departments of fisheries or wildlife

(b) 1" order to maintain wetland water movement and water quality, and to
prevent soit compaction, tractor or  wheeled Skidders shall not be used
in Type A or B Wetlands without prior written approval of the

department. .

(c) Within all wetlands, tractors and wheeled skidder systems shall be
limited to low impact harvest systems. Ground based logging systems
operating in wetlands shall only be allowed within wetlands during
periods of low soil moisture or frozen seil conditions.

(d) Skidding across any flowing Type 4 Water shall be minimized and
when done, temporary stream crossings shall be used, if necessary, to
maintain streamn bed integrity.

(c) Whenever skidding in or across any type water, the direction of log
movement between stream banks shall be as close fo right angles to the
stream channel gs is practical.

*(2) Riparian management zone.

(2) Lagging will be permitted within the zone. However, any use of
tractors, wheded skidders, or other yarding machines within the  zone
must be as described in an approved forest practices application of
otherwise approval in writing by the department.

(b) Where skidding in or through the riparian management zone i s neces-

sary, the number of skidding routes through the zene shall be mini-
mized.
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{¢) Logs shall be skidded so as to minimize damage to leave trees and
vegetation in the riparian management zome, t0 the extent practical and
consistent with good safety practices.

¥(3) Wetlands management zones.

() Logging will be permitted within wetland management zones.

(b) Where feasible logs shall be skidded at least with one end suspended
from the ground 0 as t0 minimize il disturbance and damage to  Jeave
trees and vegetation in the wetland management  zome.

(c) Tractors, wheeled skidders, or other ground based harvesting systems
shall not be used within the minimum WMZ width without written
approval of the department.

® (/) Deadfsils. Lags firmly embedded in the bed or. bank of Type 1,2, 3 or 4
Waters shall not be removed or unnecessarily disturbed without hydraulic
project goprovd of the departments of fisheries or wildlife.

@ (SMoistureconditions. Tractor and wheeled skidders shall not be wsed on
exposed eradible soils or saturated soilswhen soil moisture content is so
high that unreasonable soil compaction, soil disturbance, or  wetland,
sream, leke or pond siltation would result.

(6) Protection of residual timber. Reasonable care shall be taken to minimize
damage from skidding to the stems and root systems of residual timber and
to young reproduction.

*(7) Skid trail construction.

() Skid trails shall be kept to the minimum feasible width.

(b) Reasonable care shall be taken to minimize the amount of sidecast
required and shall only be permitted above the 50-year flood level.

(c) Skid trails shall be outstoped where practical, but be insloped where
necessary to prevent logs from dliding or rolling downhill off the skid
trail.

*(8) Skid trafl maintenance. Upon completion of use and termination of
seasonal use, skid trails on slopes in exposed soils shall be water barred
where necessary to prevent soil erosion.

*(9) Slope restrictions. Tractor and wheeled skidders shall not be used on slopes
where in the opinion of the department this method of operation would cause
unnecessary or material damage to a public resougce.

WAC 221-30-080 Landing cleanup. Except as approved by the depariment, the
following_ rules shal be met within 60 days after completion of hauling |ogs from ay
landi*, ar as soon thereafter as practical.
(iDrainage,
(@) Clean any ditches and culverts obstructed by dirt or debris duri

r\ﬂ
opergtion(s). A

(b) Establish g slope that will prevent water from accumulating on the
landing or running from the landing down any  erodible till.
*(2) Other erosion control measures,
(a) Cut slopes shall be cut back 1o an angle expected to remain stable.
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(b) Whete exposed soil is unstable or erodible and may be reasonably
expected {0 cause damage to a public resource, it Shall be seeded with
grass. clover or ground cover or compacted, riprapped, water barred,

benched or mulched, or be treated by other means approved by the
department.

(3) Cleanup.

(a) Slash accumulations which would prevent reforestation of otherwise
plantable tills, sidecast or cut dopes of landings shall be disposed of or
be piled on the landing floor for future disposal.

(b) Slash shall not be buried in any filled portion of the landing in
connection with landing cleanup operations.

() All cables, machine parts and other inorganic debris resulting from
havest operation(s) shal be removed a the time of landing cleanup.

WAC 222-30-090 Postharvest site preparation. Unless the application or notifica-
tion indicates that the landowner or forest landowner specifically agrees to assume
responsibility for ecompliance with this section, the operator shall leave the ste in - a
condition suitable for reforestation following any clear cutting, or any partid cutting
west of the summit of the Cascades where 80 percent or meore of the cubic volume is
removed within any § consecutive years unless the department determines that the  five
treess remaining will reasonably utilize the timber growing capacity of the soils. Lands
being converted to another use or classified as urban development lands under WAC
222-34-050 ate exempt. _
The following site preparation is required when necessary to establish a condition
quitable  for  reforetation:
(1) Cutting, dlashing, or other trestment of al noncommercidl  tree Species, other
competing vegetation, and nonmerchantable Sze trees commonly known as
“whips’ which will not reasonably utilize the growing capacity of the soil
except in wetland management zones, riparian management zones; or
(2) Pile or windrow slash; or
(3) Mechanieally scatter slash; or
(4) Leave the cutover area in a condition for controlled broadcast burning, and
subsequently bum.

WAC 222-30-100 Slash disposal
(1) Slash dispasal techniques:

*(a) Any conventional method of dash disposdl may be used, except in Type
A or B Wetlands, wetland management zones, and riparian manage-
ment zones and on sites where the department determines that a
particular method would cause unreasonable risk to public resources or
unreasonably damage Ste productivity. Conventiona methods of dash
disposa include the following: Controlled broadcast burning, pile or
windrow and bum, pile or windrow without burning; mechanical
scatter and compaction; searification; chip, mulch or lop and scatter;
burying; and physicd removal fmm  the forest lands: Provided. That on
land shown to have low productivity potential the landowner or
operator shall obtain the department’s approval of its regeneration plan
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Appendix B: Precipitation Regimes During the Study Period --Area-Weighted
Statewide Average Monthly Values Compared to Neormal Precipitation (Source:
NOAA Climate Data)
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Appendix B (cont.): Winter, Spring, and Summer 1995 Monthly Departures from Normal
Precipitation for Selected Regions of Washington; Averages for Regions.

Monthly Departures in Inches

Region Jan |Feb | Mar {Apr |May |Jun [Jul |Aug |Sep

W, Olympic Coastal +0.92 | -0.07 | +0.59 | +0.10 | -2.61 | -0.04 | 0.22 | +1.63 | -0.54
E. Olympic/Cascade Foothills | -1.83 | +0.94 | +0.27 | -0.56 | -1.46 | -0.14 § +0.33 § +0.96 | -0.51
E. Slope Cascades +0.26 { +0.13 | +0.96 | +0.16 | +0.19 | -0.01 | +0.40 | -0.04 | -0.13
NE Washington +1.27 | -0.38 | +1.99 | -0.15 | -064 | +1.33 ] -0.10 | -0.33 | +0.54
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Appendix C: Summary of Sediment Routing Survey Results.

1: E = EMective; N = Not Effective; F = Partially Effactive.
* Disturbed s0H area given on survays whare ground cover density was not detsrmined in the field.

Langth of Harvest
Stream All Features Faatures Survey
Bank | Months| Disturbed Exposed Delivared Delivared: | Specific BMP
Ste  Survey | Bufter | Harvest | Yarding | H Survayed | Since Sell Sall Exposed Soil | Expused Soll | Effectivenass
StudySite DN D# [ Category| Type | Method |Surveyed]  {m) | Harvest] (miHactare) | {m'/Hectare) | (mMeoctare) | {m’/Hectare) call
Green Canyon  E-04  SR-02 with | Partial Gut | Ground | 04 9 | 17 418 nia *118-dist 0 E
AspenPatch  E05  SR-01 with | Partial Cut | Ground | 104 1756 13 4 ni <tdist 0
| _AspenPatch  E-05  SRO1 with | Partial cut | Grouna | 218 1756 23 ] 30 3 0 E
SaimonCr.  ©01  SR-01 with | Clearcut | Geound | 2.8 73 5 e nia na wa
SamonCr. 01 SR-O1 With | ClearCut | Ground | 238 713 21 312 147 5 a E
SamonCr.  O01 SRO2BU| Wan | ClsarCut | Ground | 1.8 813 12 885 na 0 g
ymonGr. 001 SR-02-BU With | Clearcut | Ground § 1.8 613 26 918 475 174 [ E
WalkerPass  0-02 SR-01-BU| With | ClearCut | Ground{ 0.9 261 8 281 nia ~307-dist “273-dist
Walker Pass 002 SR-01-BU| Wih | ClearCut | Ground] 09 381 23 a8 276 273 272 N
Gunderson Cr  O-05 SR-03-BU| wah | CisarCut | Ground | 0.8 350 10 860 £23 104 o
Gunderson Cr  0-05 SR03-BU| with | ClearCut | Ground] rva n'a 1} nfa na nia nfa £
Gundersen Cr  O-D5 SR04 wih { ClearCut | Ground | 17 427 10 208 43 7 7
Gunderson Cr __ O-05 SR04 with { Clearcut | Grouna | 0.8 240 19 456 141 23 0 E
Whale o068 SR-O1 With | ClearCut | Ground | 0.8 133 B 458 183 9 0 E
Whale O08  SRO2 With | ClearCut | Ground | 3.0 462 8 226 127 74 0 E
Whale 008 SR-03 With | Clearcut | Ground | 1.2 104 8 293 131 5 0 E
Muddy West __R02 SR with | Partial Cut| Ground | 2.2 822 1B 503 158 17 17 E
Muddy East __ R-03 _ SR-01 With | Partial Cut| Ground | 1.1 4o ] 1487 1288 & 0 E
Buck East R-D4  SR-01 With | Partial Cut| Ground | 18 a3z 8 1428 679 388 387
BuckEast R4 SR With | Pariai Cut| Ground | 16 332 15 1426 387 [ 1 E
Middle R-08 __ SR-01 with | Partial Cut| Ground | 1.4 312 7 181 74 0 [} E
Sherry Cr R-07 SR-01-BU| with |Patialcut] Ground] 1.7 822 9 204 103 2 ¢
Sheny Gt RO7__SR-01-8U| ‘With | PamiaiCut) Ground] 1.2 688 18 B0 27 na [ E
Friday Cr S04 SRM With | ClearCut | Cable | 08 344 5 o wa +{777-dist “1758-dist
Friday Cr S04 SR-DY With | Clearcut | Cable | 0.8 344 17 1198 age 334 239 N
Sundog 505  SR-01 with | ClearCut | Cabie 31 856 4 118 na “115-dist 0
Sundog S05 _ SR-01 with | ClesrCut | Cable | 34 856 16 82 40 24 0 E
Simmons s0%  SR-D1 with | Clearcut | Cable 1.0 377 7 258 182 3t 18
Simgmons 508 SR-O1 With | Clearcut] cabe | 086 244 18 340 17 25 0 E
Sears Cr W01 SRO1-BU| Wih | ClearCut | Ground | 0.4 454 [ 1094 420 7 a
SearsCr W01 SRO1-BU| With | ClearCut | Ground | 04 454 17 548 B8 0 a E
SearsCr W01 SRO2BU| With | ClesrCut| Cable | 02 270 [ 15 & 8 8
Sears Cr W01 SR02BU| With | ClesrCut | Cable | 02 270 17 0 g 0 ¢ E
MeimanCr W02 SR-01-BU|  Wwith. | ClearCut | Ground | 0.9 193 ¢ 1850 1134 ] °
Mgiman Gr W02 SR-01-BU| With | ClearCut | Ground | 0.8 193 17 1782 B70 o 0 £
PotPouri W48  SR-01 With | ClearCut | Cable | 2.7 762 7 78 = " "
PotPourd W08 SR-O1 with | ClearCut | Cable 1.4 381 18 na ra 0 [ E
FishLake Mina E<01  SR-01 ] Without | Partial Cut| Cabls 10 742 8 2438 424 386 3e8
Fish Lake Mine E-01 _ SR-O1 | Wihout | ParialCut| Cable 10 742 25 348 138 26 24 N
Groen Canyon  E-04  SR-01 | Without | PanialCut| Ground | 16 851 17 680 na “277-dist -7 P
SelmonCr.  OD1 SR-02-NB | Without | ClearCut | Ground | 0.4 613 12 8%0 wa *&H0-dist “Bo0-dist
SamonCr.  O-01  SR-02-NB | Without | ClearCut | Ground | 04 613 | 28 535 an 391 334 N
Walker Pass ~ O-02 SR-D1-NB | Without | ClearCut | Ground | 0.7 381 8 1063 nia *547-dist *547-dist
Walker Pass __ 0-02 _SR-01-NB | Without | ClearCut | Ground | 0.7 381 23 1006 604 888 &77 N
GundersonCr 005 SR-01 | Without | ClearCut | Ground [ 0.5 181 B 2083 1223 1453 1153
Gunderson Cr  ©-06 SR01_| Without | ClearCut | Ground | 05 181 19 2057 554 341 3 N
GundersonCr  O-05  SR-02 | Without | ClearCut | Cable | 03 100 8 4954 2849 2849 2849
Gurdarson Gt 0-05  SR02 | without | ClearCut | Cable | 03 100 19 4954 2713 2451 2451 N
GundersonCr  0-05 SR-03-NB | Without | ClearCut | Ground | 0.2 380 10 1042 s02 470 470
Gundersan Cr 005 SR-03-NB | without | Clear Cut | Ground n'a na 14 e n/a n'a na N
ShemyCr  R-O7 SR-OI-NB| Without | Partisl Cut| Ground | 1.3 823 8 825 are 154 154
Sheny Cr RD7 _SR-D1-NB | Without | Partial Cut| Ground | 1.3 @sa 18 209 180 nia 52 N
SearsCr W01 SRDI-NB | Without | ClearCut | Ground [ 0.3 454 6 1412 1184 1184 1184
Sears Gr__ WeD1 _SR-01-NB | Without | ClearCut | Ground | - 0.3 454 17 1273 478 470 470 N
SearsCr W1 SR-02-NB | Without | ClearCut [ Cable | 02 270 8 2418 1013 950 588
SearsCr___ W-01 SR-D2-NS | Without | ClearCut | Cable | 02 270 17 1855 617 517 509 N
NeimanGr  W-D2 SR-01-NH | Without | Clelw Cut | Ground | 0.4 183 8 3320 1056 803 803
MeimanCr __ W-02 SR-01-NB [ Without | ClearCut | Ground | 0.4 183 17 3181 395 0 o E
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Change in
Ave. Net Change in | Subscore
Active Charnel | Change { Changs | Subscore for % Change
Forest Practice Water Channel Channel Ave. Condition | in Score | in Score for Physical | inScore | Afer/Before |BMP Effectivanass)
Site Name Site 1d # | Survey # Category”™ Survey Timing | Type | Morphology Class| Width {m}] Gradient Score {Y1..Yn)} (T-C) Dé&lﬂm Integrity |_(¥1..¥n} | Scora Ratio @

(Walker Pass 0-02 CS-03 CNTL Consurrent 4 Step-Pool 2.2 24% 52

\Walker Pass 002 GS-03 CNTL 12 mo's After 4 Step-Pool 22 24% 56 4 nia 4.0 0.0 8%

Walker Pass 0-02 GS-03 CNTL 23 mo's After 4 Step-Pool 22 24% 45 -7 na 20 -5.5 -14% 0.97

Walker Pass 002 £5-02 RLTAC Concurrant 4 Step-Pool 2.8 20% 52

Walker Pass o-02 C3-02 RLTAC 12 mo's After 4 Step-Pool - 28 20% 59 7. 3 4.0 3.0 14%

Walker Pass o2 CS5-02 RLTAC 23 mo's After 4 Step-Pool 2.9 20% 39 13 & 2.0 -11.0 -25% 0.94 EFFECTIVE
‘Walker Pass 082 Cs-01 RLTAC Concurrent A Stap-Pool 26 15% 52 .

'Walker Pass 0-02 C8-01 RLTAC 12 mo's After 4 Step-Fool 26 15% 59 7 3 4.0 3.0 14%

Walker Pass 0-02 C5-01 RLTAC 23 mo's After 4 Step-Foal 2.8 18% 40 -12 -5 2.0 -10.0 =23% 0.95 EFFECTIVE
Jupiter Road 003 | c501 CNTL Concurent | 4 Cascads 5.0 44% 57 '
|Jupiter Road Q-03 CS-01 CNTL 13 mo's After 4 Cascada 5.0 44% 56 -1 nla 20 10 -2%

Jupiter Road 0-03 £5-01 CNTL 22 mo's After 4 Cascade 4.9 44% 45 12 na 60 6.0 21% 0,89

| Jupiter Raad 003 | csoz ROAD Concurrent 4 Cascade 7.0 45% 54

Jupiter Road - 003 CS-02 ROAD 13 mo's After 4 Cascade 7.0 45% 54 0 1 3.0 30 0%

Jupiter Road 0-03 CS02 ROAD 22 mo's After 4 Cagcade 8.4 45% 32 -22 -10 -7.0 -15.0 -41% 0.80 NOT EFFECTIVE
Jupiter Road 003 CS8-03 ROAD Concurent 4 Cascade 5.0 42% 57

Jupiter Road Q-03 CS-03 ROAD 13 mo's After 4 Cascade 6.0 42% 57 a 1 0.0 0.0 0%

Jupiter Road 0-03 C§03 ROAD 22 mo's After 4 Cascade 7.5 42% 3 -26 -14 =7.0 -19.0 -46% 0.77 NOT EFFECTWE
Gurderson Creek 0-05 CS-01 NBCC Bafore 4 Stap-Pool 2.0 10% 37

Gunderson Creek 0-05 cs-01 NBCC 5 mo's After 4 St ool 1.7 10% 15 22 na -14.0 8.0 50%

Gunderson Creek 0-05 C5-01 NBCC 19 mo's After 4 Step-Pool 1.7 10% 24 =13 na -11,0 2.0 -35% 0.53 NOT EFFECTIVE
(Whale 0-06 CS-M RMZC Befora 3 Plane-Bed 14 3% 57

[Whale 0-08 s RMZC S mo's After 3 Plane-Bed 1.4 3% 53 4 wa =2.0 -2.0 -T%

(Whale C-06 CS-01 RMZC 19 mo's After 3 Plane-Bed 1.4 3% 54 -3 n'a 2.0 -1.0 -5% 0.94 EFFECTIVE
Gunderson il o-07 G504 RMZC Before 3 Step-Pool 2.4 11% 42

Gunderson Il ) 0-07 C5-01 RMZC 1 mo After 3 Step-Poo! 28 1% 41 -1 nla 5.0 £.5 2%

Gunderson If 0-07 Cc5-01 BRMZC 14 ma's After 3 Stap-Poo! 26 11% 44 2 wa 2.0 £.5 5% 1.01 EFFECTIVE
Gunderson Il o-07 Cs-02 BMZC Before 3 Step-Pool 28 7% 44

Gunderson |l 007 £8-02 RMZC 1 mg After 3 Step-Pool 31 % 3% 8 nia 0.0 B85 -18% .

Gunderson Il 0-07 CS-02 RMZC 14 mo's After 3 Step-Pool 3.1 7% 56 12 nia 2.0 10.0 27% 1.05 EFFECTIVE
Seurs Crask w01 £5-02 CNTL Before 3 Pool-Riffle 33 2% 54

Sears Creek w01 C3-02 CNTL 5 mw's After 3 Pool-Riffie 27 2% 59 5 n/a 1.0 4.0 % 1.08

|Sears Creek w1 C5-M RMZC Before 3 Pool-Riffla 3.3 2% 34

Sears Cresk w0l | cso RMZC 5 mo's After 3 Pool-Riffte 28 2% 51 17 12 100 70 50% 1.80 EFFECTNE
|Neiman Crask W-02 £5-02 CNTL Concurrent 3 Pool-Riffie 33 3% ar

Nei Craek w-02 €5-02 GNTL 15 mo's After 3 Pool-Riffie 33 3% ag 1 nia 3.0 4.5 3% 1,03

Neiman Creek woz | csom RMZC Concurrent 3 Pool-Riffle_ 52 1% 45 :

Nei Cresk W—O_Q CS-01 RMZC 15 mo's After 3 Pool-Riffls 5.2 1% 48 1 0 -2.0 3.0 2% 1.02 EFFECTIVE
Traln Whistle W-03 CS-01 ROADMNBCC Befcre 4 Step-Pool 18 3% 45

| Train Whistie Ww.03 CS-01A ROAD 12 mo's After 4 Planse-Bed 0.6 10% 7 -38 nfa 1.0 27.0 B4% 0.16 NOT EFFECTIVE
Train Whistie w03 | C5018 NBCC 5 mo's Afier 4 Step-Pool 15 3% 17 -28 nig 8.0 -20.0 £2% 0.38 NOT EFFECTIVE
Train Whistie W-03 G802 | ROADMNBGC Before 4 Cascade 2.0 28% 43

Train Whistle ] W-03 | CS-02A ROAD 12 mo's After 4 Plane-Bed 0.e 21% 9 =34 nfa -8.5 -24.0 19% o2 NOT EFFECTIVE
Train Whistia wﬁ GS-028 NBCC 5 mo's After 4 Stap-Pool 1.4 26% 16 -27 nfa -7.5 -19.0 -63% 0.37 NOT EFFECTIVE

Forest Practice Categories; CNTL=Control Site; RLTAC=Clearcut w/ RLTA; RLTAP=Partial Cut w/ RLTA: RMZC=Clearcut w/ RMZ; RMZP=Partial Cut w/ RMZ; NBCC=Clearcut w/o buffer; NBPC=Partial Cut w/o buffer; ROAD=Road crossing
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Change in
Ave. Net Change in | Subscore
Active Chanral | Change | Changs | Subscore for % Change
Forest Practice Water Channal Channet | Ave. Condition | in Scare | in Score for Physical | in Score | After/Before {BMP Effectivensss|
Site Name Site Id # | Survey # Category* Survey Timing | Type | Morphology Class| Width (m)] Gradient Score (M1 yml (T-C) | Deposition | Intearity | (¥1..¥n) | Score Ratio | Call

Pot Poursi W06 CS-H CNTL Before 3 Pogl-Riffle 75 1.8% - B2
{Pat Pourri W-06 CS8-01 CNTL 2 mo's After 3 Pooci-Riffle 76 1.8% B0 2 nia -2.0 0.0 -3%

Pot Pourri W-06 C5-01 CNTL 16 mo's After 3 Poot-Riflls 75 1.8% 58 -7 nfa 4.0 3.0 11% 0.63

Pot Pouri - w-08 cs-02 RMZC Before 3 Poal-Riffle B.Q 2% 82

Pot Pourri W08 €802 RMZC 2 mo's After 3 Pool-Riffle 6.2 2% 58 -4 -2 40 0.0 -T%

Pot Pourri W-08 GS-02 RMZC 16 mo's After 3 Pool-Riffle 6.0 2% 56 £ 1 -6.0 0.0 -10% 0.92 EFFECTIVE
Night Dancer W7 502 CNTL Before 4 Step-Pool 1.5 12% 33

Night Dancer w-07 Ccs.02 CNTL 2 mo's After 4 Step-Pool 1.5 12% 49 4 na ~4.0 0.0 -B% 0.g2

Night Dancer w07 CS-01 RMZC Before 3 Step-Pool 4.2 8% 60
|Night Dancer W-07 C3-01 RMZC 2 mo's After 3 Step-Pool 4.2 9% 39 -21 -17 -11.0 -10.5 -35% D.65 NOT EFFECTIVE
Friday Craak il 504 C5-02 CNTL Concurrent 3 Cascade 6.8 13% 59 :

|Friday Cresk {1 504 C8-02 CNTL 17 mo's After 3 Cascade-Step 6.8 13% 48 -11 na 4.0 -3.5 -19% 0.81

|Friday Cragk i S-04 C5-M RMZC Concurrent 3 Cascade-Step 7.8 11% 54

Friday Crask Ii 5-04 CS5-01 RMZ( . 17 mo's A_fzer 3 Cascada-Step 7.8 11% 46 -5 3 -4.0 -4.5 -15% 0.85 EFFECTIVE
Eleven 32/Vail Control 5-07 CS-03 CNTL Befors 4 Castada 20 26% 56

Eleven 32Vail Control S-07 C8-03 CNTL 10 mo's After 4 Cascada 20 26% 54 2 0.0 -2.0 -4% 0.96

Elaven 32 S5-07 £5-01 RMZC Befors 4 C d 2.3 - 2% 45

Elaven 32 507 C8-01 RMZC 10 me's After 4 Cascade 2.3 27% 40 -5 -3 -1.5 -3.0 -11% 0.89 E_FFECTNE
Elaven 32/Vail Controt 5-07 Cs-04 CNTL Before 4 Step-Poot 3.1 1% 55 )

LE_!even 32/Vail Control 807 CS-04 CNTL 10 mo's After 4 Stap-Pool 3.1 1% 568 1 2.0 -2.0 2% 1.02

Elaven 32 S07 C5-02 NBCC Before 4 -Step-Pool 1.5 15% 57

Elaven 32 S-07 CS-02 NBCC 10 mo's After | 4 Step-Pool 1.5 15% 27 -30 1 -19.5 -10.5 -53% 0.47 NOT EFFECTIVE
Kapowsin/Elbe Control 508 C¢502 CNTL Before 3 Step-Pool 3.2 11% &5

Kapowsin/Elbe Control 5-08 C5-02 CNTL 2 mo's After 3 Step-Pool 3.6 11% 56 -5 na -8.0 -1.0 -14% 0.86

Kapowsin 5-08 CSM RMZC Bafore 3 Step-Pool 54 11% B84

Kapowsin 3-08 CS-01 RMZC 2 mo's After 3 Step-Pool 5.4 11% _6".3_ -2 7 0.0 -2.0 -3% 0.97 EFFECTIVE
|Simmens/Elba Control 09 C5-02 CNTL Bafore 3 Step-Pool 3.2 11% 65

Simens/Elbe Control | $-09 CS02 CNTL 4 mo's After 3 Step-Fool 36 11% ] 5 na 4.0 -1.0 8%

Simmens/Elbe Control 5-08 C8-02 CNTL 14 mo's After 3 Step-Pool 3.6 11% 56 -9 nla 8.0 .0 -14% 0.89

ISin'mons 508 CS-0 RMZC Bafore 3 Step-Pool g 8% 83

Simmens s09 | cso _RMZC 4 mo's After 3 Step-Pool 3.8 8% 47 -16 -11 -10.5 £0 -25% PARTIALLY
Simmons 5-09 C5-01 RMZC 14 mo's After 3 Step-Pool 3.9 8% 50 -13 -4 6.0 7.5 21% Q.77 EFFECTIVE |
|SinmnsiElba Contrgl 509 CS5-04 CNTL Before | 4 Step-Pool 0.8 16% 56 :
ISimmonsIEIbe Control S-09 CS-04 CNTL 4 mo's After 4 Step-Pool 11 16% 52 -4 nia 0.5 3.0 -T%
|simmensiEibe Contral 500 | €304 CNTL 14 ma's Aflar 4 Step-Pool 1.1 16% 45 BT nia 7.0 4.0 -20% 0.87
|Simmons S-09 C3-02 NBCC Befure 4 Step-Pocl 1.0 12% 62

Simmons §-08 C8-03 | -~ NBCC 4 mo's After 4 Step-Pool 1.5 12% 23 -39 -35 =23.0 =16.0 £3%

Simmons 509 £5-03 NBCC 14 mo's After 4 Stap-Poal 1.5 12% 30 -32 -21 -21.5 -11.0 -52% 0.43 NOT EFFECTIVE |
[Upper Shop N-01 C5- RLTAC 3 mo's affter 4 Step-Pool 18 9% 62

[Upper Shop N-O1 CS-01 RLTAC 14 mo's After 4 Stap-Pool _ 31 % &0 2 nia 2.0 0.0 3% 0.87 EFFECTIVE
|Upper Shop N-01 €502 RLTAC 3 mo's after 4 Step-Pool 28 10% 55 . )

Upper Shop N-01 C8-02 RLTAC 14 mo's After 4 Step-Pool 3.5 10% 57 2 L] 40 - -2.0 4% 1.04 EFFECTIVE

*Forest Mm Categories: CNTE~Control Site; RLTAC=Clearcut w/ RLTA; RLTAP=Partial Cut w/ RLTA; RMZC=Clearcut w/ RMZ; RMZP=Partial Cut w/ RMZ; NBCC=Clearcut w/o buffer; NBPC=Partial Cut w/o buffer; ROAD=R.0ad crossing.
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| ‘ ‘ Change in
Ave. Net Change in | Subscore
Active Channel | Changs | Change | Subscore for % Change
Forest Practice . Water Channel Channel Ave. Candition | in Score | in Score for Physical | in Score | Afler/Before | BMP Effectiveness|
Site Name Site I;! # | Survey # Category* Survay Timing § Type Morpho!ogy Class| Width (m}] Gradient Score (Y1..¥Yn)| (T-C) | Deposition | Integrity | (Y1..¥n) | Score Ratio Call
Fish Lake Mine E-01 C5-01 NBPC Betore 4 Step-Pool 1.5 12% 57 .
Fish Lake Mine E-1 cs.01 NBPL 1 mo After 4 Step-Pool 1.3 12% 43 -9 nfa -4.0 5.0 -16% NOT
Fish Lake Mine E-01 CS5-01 NBPC 11 ma's Aftar 4 Step-Poot 1.6 12% 34 -23 n/a -10.0 -13.0 -40% 0.72 EFFECTIVE
Fish Lake Mine E-Ot £5-02 NBPG Betore 4 Step-Pool 1.5 7% 51
Figh Lake Mine E-01 C5-02 NBPC 1 mo After 4 Step-Poal .15 17% 38 -13 nia -3.0 -10.0 -26% 0.66 NOT
Figh Lake Ming E-01 C5-02 NEPC 11 mo's After 4 Step-Pool 2.3 17% 29 -22 nfa 5.0 -16.0 -43% - EFFECTIVE
Plesha Road E-02 CS-M CNTL Concurrent 4 St ascade 1.8 19% 47
Plasha Road E-02 £8-01 CNTL 15 mo's After 4 Stap-Cascade 1.7 19% 47 [1] 0.0 0.0 0%
Plesha Road E-02 C€S-01 CNTL 25 mo's After 4 Sten-Cascade 1.7 19% 49 2 na 2.0 0.0 4% 1.02
Plasha Road E-D2 CS-03 ROAD Concurrent 4 Stap-Pool 2.2 15% 3 a .
Plesha Road E-02 Cs-03 °__ROAD 15 mo's After 4 Stap-Pool 2.2 15% 39 8 B8 2.0 8.0 6%
Plasha Road E-02 ©S-03 ROAD 25 mo's After 4 Stap-Pool 2.2 15% 25 -8 -8 80 - 2.0 -19% 1.03 EFFECTIVE
{Muddy Control R-02 C3-04 CNTL Bafora 4 Step-Pool 1.3 B% 61
Muddy Conlro! RO2 | Cc504 CNTL Tmo'sAfier | 4 Step-Pook 1.3 a% 55 ] nfa 70 1.0 -10%
Muddy Control R-02 CS5-04 CNTL 17 mo's After 4 StepLPool 1.3 8% €1 4] nfa -1.0 1.0 0% 0.95
IMuddy Wast R02 C5-01 ROAD Before 4 Step-Poot 2.4 12% 61
R-02 C5-01 ROAD 10 mo's After 4 Step-Pool 23 12% A5 -18 10 -8.0 -8.0 26%
RO2 £S-01 ROAD 20 mo's After 4 Step-Pool 23 12% 51 -18 -10 3.0 7.5 -16% 079 ° | NOT EFFECTIVE
R-O2 C8-03 RMZP Befora 4 Step-Pool 27 10% 55
R-02 CS803 RMZF 7 mo's After 4 Step-Pool 23 10% 45 -10 -4 0.0 0.5 -18%
R-02 C3-03 RMZP 17 mo's After 4 Step-Pool 23 10% 48 -7 =7 -1.0 6.0 -13% 0.85 EFFECTIVE
RO2 | CS05 CNTL Befors 4 Stap-Pool 13 10% £2
Muddy Contral R-02 C5-05 CNTL 7 ma's After 4 Step-Pool 1.4 10% &0 -2 -1.5 0.0 -3% 9_:97
[Mucdy west R02 | cs02 RLTAP Before 4 Step-Poal 08 14% 58
IMuddy \Wast R-02 C3-02 RL.TAP 7 mo's After 4 Step-Pool 1.3 14% 56 =3 =1 -2.0 -1.0 5% 0.85 EFFECTIVE
|Muddy Control R-03 CS-04 CNTL Before ~ | 4 Step-Pool 1.3 8% &1
IMuddy Cantrol R-03 CS-04 CNTL 7 mo's After 4 Step-Pool 13 8% 55 £ nfa -1.0 1.0 A0% | 0.90
IMuddy East R-03 Cs-01 RMZP Before 4 Step-Pool 1.1 10% 55
{Muday East ROz | cso1 RMZP 7 mo's After 4 Step-Poot 1.2 10% 50 -5 1 0.0 -5,0 9% 0.81 EFFECTIVE
IBud:.Easl R-04 L8001 CNIL___| ___Bafore 3 Step-Pool 17 12% 56 .
Buck East R-04 C5-01 CNTL B mo's After 3 Step-Pool 1.8 12% 51 5 nia -2.0 2.0 3% 0.91
|Bunk East R-04 | CSo2 RMZP Before 2 Step-Pool 1.7 10% 58
|Buck East R-04 C5-02 RMZP 6 mo's After 3 Step-Pool 1.5 10% 52 -5 -1 1.0 -71.0 ~10% 0.90 EFFECTIVE
|Buek West R-05 cso2 CNTL Before 3 Step-Pool 3.0 8% 59
Buck West R-05 C5-02 CNTL & mo's After 3 Step-Pod! 28 7% 46 -13 n'a -5.0 -4.0 -22% 0.78
[Buck west RO5 | CSO1 RMZP Befora 3 Stop-Pool 25 % 62
|Buck Wast R-05 C5-01 RMZFP 6 mo's After 3 S@-Pool &4 B% 85 3 18 4.0 -1.0 5% 1.05 EFFECTIVE
i | R05 | cs01 | RMZP Before 3 c Jo-Step 4.0 9% A2
ﬁ:% Fal - Watl qrg_u 7 mna's Afar 3 [ ! stﬂ'r_\ aAD =74 A5 3 nla RS X 7% 107 FEEECTIVE |

Forest Practice Categorics: CNTL~Control Site; RETAC=Clearcut w/ RLTA; RLTAP=Partial Cut w/ RLTA; RMZC-Clearcut w/ RMZ; RMZP=Partial Cut w/ RMZ; NBCC=Clearcut w/o buffer, NBPC=Partial Cut w/o buffer, ROAD=Road crossing.
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Change in
Ave. Net Change in | Subscore
Active Channel | Change | Change | Subscors for % Change
Forest Practice Watar Channel Channel Ave. Condition |- in Score | in Score for Physical | in Score | After/Before |BMP Effectiveness)
Site Name Site id# | Survey # [ Category” Survey Timing | Typa | Morphology Class] Width (m)] Gradient Score | (Y1..¥n})| (T-C) | Deposition | Integrity | (Y1..¥Yn) | Score Ratio Call
Shemy RO7 cs-o1 CNTL Before 4 Step-Pool 11 8% 62
Shermry R-07 €5-01 CNTL 5 mo's After 4 Step-Pool 1.2 8% 59 -3 na -6.0 3.0 -5% 0.95
Sherry R-G7 C3-02 NBPC Before 3 Step-Pool 0.9 E% 50
Sherry R-O7 c502 NBPC 5 mo's After 3 Step-Pool 0.9 6% 56 3 0 25 0.0 5% 0.85 EFFECTIVE
Sherry R-07 £S5-068 ROAD Concurrent 3 Step-Pool 13 5% &1
Shery R-07 CS-06 ROAD 10 me's After 3 Step-Pool 14 5% 52 9 £ 5.5 -3.0 -15% 0.85 EFFECTIVE
Sherry R-O7 Cs-03 CNTL Befora 3 Step-Pool 22 4.5% 85
Ishﬁn'y R-07 C5-03 CNTL 5 mo's After 3 Step-Pool 3.0 4.5% &1 -4 0.0 -4.0 5%
Sharry R-07 CS-03 CNTL 17 mo's After 3 _Step-Pool 3.0 A4.5% 56 8 nia -8.0 -1.0 -14% 0.90
Sherry R-07 C5-04 ROAD Bafore 3 Step-Ponl 2.3 6% B4 )
Shery R-07 C5-04 ROAD & mo's After 3 Step-Pool 1.8 6% - 51 -13 9 8.0 4.0 -20%
Sherry RO C5-04 ROAD 21 mo's After 3 Step-Pool 18 &% 49 -5 8 -10.0 5.5 -23% 0.78 - EFFECTIVE
| Sherry rRo7_| €505 RMZP Bafore 3 _Sisp-Pool 1.7 4.8% 68
Shery R-07 C5-05 RMZP 5 mo's After 3 Step-Pool 2.0 4.9% 55 -13 ] £.0 7.0 ~19%
Shemy R-07 C5-05 RMZP 17 mo's After 3 Stap-Fool 29 4.9% 58 -10 -4 9.5 -1.0 -15% 0.83 EFFECTIVE
[Amazon R-08 CS5-01 CNTL Before 3 Pocl-Riffia -37 1% 5
| Amazon R-08 Cs-01 CNTL 8 ma's After 3 Pooi-Riffle 37 % 50 -1 nfa 0.0 10 2% 0.98
Amazon R-08 c502 RMZP Before 3 Pool-Riffle 2.0 1% 49
Aaviazon R-08 C5-02 RMZP 8 mo's After 3 Pool-Riffla 20 1% 47 -2 A 30 S50 __ -4% 0.96 EFFECTIVE
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Appendix E: Summary of Stream Bank Erosion Survey Results.

Percent
Length | Total |Percent of Percent Percent of {Total Area)
Total of Percent of of Erosion of Percent of Percent of Erosion of
. Forest Reach | Bank |Eroding| Bank |Erosion] dueto | Erosion |Erosion due|Eroslondueto| dueto | Ereding
Study Site Site | Survey | Practice | Survey | Length | Length | Banks | Length | dueto |Faling&| dueto o Channel | Unknown | Banks | BMP Rated
Name 1D # 1D # Category Tlmlna {m} {m) {m) Eroding Scour Yarﬁlnﬂ . Wildlife | Windthrow | Destabilization| Cause {m?) Effactive?

lesha Rd E-02 SE-02 Road During 57 111 33.6 35% 100% 0% 0% 0% 0% 0% 38.7

lesha Rd E-02 SI;;Q; |Road After 57 111 45.8 41% 100% 0% 0% 0% 0% 0% 45.3 Yas
| lesha Rd E-02 SE-01 Control Befote 32 77 207 27% 100% 0% 0% 0% 0% 0% 11.0

lesha Rd E-02 SE-01 Co=n=trol After 32 77 30.2 8% 100% 0% 0‘9_5 0% 0% O‘Zo 24.9

iunderson Cr. [0-05 SE-01 NB-CC Before 56 121 33.0 27% 92% 0% 0% 8% 0% 0% 3.4

iunderson Cr. 10-05 |SE-01 NB-CC After 56 121 53.2 44% 85% 35% 0% 0% 0% 0% 75.8 No

wunderson Cr. (0-05 SE-02  |Control Before 66 146 15.0 10% 100% 0% 0% 0% 0% 0% 7.3

junderson 2 |O-07 SE-02 RMZ-CC |Before B6 141 33.0 23% 100% 0% 0% 0% 0% 0% 19.9

wnderson 2 (0-07 SE02 RMZ-CC  |After 66 141 30.9 22% 79% 0% 0% 21% % 0% 28.9 Yes

luddy West |R-02 SE-01A |Road Before 24 60 0.0 0% 0% 0% 0% 0% 0% 0% 0.0

luddy West (R-02 SE-01A |Road After 24 60 19,1 32% 4% 0% 0% 0% 96% 0% 59 No

luddy West  |R-02 SE-01B |RMZ-PC |Befgre §2 156 0.0 0% 0% 0% 0% 0% 0% 0%

luddy West |R-02 SE-01B |RMZ-PC  |After 62 156 4.8 3% 83% 0% 17% 0% 0% 0% 1.1 Yas

fuddy Control [R-02/3 [SE-02  (Confrol Before 51 131 0.0 0% 0% 0% 0% 0% 0% 0% 0.0

luddy Conlrol |R-02/3 _|SE-02__:Control _|Afler 51 131 0.0 0% 0% 0% 2% 0% 0% 0% 0.0

'Iudd! East R-03 SE-01 RMZ-PC _Bﬁra 36 a7 2.3 2% 87% 0% 13% 0% 0% 0% 0.5

luddy East R-03 ISE-01 RMZ-PC |After 36 a7 7.0 % T4% 0% 26% 0% 0% 0% 2.1 Yes

uck West R-05 SE-D2 RMZ-PC _|Before 87 171 0.3 0% 100% 0% 0% 0% 0% 0% 0.1

luck West R-056 SE-02 |RMZ-PC | m 87 171 gﬂg 1% 0% 0% 0% 100% 0% 0% 1.4 Yas
| ek West R-05 SE-01 Control Bafora 84 149 43 3% 0% 0% 100% 0% 0% 0% 1.3

juck West __|R-05 _|SE-01 _|Control _|After 84 149 7.4 g% | 0% | 0% 100% 0% 0% 0% 2.0

sherry R-07 SE-03 Road During 61 136 1.5 1% 0% B7% 33% % 0% 0% 0.5

therry rRo7 __ |se-o3 jRoad  !Afer 61 | 138 A7 3% T 0% 0% 100% T 0% T. U™ U% 1.0 Yes

therry R-07  SE-02 |NB-PC  |Befors 33 81 20 2% 0% 0% 40% 0% 0% 80% 05

sherry R-07  |SE-02 |NB-PC  |After 33 81 18 2% 0% 0% 78% 0% 0% | oo% 0.8 Yes

thery . |RO7  |SE01 |Control |Befote 58 121 23 2% 0% 0% 43% UKL 0% 5% 3.1

shery R-07 SE-01 Control After 56 121 27 2% 59% 0% 1% 0% 0% 0% 1.0

{apowsin S-08 SE-01 RMZ-CC |Before 130 284 20.8 7% 100% 0% 0% 0% 0% 0% 12.2

{apowsin S-08 SE-01 RMZ-CC |After 130 284 B8.9 31% 42% 11% 0% 47% 0% 0% 11.5 Partially

‘ibe §08/9 |[SE-02 |Control |Before 76 174 | 113 8% 100% | 0% 0% 0% 0% 0% 3.7

ilbe 5-08/9 SE-02 Control After 76 174 12.5 7% 100% 0% 0% 0% 0% 0% 3.8

zlbe S-08/% |SE-02 Control After 76 174 12.3 7% 100% 0% 0% 0% 0% 0% 4.3

simmons 509 SE-01 RMZ-CC |Before 87 145 0.0 0% 0% 0% 0% 0% 0% 0% 040

simmons 508 [sE-m [RMZGC  [Afler &7 145 125 9% 15% 0% 17% 68% 0% . % 171 ]

Simmons 509 SE-01 |{RMZ-CC [After 87 145 15 8% 14% 0% 12% 37% 0% 0% 15.8 Yes
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Appendix F: Summary of Culvert Condition Survey Results for Stream Crossing Gulverts

Erosion Unambiguous
Erosion | Severity at Sediment
Averags| 10yr-24hr Height' | Severity at| Outflow Fill Eroslon|  Deposits -
Annugl | Storm Drainage| Vertical j of [Inflow Side| Sideof | Gy | Volume Distance BMP
Swdy | Lithology [ Predip. || intensity Months Since| Culvert | Water |(Distance | Spacing | Culvent | of Cutvert | Culvert | Erosion | Estimate | Downstream | Effectiveness
Study Site Neme | Sita (D% Type in} | Construction | Number, {m_ L@E L Fill (mp | i EF | veamin)] (m% {m). Call_{¢estblc) Other-Cbaarvations
Muddy West R-02 Granitic 45 245 11 1 4 147 | 45 2 Mod AL Mo 20 Wo hanging 0.5m
Muddy West R-02 Granitic 45 245 11 4 4 194 | 188 6.5 Sevare | Severg Yes a1 0 No hanging 0.8m
Muddy Wast RO2 Granitic 45 2.45 11 5 4 105 79 4 Savers | Mod Yes 0.7 & No hanging 0.3m
Muddy Wast R-02 |__Granitie | 45 245 . 11 [:] 5 358 29.7 2 Severs Savere Yos 0.1 105 No 17.5m"+ instream deposit from C8 fill & drainage segment srosion,
Muddy Wast R-02 Granitic 45 2.45 1t k] 5 42+ nfa 3 Severa Severe ‘ No 0.1 30 Ne 2.0m’ i deposit from C9 fill & drainage segment erosion
Shemy R-07 Granitic 31 2.45 9 1 5 7 29 5 Savars Severs Yes 33 No hanging 0.5m; fifl extends beyond cutvert cytfall
Sheny R-07 Granitic # 2.45 ] 2 4 176 3.3 4 Severe | Severe | Yes 1 No hanging 0.4m; il exterds beyond culvert oulfalt
Shany R-07 Granjtic N 245 -] 4 3 |. 158 5.4 25 Severa Severe Yes 7 No hanging 0.2m
Shemry RO7 | Graniic | 31 | 245 9 7 3 | 448 | 205 | 2 | Severe | Sevas | Mo 5 No
Upper Shop N-G1 | M phic| 89 3.85 15 1 L] 107 3.2 2 Nona Slight No Yos well armored; hanging 0.5m
Upper Shop NO1 ! Metamorphic| 89 3.85 15 3 4 133 34 2 Nona Slight No 26 Yes  |well armored; hanging 0.3m
Upper Shop N-G1 | Metamorphic| 68 3.85 15 4 4 147 5.5 2 None None No Yas well annonad
Upper Shop N-01 | Matamorphic| 69 3.5 15 8 4 72 22 15 | Shght None No Yes _|wel armored; hanging 0.5m
Upper Shop N-01 | Metamorphic| 6% 3.85 15 7 4 86 2.0 3 Nons Shght No Yos well armored
Plesha Road E2 S ary a7 .40 16 4 4 a5 2.2 25 Slight Mod: Yes 45 No
Plesha Road E-02 | Sedimentary 37 3.40 16 5 5 18 0.5 2.5 Slight Moderate Yos No
Piesha Raad EQ2 | Sadi Y 37 340 18 & 5 80 1.5 3 Nona Modsrate Yes 12 No
Gunderson O-05 | Sadi ¥{ 108 6.80 18 2 El 38 23 2 Slight Shight No 7 Yes _ |good gstation; hanging 0.3m
Gundarson C-05 | Sedimantary} 108 B8.90 18 3 5 63 25 1 Siight Severs Yes 25 No hanging 1.2m
Gunderson C05 |Sedmentary; 108 8.90 18 5 5 48 0.5 1 Moderate | Mod No 48 No hanging 0.6m
Gunderson 005 y| 108 6.80 18 8 5 ‘2 02 2 Slight Shght Mo 30 Yoz |goodrevermtstion: tangingoem———————
Gunderson o058 & ary| 108 6.80 —18 g 3 78 3-8 3-5 Severs Sevars Ne- X st N
Gunderson G-05 | Sedimentary| 108 6.90 .18 11 4 102 8.8 8 Severs Savere Yas 33 unspac. dist. Na hanging 0.6m
Gunderson C-05 | Sedimentary| 108 6.90 19 13 5 52 1.6 1 A Mod No unspac. dist. Na hanging 0.4m
Gunderson O-05 | Sedimentary| 108 6.80 19 14 4 77 27 8.5 | Mod Severm Yos 09 No hanging 0.5m
Gunderson Q05 | Sedimsntary| 108 8,850 19 18 5 139 0.7 15 | Moderate | Severe No 10 No
Jupiter O-03 Volcanic 78 6.15 13 1 4 127 8.0 14.5 Slight Moderate Yes 251 20 No hydromulch; hanging 2.3m
Jupitar o-03 Volcanls 78 8,15 13 3 9 136 7.0 4 Modk Moderata Yos 50 No hydromuleh; hanging 0.4m
8 Road Unit 2 502 Volcanic 77 4.50 21 1 5 75 23 & Slight Slight No No partially armored, hydromulch
—B-RoadUnitZ——S-52 Yolcarie 7 +50 2t 2 ¥ CAl:] 2% ¥ ST SR kil Yoz [well anmerad, hydromalch
Ohep-Blowdewn——S Woleanic 5—T—855 20 1 5 127 % % Now Shight— L] Yes [weiT annored, hanging 1.3m
Ohop Blowdown | 503 Velcanic 53 3.56 20 " 4 70 53 3 Slhight Slight Na Yes weill armomed; hanging 0.2m
Ohop Blowdown 503 Volcame. 53 3.55 20 12 5 93 11.2 1 Severa | Moderate No No @ T5 ssapichannel head; hanging 0.6m; only partially rafieves dich,.
Ohop Blowdown | 503 Volcanic 53 3.556 20 13 5 na na 1 Slight Slight No Yes well armored, hanging 06.7m
Train Whistia w03 Vaolcanic -] 480 21 2 4 101 2.0 8 Severe i Moderate Ne 18 43 No partially armorad & outfall, hydromulch; hanging 0.5m
Train Whistle W-03 Volcanic 80 4.80 21 3 a4 131 5.4 13 Modornate Shght No 0.5 60 No well armored @ outfall, hydramulch; hanging 0.4m
Train Whistie W-03 ‘olcanic 88 4.80 21 4 ] 138 248 8 Severe Shght No 1.2 unspec. dist. No weil armored @ outfall, hydromuich; hangng 0,3m
Train Whistia W03 Volcanic a5 4.80 21 5 £ . 289 20.8 12 Severs Shight No 0.7 100 No hanging 3.4m
Traim Whistie W-03 Volcanic 88 4.80 21 8 5 111 137 4 Slight Severs No 0.5 No
Train Whistis W-03 Voﬁmc ] 4.80 21 8 & 45 3.8 5 Severe Slight Ye_j_ 0.4 No well armored & outfall
1. Culvert il helght as measured at outflow side of culvert,
& ity ob ions basad on surveys conducted during second year of road iife; additional follow-up surveys were conducted at some sites
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Appendix G: Summary of Survey Results for Relief Culverts

* Sediment transport terminus: “H" = hillslope; "W = natural waterbody.

Avarage
Hillslope | Chennallzedr
Average| 10yr-24hr Average | Gradient | Ovarland Flow | Sediment BMP
Study Annual Storm Culvert ; Dralnage | Verticai | Road Belaw T port | Eff
Study Site Site Litholegy | Preclp | Intensity |Months Since| Culvert | Spacing | Distance | Spacing | Gradlent | Culvert Transport Terminus Call
Name 1D# Type e} {in.) Construction | Numbar | {m) {m) {m) {%]) %) D {m) | (Horw): {Yas or No| Commaents
Muddy Wast R-02Z Granitic 45 245 11 2 480 nfa s na 14% 0.5 H Yes road segmant partially outsiopad, w/10 WBs
Muddy West R-02 Granlfic 45 2.45 11 3 161 126 18 8.3% 24% 21 w No 3.4+ m’ sed. deliverad; daposition to 32m downsiream
| Muddy West R-02 Granitic 45 2.45 1 7 asa 203 153 7.5% 13% 80 H ' Yos 50m’ sed. plume downslope; 3 WBS llad upsiope
Muddy West R-02 {ranitic 45 245 11 ] 203 2 o7 3.0% 18% 14 H Yeg _
Shery ROY Granitic 31 245 i) 3 384 89 1.9 28% 7% 0.5 H Yas -
Shemy R-07 Granitic a1 2.45 g 5 83 48 0.1 0.2% 7% [ H Yes
Shery R-07 Granitic 31 245 k] B 109 96 29 3.0% 7% 1 H Yas
Sharry R-07 Granitic 31 245 9 8 9 58 28 5.0% 6% 11 W No GW interception-ditch flow ]
Shemy R-07 Granitic H 245 9 1] 72 72 22 3.1% 8% 0.5 H Yes |GW interception-ditch flow/draining forested d
UpparShop | N-01 | Metamorphic! 89 3.85 15 2 177 177 53 A0% 11% 12 H Yes only partiafly refleves ditch; GW interception N
|__UpperShop | N-O1 | Metamorphic| 89 3.85 15 5 81 1 1.5 2.0% 16% 100 w No only partiafly relleves ditch; GW intarception
Plesha Road E-02 | Sedimentary 14 340 27 1 104 104 5.9 3.7% 21% 7 H Yes trap at inflow
Plesha Read E-02 | Sedimentary k14 340 27 2 08 96 8.0 9.4% 0% n H Yas sediment trap at inflow; W8 installed 41m upsiope
Flasha Road E-02 | Sadi i a7 340 27 3 125 125 10.0 8.0% 2% 0.5 H Yes sediment at inflow .
Plesha Road E-02 | Sedimentary a7 3.40 27 7 133 119 109 2.9% 2% 27 H Yes WE installed 52 m upstope
Plesha Road E-02 | Sedimantary 37 3.40 27 8 139 138 07 7.7% 15% 21 H Yes
Plesha Road E-02 | Sedi ¥ 37 340 27 9 110 110 8.8 B8.0% 10% 5 H Yes
Gundaerson 0-05 . | Sedmentary 108 5.80 k%] 1 5 E] 6.3 .0% 5% 2 H Yeos @ start of road
Gunderson 005 | Sedimentary 108 6.90 33 4 58 28 39 1.9% 5% 28 w No 3 _
Bunderson 005 imentary | 108 |  6.80 33 7 a4 4% 0.2 0.4% % 2 H Yes slash phie below culvert
Gunderson 0-05 | Sedimentary 108 6.80 33 h:] 45 42 1.7 4.0% 10% 59 H Yoy pius addiional dreinage of C10
Gundaersen 0-05 | Sedimantary 108 6.90 33 10 42 118 6.9 6.0% 12% Fi) H Yes only ially ref ditch.
Gunderson 005 | Sedimsntary 108 .80 a 12 64 132 5.2 R 20% 7 W No
Gunderson 005 | Sedimentary 108 £.90 33 15 63 157 124 7.7% 15% 160 H Yes drains aguss landing: channelized S7m @9 me./S0m W19 mo., ets.
Gunderson Q05 | Sadimentary 108 £.90 33 17 138 110 12.4 11.3% 13% 14 w No
- Neiman W.02 | Sadimentary 78 4.40 ) 1 288 269 218 8.1% 8% 24 w Ne 32m” plug sed. delivered
Neiman W.02 | Sedimentary 78 440 20 2 253 253 18.7 8.2% 14% 85 w No 89m’ sed, defiversd (121m3 from C1AC2 combined)
W-02 | Sedimentary 76 440 20 3 43 157 173 11.0% 5% 15 w No
Neiman W02 | Sedimantary 76 4.40 20 4 157 220 17.8 8.0% 17% 120 H Yas
Jupiter o3 Volcanic 78 8.15 2 2 149 178 4.5 25% 3% 50 H Yeas
Jupiter 003 | WVelcanic 78 8,15 22 4 74 114 22 1.9% 37% 1° H Yes |pius edditional upsiopa drainage
B Road Unit 2 5402 Velcanic 7 4.50 21 3 188 148 70 4.8% 23% 30 H Yes
Ohap Blowdown | 503 Voleanic 53 3.55 20 - 1 n‘a na wa na 18% 0.5 H Yes
Ohop Blowdown ] 5-03 Valcanic 53 3.55 20 2 138 100 2.0 2.0% 22% 3 H Yes
Ohop Blowdown | 5-03 Volcanic 53 355 20 3 58 253 9.2 3.6% 2% 0.5 H Yas
Ohop Blowdown | S-03 Volcanic 53 358 20 4 219 35 1.2 4% 8% 0.5 H Yes
Ohop Blowdown | 503 Volcanic 53 3.55 20 5 61 128 5.4 4.3% 1% 05 H Yas
| Ohop Blowdown | S-03 Voleanic . 83 355 20 7 52 253 11.7 4.6% H% 70.5 H Yeos
| Ohop Blowdown [ S.03 Volcanic 53 3.55 20 -] 253 154 7.7 5.0% 0% 0.5 H Yes
Ohop Blowdown | 5-03 Veleanic 53 3.55 20 ] 154 100 25 2.5% 2% 0.5 H Yas
| Ohep Bfowd 803 Volcanic 53 355 20 10 249 148 84 S58% 20% 05 H Yas
Train Whistis W-03 Volcanic 88 4.80 21 1 128 213 145 6.8% 24% - 20 H Yes dratinage ditch constructed bolow outfall.
Tran Whistle w03 Volcanic 86 4.80 21 8 99 a7 4.7 7.0% 22% 1% H Yes
Teaim Whistie W-03 Volcank -] 4.80 .21 7 75 38 30 B3% 20% 0.5 H Yas rocked beiow outfall.
Train Whistle wW-03 Volcanic 66 4.80 21 10 40 na n/a n/a 20% 0.5 H Yes
Bus Stop W-05 Volcanic 82 5.50 15 1 - 184 1684 16.2 9.3% 2% B H Yes - .
Bus Stop W05 Volcanic 5.50 15 2 317 97 126 13.0% 15% 0.5 H Yes Iarge sadiment bray
Bus Stop W-05 Volcanic 82 .50 15 3 108 108 50 4,6% 8% 1 H Yes
Bus Stop W-05 | Yolcanic &2 5.50 5 4 215 215 75 35% 18% 05 H Yes |




Appendix H

Summary of Cutslope/Fillslope
Survey Results




Appendix H: Summary of Cutsiope/Fillslope Survey Results

Average 10 yr-24 hr Drainage Average Maximum Cutslope Average Maximum Fillsiope
Annual Storm Manths Sagment Average Average Average Cutslope Cutslope Percent Fillslope Fillslope  Percent Cutslcpe Fillsiope
Study Site Site Survey Lithology Precipitation Intensity Since Length  Culslope Hillsiope Road Height Height Exposed Height Height  Exposed BMP BMP
Name ID# number Typo (Indyr) {in) Ct ion {m) Angle Gradient  Gradient (m) {m) Soil {m} {m) Soil Effactiveness Effectivenes:
Muddy West RO2 CF0 Granitic 45 245 1 147 38 dag. 16% 3% 2 3 88% 3 4 88%
Muddy West R-02 CF-01 Graniic 45 245 10 147 38 deg. 18% 3% 2 3 83% 3 4 75% YES YES
Muddy West R-02 CF-02 Granitic 45 2.45 1 143 42 deg. 3I7% 11% 3 7 BB% L] 10 15%
Muddy West RO2 CF02 _ Graniic as 245 2 143 43 deg AT% 1% 3 7 78% 4 10 73% NQ NO
Sherry Cr. R-07 CF-01 Granitic K3 245 2 227 32 deg, 30% 3% 3 7 88% & 15 88%
Sherty Cr. RO7 CFo1 Granitic 3 245 9 227 33 deg. 30% A% 3 7 88% s 15 8%
Sherry Cr. RO7 CFo Granitlc 3| 245 il 227 33 deg. 30% % 3 7 TT% 5 18 57% NO YES
Sherry Cr. RO7 CF02 Granitic k| 245 -2 447 43 deg. 16% 5% 2 3 88% 4 7 88%
|Sheny Cr. RO7 _CFO2  Granitc E 245 g 447 43 degy. 16% 5% 2 3 22% 4 7 57% YES YES
Fish Lk. Mine Rd,  E-01 CF-01  Metamormphic 86 4.60 14 78 32 deg. IT% 2% 3 7 83% 8 12 %
Fish Lk Mine Rd. E-01 __CF.01 _ Metamorphic [ 4.0 24 79 32deg. 37 9% 3 z 63% 8 12 54% YES YES
Upper Shop N-01 CF041  Metamorphic 89 285 5 312 34 dag. 1% 2% 2 3 3% 1 3 22%
Upper Shop " N-D1 CF01  Metamorphic 69 385 15 312 24 deg. 11% 2%, 2 3 22% 1 3 9% NO YES
Upper Shop N-O1 CF.02 Metamorphic 68 3.85 5 135 31 dag. 13% 49 2 3 A44% 2 2 13%
Lipper Shop NO1  CF.02  Matamerphic 80 385 15 135 31 deg. 13% a9 2 3 19% 2 2 13% NO YES
Upper Shop N-O1 CF.03  Metamorphic 89 385 & 11 25 dag. 13% 4% 2 4 44% 1 2 21%
Uppar Shop N-01 CF03  Metamomhic &9 a8s 15 1217 25 deg, 12% 4% 2 4 25% 1 2 13% NG YES
Uppar Shop N-01 CF.04  Metamorphic L:2¢] 3.85 5 66 30 deg. 13% 3% 2 3 54% 2 3 25%
i &9 385 15 85 an g 13% 2% 2 3 25% 2 a 25% NO YES
Plasha Rd. E-02 Ci—'—Uf Sedimentary 37 340 . 15 06 44 deg. 28% 4% 4 6 75% 3 5 2%
Plesha Rd. E-02 CF.01  Sedimantary kT4 3.40 27 66 . dd deg. 28% 4% 4 -] 59% 3 5 19% NO YES
Plesha Rd. E02 CF.02 Sedimentary 37 340 16 80 41 deg, 0% 3% 3 4 % 4 5 7%
Plasha Rd. —E02 _CF.02 _Sedimantary 37 3.40 27 80— didag 30% 3% k] & — A% 4 1 62% ____YES YES |
Gundarsen Cr. 0-08 CFM  Sedimertary 108 8.90 g 79 38 deg. 2% 5% 5 6 88% 4 3 8e%
Gunderson Cr. Q05 CFH1  Sadimantary 108 5.90 19 78 39 deg. 12% 5% - & BO%: 4 & 44% NO YES
Gunterson Cr. 005 CF-02  Sedimentary 108 8.90 9 102 28 deg. 24% % 3 4 88% 2 & 78%
{Gunderson Cr. 005 CF02 Sedimentary 108 6.50 19 102 38 deg. 24% T% 3 4 B2% 2 5 70% NQ YES
Gunderson Cr. o-Ds CR03  Sadmentary 08 £.90 ] 77 18 deg. 16% 4% 2 2 75% 1 2 75%
iGunderson Cr. 065 CF.03 Sedimentary 108 690 19 7 18 deg. 16% 4% 2 2 75% 1 2 5% NG YES
{Gunderson Cr. 005 CF04  Sedimentary 108 6.20 9 157 38 deg. 21% 8% 2 3 88% 1 2 38%
Gundersen-or——0-05——CF-04—Sadimentasy—— 108 8.00. 10 157 3&&_ 2%, R, 2 3 38% 1 2 389% NO YES
Neiman Cr. w02 CF{{  Sedimeniary 76 440 € 477 44 dog. 24% 9% 3 e 83% 4 10 T2%
M-S W2 GF01—Sadimentan 25 4-40 49 ATE 44 - 24% 95 a g B2%. i 10 £dS% NO YES
Jupiter Rd. 003 CFOoi Volcanic 78 615 10 127 41 deg. 57% 4% 7 8 8% 8 13 47%
- 0% Ot volcanic 78 15 25 427 ———a4-doa———57%——4% rd 8 12% 8 13 AT% NO NO
8 Rd. Unit 2 5-02 CF-01 Voleanic Fi 4.50 5 203 43 deg. 33% 3% 5 ) 87% 4 10 aT%
5 - 334 3%, & 8 38% A 30 12% NG YES
Ohop Blowdown  S-03  CF01  Voleank 53 3.55 5 306 42 deg. 39% % 4 8 82% 4 7 38%
Ohop Blowdown  $-03 CF Volcanic 53 3.55 20 306 42 deg. 39% 9% 4 3 58% 4 7 19% NO YES
Ohop Blowdown ~ §-03  CF.02  Volcank 53 3.55 5 127 40 deg. 7% ™% 5 8 78% § 7 48%
Lo Valcamic 53 R 20 127 Ahdeg——— 3% —— % ——5———8———65% & . L —— i pu— s |
Train Whistie w03 CFo1 Valcanic 86 480 1 210 44 deg. 26% 8% 3 ] 88% 3 4 63%
Hra ynists——W-03—er-0r—Yolmanic————88——————480——————H—————240——4ddag: 26% 8% 2 5 885 3 4 =i YES YES




