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Managing Forest Roads to Control
Cumulatwe Erosion and Sedlmentatlon

Eﬂects

William Weaver, Danny Hagans, and Mary Ann Madej?

Detailed watershed studies on the causes and
effacts of erosion and sedimentation in the 280
piZ Redwood Creek basin have been conducted by the
U.S5. Geological Survey and the Mational Park
Service since the early 1970's and particularly
since the 1978 expansion of Redwood National Park.
This latest addition to the park included 36,000
acres of logged and roaded land in the lower
Redwood Creek basin.

The purpose of these hydrolcogic and geomorphic
investigations has been to identify sediment
sources on private and public lands throughout the
watershed, and te differentiate between man-caused
and natural erosion. In concert with these
investigations, field inspections of over 300
Proposed timber harvesting plans have been
conducted by Park Service scientists, and
recommendations were forwarded to the California
Department of Forestry for their consideration in
thelir regulatory role as administrators of the
State Forest Practices Act.

Studies culminating within the last several
years have revealed a number of persistent impacts
that have originated, in large part, from past
logging and road building in the watershed (Harden
and others 1978; Janda and others 1975; Kelsey and
others 198l1; Marron and others, in press; Pitlick
1982; Weaver and others, in press). The effects
are found on-site at the location of land
disturbance, in areas downslope of harvest plan
areas and roads, and in far-removed stream channels
wvhera the erosional products are deposited (Bagans
and cothers 1986).

_ lpresented at the California watershed

Management Conference, November 18-20, 1986, West
Sacramento, California.

2Geolog:lsts. Redwood NMational Park, National
Park Service, U.S. Department of Interior, A.rcata,
California.
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Abstract: Recent studies have identified specif
road building and abandonment practices on priva
forest lands in northwestern California as great
contributing to high erosion rates and sediment
yields. Resultant impacts have been found to be
additiva, to occur essentially instantaneously o
large areas, and to be displaced both temporally
and spatially from the site of disturbance.
Sources of fluvial erosion, a major contributor 1
total sediment yield, could be significantly
diminished by improving road comstruction practic
and employing preventive erosion control measure:
when abandoning road systems between harvest
rotations. Improved road locations could also
raduce the contribution of massc tm.l movunent to
downstream impacts.

The substantial or potentially substantial
adverse effects of lind - use have béen found to b
additive, to occur essentially instantaneously o
large areas (in response to major stormms), and
be displaced both spatially and temporally (ofter
up to a decade or more) from the mrce and time
land use disturhance.

This is the essence of our working definition
cumulative effects, and examples in the Redwood
Creek basin are numercus. Although each
incremental land use disturbancs may have an
insignificant or imperceptible effect when viewed
either alone or at the time of original land use
activity, the ippacts become cumulatively signif-
icant when seen in aggregate or when multiple
erosion sources are triggered simultaneously by a
large storm.

An analysis of Redwood Creek erosion and sedi-
mentation data suggests several potentially re-
warding and technically attainable approaches to
significantly reducing the threat of cumulative o
site and off-site effects. Thus, the objectives
of this short paper will be first, -to discuss -
lﬂ:ely scenarios for future erosion problems on
30 mi2 of private forest lands upstream from the
National Park, based on the identified causes of
past ercsion, and second, to discuss preventive
land use practices which could substantially reduc
the threat of sxgmficant, cmnulative erosion and
sedmentation effects.’

METHODS

The conclusions presented here draw extensively
from data and results previously published which
detail elements of the sediment budget for the
Redwood Creek basin. Detailed studiés of qully
erosion on the hillslopes, combined with documen-

‘tation of channel processes in Redwood Creek and

its tributaries, ware used to develop & model for
the -operation of cumulative affects in t.he water-
shed (Hagans and otheis 1986).
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Weaver and others (in press) documented the
causes and effects and quantified the magnitude of .
fluvial erosion, especilally gullying, on forested
1ands of the 76 mi? lower basin over the last three
decades. Kelsey and others (1981) presented the
results of detailed landslide mapping and sediment
source inventories along Redwood Creek and its
major tributaries, and compiled portions of their
findings into a sediment budget for the upper
watershed.

In more geographically confined studies, Best
and others (in press) mapped and developed a sedi-
ment budget for the 4.1 mj? Garrett Creek basin,

a tributary of Redwood Creek, and Weaver and
others (1981} quantified sediment sources from a
1 ni2 intensively logged site in the Copper Creek
watershed, now within Redwood National Park.
Completing the erosional cycle, Pitlick (1982)
elaborated on the dynamics of sediment production,
transportation, and storage in 16 major tributary
basins to Redwood Creek, and Madej (1984) quanti-
fied sediment storage and transport in the main
channel system from the headwaters to the mouth of
Redwood Creek.

Coupled with the findings of these and other
studies, field inspections (past timber harvest
reviews) and aerial inventories were conducted to
deternine the “"condition™ of logging roads within
the 30,000-acre Park Protection Zone. Stream
crossings were also classified within the 4.1 mi
Garrett Creek basin during detailed field investi-
gations. These data form the basis for an
analysis of the future potential for significant,
multiple erosion impacts that will likely occur on
these forest lands, as well as the methods by
which they can be avoided.

RELATIVE IMPORTANCE OF LANDSLIDING AND FLUVIAL
EROSICN IN THE REDWOOD CREEK BASIN

Measured sediment sources in the lower Redwood
Creek basin are nearly equally divided between
mass soil movement processes and several types of
fluvial—erosion, including surface erosion, washed-
out stream crossings on logging roads and skid
trails, and gully erosion attributable to several
causes (table l}. S .

Table l--Measured sediment'séurces'in-the lower
Redwood Creek basin (1954-1980)

Sediment Saurce Volume Total Yield
e - i {md) - {pet) -
Gullias 1,157,400 a7
Eroded Stream Crossings 225,600 7
Surface Erosion 124,400 4
Streamside Landslides 1,600,000 52
Totals 3,107,400 100
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Although it is generally gifficult to establia)y
a direct cause-and-effect link batween land usae
and mass erosion, a clear association doag axist
(Janda and others 1975; Kelsey and others 1981;
Pitlick 1982). For example, in Redwood Creek tha
number and frequency of major streamside landslidag
in 16 tributary basine 1s comparable for both loggeg
and unlogged hillslopes (Pitlick 1982). However,
slides associated with harvested and roaded Blopes
were individually much larger and accounted for
approximately B0 percent of the total mass arosion:h

Similarly, during the winter of 1982-83, 44
debris slides occurred within cutover lands in the
lower Redwood Creek basin. Upon inventory, all 44
were found to be directly associated with logging
roads and skid trails. Importantly, most of these
failures occurred where roads crossed headwater
topographic swales on slopes exceeding 30 degrees
and were in close proximity to topographic Slope-
breaks {LaHusen 1984).

While there is a strong association between
sediment production caused by landsliding and the
occurrence of road building and timber harvesting,
it is usually impossible to assign a strict cause-
and-effect relationship between landsliding and
land use activity. This has made it both scien-
tifically and politically difficult to dictate
specific land use regulations for activities in
potentially unstable areas, even on steep inner
gorge slopes where the risk for potential damage
is highest. Unambiguous, authoritative data are
usually not available for even the best studied
hillsides to accurately predict the effect of
individual land use practices.

The ambiguity between cause and effect does not
exist for sources of fluvial erosion throughout
the Redwood Creek basin. Studies in Redwood Creek
and in nearby watersheds such as the Van Duzen
(Kelsey 1980) have identified gullying as a major
contributor to increased sediment yields since the
advent of modern logging and road building over
three decades ago (Kelsey and others 1981; Weaver
and others, in press). Fluvial erosion accounts
for between 40 percent (table 1) and 60 percent
(Kelsey and others 1981) of all sediment discharged
to Redwood Creek, and its origin is very clearly
linked to land use practices.

Most significant fluvial erosion iz caused by
stream diversiong which ocour during modarate or
extreme winter storms. These diversiong occur at
stream crossings on inclined or "climbing” logging
roads when culvert capacity is exceeded or a
culvert plugs. Streamflow is diverted down tha
road and across adjacent hillslopes or into nearby
watercourses. Extensive networks of gullieg
develop on the hillslopes, and stream channels
which carry added water are widened and deepened.

Diverted watars in measured study areas created
large, complex gully systems and were responsible
for increases in on-site drainage density, sediment
production and yield and enlarged stream channel
dimensions, as well as numerous off-gite effects
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associsted with stream channel aggradation (Hagans -
and others 1986). The resulting gully networks,
while mostly "invisible"” from the active logging
road system, delivered large quantities of sediment
to streams throughout the basin.

In detailed geomorphic mapping (1:1200 scele)
of over 5200 acres of logged and roaded study .
sites in the middle and lower Radwood Creek basin,
gullies caused by stream diversions yielded 150,000
y3? of sediment, virtually all of which quickly-
reached the main channel of Redwood Cresk. Seventy
percent of the 161 logging-road stream crossings
in the study area axhibited a bigh potential for
causing stream diversions if the culvert were to
Plug or be overtoppsd during large storyms. In
fact, nearly 60 percent of the streams with a high
diversion potential had actually been diverted at
least once since the stream crossings were built,
only te be reconstructed with the same high diver-
sion potential (Hagans and others 1986). These
diversions created numercus qully systems,

Storms with a return period of roughly 10 years
Or greater have triggered the most gevere erosional
and depositicnal events in the Redwood Creek basin
(Janda and others 1975; Harden and othars 1578).
Chief among these were storms in 1955, 1964, 1972
and 1975. Gully erosion rates reached their peaks
during these extreme events and stream diversions
at logging road stream crossings were the leading
cause of fluvial sediment production.

NEW AND EXISTING ROAD NETWORKS AS CONTRIBUTORS TO
CUMULATIVE EFFECTS

In 1978 Congress established a special "Park
Frotecticn Zone" (PPz) management area consisting
of 30,000 acres of private timber land upstream
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3The diversion potential of a crossing is a
measure of the probability that streamflow would
divert down the road, rather than over the fill
crossing, if the culvert were to Plug or its
capacity were exceeded.

Table 2--Status of logging roads in the Park
Protection Zone as of August, 1986

L

from the park {fig. 1, inget),
¥ational Park Service geologists inspect proposed
land use oparations. Underlain by Prancizcan
sedimentary and metmorphic rocks, land and land
use within the PPZ are largely represantative of
the ramainder of the Redwood Creek bagin.

within which

. Moat of each of the four major tributary baging
in the PPZ had been logged By 1985. These water-
sheds merve to illustrata how the imprint of past
and present land use practices have "primad” the
Cutover landscape for additional, future erosional
events that are likely to lead to substantial on-
‘site and off-gite erosion and sedimentation effects.

Most logging roads in the Ppz were constructed
betwee_n 1950 and 1985. , As 0ld growth forests were
leared, unneeded road segments were largely
abandoned. By 1985, roughly 78 percent of the 175
mile road network in the PPZ had been effectively
abandoned. These roads are classified as aither
impassable, or lacking any indication of continued
maintenance (table 2), Individual basins, such as
Lacks Creek, Redwood Creek's Eecond largest tri-
butary, show as ®uch.ag 92 percent of its road
System in an ummaintained or abandoped state.

. With land-use related fluvial erosion princi-
pally qullying, contributing to significant on-
site, off~site and downgtream impacts in Redwood
Creek and its tributaries, the status of the
logging rcad network is critically important in
determining future envirenmental effects of both
past and current forest land use activities. Un-
maintained logging roads are potentially damaging
because culverts which are undersized or which
pPlug during winter storms can cause fill crossings
to wash out or streams to divert, The resultant
environmental effects can be significant and long
term.

For example, in the Garrett Creek basin, 43
percent of the 114 logging road stream crosgings
have a high failure or divergion potential (fig.
1). If old ranch roads near the watershed divide
are excluded from the inventory, the number in-
creases to 53 percent. The main line logging rcad
which climbs obliquely across the basin has the
highest frequency of crossings with high diversion

Status of logging roads in the PpZ
Maintained Drivable but Abandoned Total
Area Description - - - Unmaintained——f——— -

— (mi) {mi) {mi) tmi)
Garrett Creek & adjacent slopes ‘4.9 4.9 T or12.1 21.9
Coyote Cresk & adjacent s8lopes 10.86 8.3 - © 22.0 40.9
Lacks Creek = ’ 4.9 19.7 | _36.0 60.6
Panther Creek & adjacent slopes 17.4 11.7 21.6 50.7
Total PPz . - 37.8 44.6 91.7 174.1
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Stream Crossing .
Crossing with High Failurs Potential
Crossing with High Diverslon Potential

peo;

0 300
meters

Pigurg 1-=Classification of logging rpad nemrj:
and stream crossings in the Garrett Creek watershed,

Potentials (65 percent). Of these, 75 percent
have diverted at least once in the past. The
large amount of fluvial erosion which has occurred
in the basin during the last two decades has baen
Eostly caused by stream diversions along this road
(Best and others, in press).
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.The problem of high diversion and high failure
potantials at logging road stresm crossings is not
rastricted to Garrett Creek; it is ubiquitous. Of
nearly 500 logging road stremm crossings inven-
toried in the middle and lower Redwood Crask basin,
including 320 {in the PPZ, in excess of 60 parcant
have a high failure potential; that is, the culvert
is undersized for the expected 25-year storm.
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In addition, from 45 to 70 percent of the 500
inventoried stream crossiﬁgs, depending upon the
basin, have a high stream‘diversion potential (that
is, streams will divert out of their channels when
the culverts plug or theiyr capacity is exceeded)}.
Many stream crossings have both a high failure
potential and a high dzvers;on potential, making
them especially likely to'cause future erosion and
sedimentation problems 1n the watershed,

Most stream croesings 1n the  Redwood Creek -
basin were constructed with undersized culverts.

Only recently were newly installed culverts required

to accommodate 25-year or 50-year return perlod
discharges. While this improvement helps reduce
the potential for failure of newly constructed
crossings, current fores€ practxce regulations
still do not address the ser;ous procblems caused
by the lack of long term road maintenance, the
common practice of road ndonment, and the con-
struction or reconstruction of stream crossings
with high diversion potential, whether they be on
previously existing or newly built roads.
I

Ubiquitous stream crogsings with high diversion.
potentials is perhaps thé most threatening poten=
tial erosion problem in the Redwood Creek basin,
and perhaps in other coastal watersheds of northern
California. Both their common occurrence and
adverse effects have been well documented (Weaver
and others, in press; Hagans and others 1986).
Unfortunately, the threat of avoidable but still
pending cumulative environmental damage triggered
by infreguent, high magnitude winter storms is
substantially heightened by the practice of aban-
doning logging roads between harvesting cycles.
The high potential for erosion problems is only
compounded by the pervasive occurrence of under-
sized culverts on most forest rcads built in the
last four decades.

TREATING THE CAUSES OF CUMULATIVE EROSION AND
SEDIMENTATION EFFECTS

The Redwood Creek basin is one of the most
rapidly eroding large watersheds in northern
California. Studies there suggest that a great
deal of the documented erocsion and sedimentation
is the result of specific road-related land use
practices. Data clearly indicate that future
crossing failures and stream diversions throughout
the Redwood Creek basin have the potential for
causing substantial additional erosion and sediment
production, and additively impacting downslcope and
downstream aguatic and riparian resources.

However, the same studies also suggest that -~
employing—a-variety of simple, preventive land
management measures could largely eliminate fluvial
qully erosion and its long-term effects. Such
treatments include (1) ‘conducting long-term (more
than 3-years) preventive road maintepance (culvert
cleaning, trash rack installation, culvert size
upgrading) on all roads--not just active routes--
before failures occur, {2) constructing each new
logging road stream crossing 5o that it has no
diversion potential, {3) performing minor recon-
struction of existing crossings that already have a

high diversion potential to eliminate the chance for
future stream diversions, and (4) on roads that

are abandoned or effectively abandoned, excavating
or “dishing out™ croseings that have a high diver-
sion potentiel, to ensure that strearms remain in
their natural drainsages.

Similarly, the observed associations between
lapd use and landsliding, mentioned only briefly
in this paper, alsco suggest the utility of at

.least defining a mass-erosion hazard rating for

lands which fall into susceptible siope and mor-"
phology categories. Once identifjed, forssters
could then prescribe arnd apply special, restric-
tive practices {aspecially for road location and
construction, and clear-cut harvesting)on steep,
potentially unstable streamside slopes. Measures
wvhich Buccessfully address the effect of land use
on critical channel side slope areas conld sub~-
stantially reduce the increased contribution of

.man-caused landsliding_to sediment yeild and its

downstream individual mnd cumulative effects.

None of these preventive techniques is syste—
matically or regularly practiced on private forest
lands in the Redwood Creek basin, "nor are they
specifically required by current Californiz forest
practice requlations. In fact, new legislation
would probably be needed to extend and expand the
regulatory authority of the California Department
of Forestry in order to ensure that long-term road
maintenance was required and performed. Similar
action would be needed to ensure that the thousands
of miles of existing road network in environmentally
sensitive watersheds would be treated to eliminate
the substantial threat of future cumulative effects
resulting from stream diversions during major
vinter storms. Without such work, significant,
adverse downstream impacts are unawvoidable.

For the last eight years the National Park
Service has been conducting an aggressive program
to excavate thousands of potentizlly unstable road
and landing fills and stream crossings on unused
or unneeded former logging roads in Redwood National
Park. This methodology is a2 constructive alterna-
tive to abandonment and has eliminated unused
roads as a future ercsional threat. Cost and
effectiveness data from these and other ercsion
control procedures-employed in the park (Weaver and
Sonnevil 1984) can be used to evaluate the feasi-
bility of their broader application to private lands
and currently abandoned roads throughout the state.

In addition, a number of stream crossings which
exhibit a high diversion potential are currently
being reconstructed with no diversion potential on

former main lifie logging roads™ todetermine~the— —

practicality, cost and effectiveness of using this
procedure in a variety of settings where roads are
to be permanently retained. The importance of
this latter, fairly inexpensive regrading treatment,
and itp vtility in preventing streem diversions,
cannot be overlooked. Most land usce related
£luvial erosion in the Redwood Creek basin, and
its well documented, substantial contribution to
cimulative erosion and gedimentation effects,
conld be effectively eliminated by employing these
or similar preventive technigues. 23
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CONCLUSION

In recent years, substantial improvements have
been made in road construction practices and requ=
lations for private lands in California. Culverts
are now required to accommodate the 50-year dip-
charge. Howsver, while improvements in road build-
ing have occurred, many shortcomings inherent in
early land use activitieg still plague current
forest practices. For example, landowners are
still not required to maintain logging roads
beyond the short life of an active timher harvest
Plan or beyond its physical boundaries.

Cur inventories clearly reveal that most roads
in the 30,000 acre Park Protection Zona dre
urmaintained and effectively abandoned. Other road
systems throughout the Redwood Creek basin are in
a similar state of disrepair. In these areas, most
roads will have to be reconstructed aCross washed
out crossings, diverted streams and landslide areas
when future access is needed. In tha past, these
reconstructed crossings have been rebuilt with the
same high diversion potentials that Previously
existed, thus perpetuating .the erosional cycle.

Through modifications and improvements in cur~
rent forest practices, many of the potential future
impacts caused by both past and present forest
land use can be substantially reduced. Employing
Specific measures to eliminate severe fluvial
erosion, for example, would likely do more to re-
duce the continued and future threat of substantial
on-site, off-site and downstream "cumulative
effects” in the Redwood Creek basin than would any
other single measure, including the application of
broad controls on basin-wide harvesting rates,

Techniques employed to recognize and avoid
potentially unstable streamside hillslopes, where
landslides are likely to occur and landslide
materials have ready access to stream channels,
could likewise diminish the equally important
contribution frem mass movement processeg. Thase
specific "best-management® mathodologies are
Perhaps the most Straightforward and rewarding of
the techniques available for dealing with cumula-
tive or significant environmental effects.
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