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Project Summary
Assessment
•
•
•
•

We field-surveyed selected Forest Service roads in the northwestern portion of the Suiattle River
basin to evaluate the potential for roads to trigger mass erosion events that would impact aquatic
resources including fish habitat.
For this study, we inspected 26 miles of drivable roads and 17 miles of undrivable roads during
the summer and fall of 2006.
Access and conditions for many of the roads have been changed by peak flow events since the
surveys presented here.
Results of this project are presented to help evaluate potential road treatments, though further
fieldwork will be needed to update road conditions and design treatments.

Results for Drivable Roads
•
•
•
•
•
•
•

The most extensive concern on drivable roads is the prevalence of stream-crossing culverts
undersized to pass large peak flows, sediment and debris. Undersized crossings have contributed
to several landslides and are likely to contribute to more in the future.
We did not find significant erosion features (i.e. landslides or gullies) below cross-drains.
However, additional cross-drains are needed to divert road surface sediment away from streams.
Many stream crossing and cross-drain culverts have rusted significantly and will require
replacement within a decade or two to maintain proper function.
Most roads contain portions identified as having a relatively high potential for impacting aquatic
resources. These are logical places to focus road improvements.
The middle segment of the Tenas Creek road (segment 2660 B) has numerous erosion issues in
high delivery areas and was rated as having High aquatic damage potential. All other drivable
roads were rated Moderate or Low, due to less extensive problems.
Although drivable roads have received varying levels of routine maintenance (i.e. grading, ditch
clearing and brushing), there is little evidence that aquatic damage has resulted.
There is evidence that unwise placement of maintenance spoils in unstable locations has triggered
sediment delivery to streams.

Results for Undrivable Roads
•
•

•

•

On undrivable roads, the main erosion concern involves the potential for drainage diversion along
roads without water bars (about half of undrivable roads).
Nearly all culverts on undrivable roads have been left in place, including treated roads. Some
amount of erosion will occur when these culverts become non-functional, though sediment
delivery will be less where there are water bars to prevent diversion down the road from the nonfunctional culvert.
We identified three undrivable roads as having High aquatic damage potential: 2640 C, 2641, and
2642-016. All are in the Grade Creek sub-basin. Portions of other roads rated Moderate aquatic
damage potential have localized issues that should be considered for treatment.

None of undrivable roads meets Washington state standards for road abandonment, which
were used because there are no comparable federal standards.
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Introduction

Background and Objectives
The Suiattle Basin Forest Road Sediment Reduction Assessment is an ongoing cooperative project
sponsored by the Skagit River System Cooperative (SRSC) and the Mt. Baker-Snoqualmie National
Forest (MBSNF). The Skagit River System Cooperative is a fisheries management consortium for the
Sauk-Suiattle Indian Tribe and Swinomish Indian Tribal Community. The project was designed to
identify opportunities to reduce sediment-related impacts to fish and aquatic resources from federal forest
roads within the Suiattle basin. Forest Service lands within the Suiattle basin are entirely within the
Usual and Accustomed Fishing area of the SRSC member tribes and are managed by the Forest Service.
The objective of this project is to identify opportunities to reduce sediment from forest roads that can
negatively affect aquatic resources. The project determined the present condition of forest roads, the
scale of ongoing and future sediment impacts and the portions of each road that pose the greatest threat to
fisheries resources. Other aspects of road management, such as fish passage barriers, wildlife effects, and
access for timber harvest, recreation or tribal cultural activities, were beyond the scope of this study, but
should be considered before road treatments are chosen.
We collected information needed to estimate the effects of a range of possible road treatments, including:
1. Maintenance – e.g. grading, ditch clearing and brushing, 2. Upgrades – e.g. replacing culverts, fill
removal, 3. Deactivation – i.e. making the road undrivable so it is less erodible and requires minimal
maintenance, and/or 4. No action – i.e. probable consequences of non-treatment. This study stopped short
of designing road treatments, in part because such decisions would require consideration of broader
landowner and stakeholder concerns listed in the previous paragraph. However, this study does
characterize possible aquatic damage considerations that will be useful for prioritizing which road
segments pose the greatest threat to aquatic resources and provides detailed data that can be used to help
develop specific road treatments. Although the focus of this report is at the road-segment scale to provide
an overview, the site-scale notes can be consulted to help evaluate specific sites and treatments.
Further, we also hope that the methodologies developed for this study can provide a model for similar
road sediment reduction projects in other watersheds.

Sediment Concerns in the Suiattle Basin
The Suiattle River basin was chosen for this project for a variety of reasons including: 1. The presence of
important fisheries resources (federally threatened Chinook salmon and Bull trout plus other salmonids of
commercial and recreational importance), 2. Chronically high fine sediment levels in the Suiattle
mainstem, and 3. Interest from MBSNF. Because the Suiattle mainstem receives large inputs of fine
sediment, primarily from natural sources, habitat in the non-glacial “clear-water” tributaries located
downstream of roads in this study is critical to threatened fish species (Mt. Baker-Snoqualmie National
Forest, 2004). For this reason, it is particularly important to minimize management-related sediment
inputs to tributaries.
As in many other steep forested basins, forest management (logging and roads) has contributed to
elevated sediment inputs to the Suiattle and its tributaries (Mt. Baker-Snoqualmie National Forest, 2004),
largely through the acceleration of landsliding. In comparison to other sediment input processes, such as
soil creep and surface erosion from roads and clearcuts, contributions from landsliding are far larger
(Paulson, 1997). For this reason, landsliding is perceived to be the prevalent source of managementrelated sedimentation and thus a major focus of this assessment. Increased landsliding from logged areas
generally declines over one-to-two decades following harvest with forest regrowth (Sidle, 1985).
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Because little logging has occurred within the last two decades, instability from logged areas is expected
to decrease. However, hillslope destabilization from roads is more persistent because roads are semipermanent structures. The ongoing shortage of federal funding has limited routine road maintenance
and/or replacement of aging road drainage structures, and this can cause increased erosion (Zander,
1993). For these reasons, the authors and local land managers determined it would be timely to evaluate
road conditions and hazards that can be treated to reduce future sediment inputs.

Methods

Study Area
This study is intended to include federally owned forest roads within the Suiattle River basin (Figure 1).
Given our budgetary limitations, not all roads in the study area were included.
• The study did not include forest roads on state or private ownership because they are regulated under
a different legal framework (i.e. Washington Forest Practices Rules) than are federal roads.
• This report (i.e. Phase I) is confined to roads on the northern side of the Suiattle River (Figure 1)
because closure of the Boundary Bridge in 2003 prevented vehicle access to roads on the southern

Figure 1. Location of road systems included in the Suiattle Forest Road Sediment Reduction
Assessment . The location of the Suiattle River basin is indicated by the star on the inset map.
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•

•

side. Although we hope to expand this study to the southern side (i.e. Phase II) of the basin, the
Phase I results are being reported to allow the initiation of road treatments prior to the Phase II
assessment.
We did not evaluate the main Suiattle River road (#26) and valley bottom spurs because they
have not triggered landslides due to the gentle terrain in these areas. Although portions of these
roads have experienced significant river erosion, the road did not trigger or aggravate the extent
of erosion. Some upslope roads were not evaluated because they appeared to have a low risk of
delivering sediment to the Suiattle River or key tributaries.
Although we attempted to locate most undrivable roads visible on aerial photos and maps, there
are certainly some that were overlooked because they were sufficiently overgrown that they were
difficult to find even on aerial photos.

Field Methods
Though all included roads were evaluated in the field, the assessment methods between drivable and
undrivable categories differed substantially (Table 1). Drivable roads were assessed using a pickup for
transport between drainage features. All feature locations were determined (to the nearest 0.01 mile)
using a DMI high-resolution odometer. The field crew stepped outside the pickup to inspect all stream
crossings, signs of instability (e.g. visible cracks or settling) or other features of interest. Most crossdrain culverts were inspected though on some longer segments every third pipe was examined to save
time. Data collected varied with feature type but included site conditions as well as hillslope and channel
proximity information that supported delivery calls (see Appendix 1). Undrivable roads were walked and
features were documented on aerial photos. Survey crews documented larger stream crossings and other
developing or potential erosion issues encountered (see Appendix 1 for field guidance).
Table 1. Overview of Field Methods for Drivable and Undrivable Roads
Aspect of Method
Characterization
approach:
Mode of travel:
Features evaluated:

Feature located using:
Delivery ratings
assigned to:
Scale of ratings:
Results located in:

Drivable Roads
Inventory of all drainage and
erosion features
Pickup w. direct inspection of
features
Stream crossings – all
Cross-drains – most
Instability and maintenance needs –
where noted
Ditch-to-stream connectivity
Distance along road using DMI
Features & segments

Undrivable Roads
Characterize potential erosion
situations where encountered
Foot

Located on air photo
Erosion issues & segments

Site
Table 2, Appendix 2 & 3A

Road segment
Table 3, Appendix 3B

Existing and potential drainage and
instability issues noted as encountered

In addition to surveying site level drainage and erosion features, segments were broken into sub-segments
on the basis of ‘delivery potential’, which reflect the potential for sediment delivery to a stream. This is
an important element of the assessment because a poorly designed or maintained road poses little risk to
aquatic resources if the eroding sediment does not reach any stream (i.e. delivery potential = low).
Ratings were assigned on the basis of assessing the slope gradient and distance between the potential
erosion site and the nearest down-slope stream channel. For guidance, we considered topographic maps,
computer generated slope stability hazard maps (Vaugeois, 2000) and landslide scars visible on aerial
photos. A lower rating for delivery potential was assigned to sub-segments where flatter terrain or stable
talus slopes were located below, such that a landslide would stop without reaching a channel. We suspect
that some mitigating features were not recognized due to forest cover. We recognize, as should readers of
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this report, that predicting landslide delivery involves considerable subjectivity and is most reliable for
distinguishing between categories, rather than making finer-scale distinctions. Despite these limitations,
the delivery potential ratings are critical for prioritizing road segments most likely to impact aquatic
resources.

Analytical Methods
Culvert sizing calls were made for stream crossings by comparing the culvert diameter (or span for
arches) directly to the channel width, as this has been shown to be a good indicator of debris passage
capability (Furniss et al. 1998) and thus the potential for culvert failure during peak flows. Culverts that
were 50% of channel width or less were rated “seriously undersized”, while culverts that were 51-99% of
channel width were considered “moderately undersized”.
We evaluated cross-drain performance on the basis of: 1. Whether erosion (i.e. gully or landslide) had
occurred at the culvert outlet, and 2. The percent of ditch length that drains to streams (i.e. “hydrologic
connectivity”, per Furniss et al., 2000). Because an effective cross-drain system diverts most ditch runoff
onto vegetated forest floor where it will not enter a stream, ‘ditch connectivity’ reflects the extent that this
goal is not being achieved. Ditch connectivity levels above 50% were considered undesirably high in
comparison to regional values (MacDonald and Coe, 2007).
For each road segment, field data were used to identify the erosion issues judged as important to ongoing
and potential aquatic impacts. Generally, issues were identified where the erosion indicator (i.e.
undersized culvert or gully) was observed at one or more locations along the road. However, issues
involving culverts (i.e. undersized stream crossing, cross-drain erosion) were identified where
encountered twice or more within the segment. This was to help managers distinguish between roads
with a single localized problem from those with more extensive shortcomings.
For each road segment, we synthesized field, map and photo information to rate the relative level (High,
Moderate or Low) of aquatic damage potential (ADP). Ratings reflect the segment’s combination of road
erosion issues, delivery potential (described above), and proximity to critical fish habitat. Although there
was no quantitative formula for ADP ratings, they should correspond generally with the range and
severity of erosion issues and the proportion of the segment length with High or Moderate delivery
potential. Aquatic damage potential ratings are intended to help managers recognize which roads have
the greatest need of repair to reduce watershed impacts.

Results
We evaluated 25.9 miles of drivable and 17.4 miles of undrivable road (Figures 2, 3 & 4), resulting in a
sizable data set. This section is intended to explain broad patterns and topics of high watershed
importance. The site-specific data and maps can be found in Appendices 2 and 3 at the back of this
report.

Drivable Roads
The nine road segments in the drivable category contain significant differences in surface conditions that
are presumably reflective of maintenance levels. Most of these roads receive regular surface and ditch
maintenance and were (as of fall 2006) suitable for passenger car traffic. In contrast, the 2661
(Huckleberry) and 2640 B segments are generally vegetated (include travel surface) and have water bars,
which makes them drivable by more rugged vehicles. Although levels of maintenance do not necessarily
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correspond to erosion potential, developing drainage or stability problems are less likely to be noticed on
the more vegetated roads.
Key results and issues on drivable roads are summarized in Table 2. Undersized stream crossings clearly
are the most pervasive and arguably the most important shortcoming of the drivable roads. This is
significant because undersized culverts are more likely than adequately sized culverts to become plugged,
often resulting in gullying and/or landsliding. Specifically, two- thirds of culverts were rated “seriously
undersized” because they are less than half the channel width. Nearly half of undersized culverts had
their capacities further impaired by trapped debris and/or damage to the inlet. Most of the remaining
culverts were considered moderately undersized and many of these (43%) had some inlet obstruction as
well. Nearly half (45%) of all stream crossing culverts were at locations where the stream would be
diverted a substantial distance (>100 m) down the road if plugged, which greatly increases the chance of a
landslide or gully far from the culvert. The extent of potential damage originating at malfunctioning
stream crossings is also affected by stream crossing density, which varies considerably between segments.
Table 2. Summary of results from surveys of drivable roads.
Road name

Figure
where
shown

Length
(mi)

Stream
crossings
(# per mi)

Erosion
issues1

Landslide
delivery
length2 (%)

Aquatic
damage
potential
rating

2640 A

Grade Cr.

Fig. 2

3.8

2.1

Us,Cc

26%

Mod

2640 B

Grade Cr.

Fig. 2

1.0

0

Vg, In

35%

Mod

2642 A

W. Grade

Fig. 2

4.8

1.2

Us,Cc

11%

Low

2660 A

Tenas Cr.

Fig. 3

3.6

2.2

Us,Sc

0%

Low

2660 B

Tenas Cr.

Fig. 3

3.7

5.9

60%

High

2661 A

Huckleberry

Fig. 3

2.0

4.5

78%

Mod3

2661 B

Huckleberry

Fig. 3

2.1

3.8

0%

Low

2680 A

Green Mtn.

Fig. 4

2.5

6.0

21%

Mod

Road
segment

Us, In,
Df,Cp,Cc,Sf
,Pw,Dc
Us,Sf,Df,
Vg,Pw,Dc
Us,Sf,Df,
Vg,Dc
Us,Sc,Dc

Us,Sc,Df,
0%
Low
Dc
1 - Erosion Issues: Us – undersized culverts; Sc – culvert condition at stream crossing; Cp – cross
drain problems; Cc – culvert condition at cross drain; Sf – road surface condition; Df – ditch
filling; Vg – overgrown with vegetation; In – instability; Pw – poor waste placement; Dc –
ditchwater connectivity.
2 - Landslide delivery length is the percent of total segment length rated as either High or Moderate
landslide delivery potential.
3 – The 2661 A is rated Moderate rather than High ADP because the portion with instability and
delivery potential is limited to three discrete locations.
2680 B

Green Mtn.

Fig. 4

3.4

4.4
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Figure 2. Roads surveyed and aquatic damage potential ratings in the Grade Creek area.
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Figure 3. Roads surveyed and aquatic damage potential ratings in the Tenas Creek area.
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Figure 4. Roads surveyed and aquatic damage potential ratings in the Green Mountain area.
The ‘culvert condition’ (i.e. rust or damage) at stream crossings has important implications to future road
management. While most stream crossing culverts are presently functional, 62% have significant rust and
may require replacement within a decade or so. This is a widespread problem, but is most common on
roads for 2640 A, 2642 A, and 2660 B (Table 2). When culvert bottoms rust through, leakage into the
sub-grade can trigger gradual or sudden erosion of road fill around the culvert.
Cross drain culverts generally pose less concerns than stream crossings. Very few had evidence of
erosion (gully or landslide) and those that did were not delivering sediment to a stream (a key exception
involves Site B on 2640 A; see Appendix 3A - first map). However, the ‘culvert condition’ (i.e. rust and
denting) ratings among cross-drains was similar to stream crossing culverts, with few (9%) rated poor, but
many (41%) rated moderately degraded, suggesting a need for replacement within a decade or so. Ditchrelief spacing is fairly wide by modern standards (average of 530 feet) and additional pipes are needed to
improve sub-grade drainage and reduce ditch connectivity to streams. Ditch connectivity is a good index
of how much sediment generated from the traveled surface will reach streams (Furniss et. al., 2000). At
five of the nine drivable segments, over half of the ditch length within that segment appears to enter
streams (Table 2), which we considered excessive.
Ditch function was impaired by cutslope ravel at four segments (Table 2). Ditch filling was most serious
on the Tenas and Huckleberry roads and is most severe where tall cutslopes of unstable glacial sediments
are exposed. Perhaps most significantly, in several locations, material cleared from ditches during
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maintenance activities has been placed on the road shoulder in steep areas where instability could result.
Existing landslide scars suggest that some of these road shoulders have failed in the past. It is important
that maintenance efforts place ditch spoils in stable locations, which may require end-haul from steep
areas.
As indicated in Table 2, all drivable roads had two or more erosion issues. The middle section of the
Tenas road (2660 B) stands out as having nearly all erosion issues present. The fact that this road is on
steep terrain fairly close to Tenas Creek (Figure 3), results in a High ADP rating. Numerous landslides
from this road have entered Tenas Creek, including some within the past decade. The first segment of the
Huckleberry road (2661 A) has the highest road length with delivery potential (78%, per Table 2).
However, because instability concerns are limited to three localized inner gorge crossings, the Moderate
ADP rating is appropriate. All other roads had Moderate or Low ADP ratings, due largely to limited road
length with landslide delivery potential. Roads rated Moderate are likely to have individual features
worthy of repair, while Low rated segments generally do not. Even so, most of these roads will require
replacement of numerous aging culverts to maintain road integrity.
Although it could be informative to evaluate driveable road conditions against federal or state regulatory
standards, such guidelines are too complex and subjective to form the basis of a reliable evaluation.
Undrivable Roads
Most undrivable roads are heavily vegetated with brush and young trees, which has largely controlled
surface erosion and contributed to stability. However, the degree to which drainage control has been
addressed by past treatment varies greatly between roads (Table 3), and this represents the largest concern
for aquatic damage. Water bars have been placed on some roads and nearly all culverts have been left in
place. This inconsistent attention to reopening natural drainages leaves significant potential for erosion
resulting from drainage diversion. Water will inevitably run across or along the roads when pipes
inevitably plug or rust through. The extent of erosion likely to occur varies greatly between individual
crossings and is difficult to quantify. At a minimum, water bypassing a failed pipe is expected to erode a
wedge of fill where it crosses. Where effective water bars are installed at stream crossings, this will likely
result in significant but non-catastrophic sediment delivery. Where water flows onto steep material, this
could trigger a much larger mass erosion event. Where poor or no water bars are installed, there is
potential for much higher sediment delivery if the stream runs down the roadway and/or spills over the
road onto an erodible hillslope. This outcome is possible on many roads, and delivery potential calls may
be useful at prioritizing where or when remediation would be most valuable.
The undrivable road segment 2640 C, which leads toward ‘Betty’s Pass’, is of highest concern. The
northern half of this road has no drainage treatment and runs across steep to moderate slopes parallel to
Grade Creek (Figure 2). Four major inner gorge road crossings have been destroyed by past landslide
and/or peakflow events originating upslope (see Appendix 3B, first map). The potential for additional
sediment delivery from these sites is low though they are likely to limit access by heavy equipment to
treat the portion of the road further back. However, there is considerable potential for sizable future
erosion events at several remaining fills in the untreated portion.
Two other shorter roads were rated as having High aquatic damage potential (Figure 2, Table 3). Concern
about the 2641 is largely due to a failing log-box crossing that would contribute sediment to Big Creek.
The 2642-016 is a short untreated segment located on uniformly steep slopes above Grade Creek.
Although this road has no stream crossings, the lack of water bars contributes to the significant potential
for landslide initiation. Almost all undrivable road segments showed signs of instability (e.g. cracks in
road, side-cast failures) in places but not all were in locations that could initiate delivery to water. The

10

Table 3. Summary of results from surveys of undrivable roads.
Meets DNR
abandonment
standards?2

Aquatic
damage
potential
rating

Cl,Dp,In,Us

No

High

water bars-part

Cl,Dp,In

No

High

0.3

None

Cl,Dp,In,Df

No

High

Fig. 2

0.8

None

Dp

No

Low

--

Fig. 2

1.0

water bars-part

Cl,Dp,Us

No

Mod

2642-Y

--

Fig. 2

0.4

None

Cl,Dp,In

No

Low

2643

--

Fig. 2

4.4

water bars,
sidecast
pullback

Cl,In,Df

No

Mod

2650

A

Fig. 2

3.1

water bars

Cl,In,Df

No

Low

2650

B

Fig. 2

0.5

water bars

In

No

Low

2650

C

Fig. 2

0.5

None

Cl,Dp,In

No

Mod

2660

C

Fig. 3

2.9

water bars-part

Cl,Dp,In,Df,Us

No

Mod

Road
number

Segment

Figure
where
shown

Length
(mi)

Treatment

Erosion
issues1

2640

C

Fig. 2

2.7

water bars-part

2641

--

Fig. 2

0.8

--

Fig. 2

--

2642-X

2642016
2642025

1 - Erosion Issues: Cl - culverts left in place; Dp – stream diversion potential, In - potential instability, Df
- ditch filling, Us - undersized stream crossings.
2 – DNR abandonment standards are shown in Table 4.

2640 C and 2642-016 road segments showed the greatest evidence of ongoing drainage problems and/or
instability in high delivery areas.
The roads rated Moderate ADP (Table 3) either have less urgent drainage problems or less delivery
potential, though individual crossings of fillslopes may be worthy candidates for further treatment. In
particular, road 2643 (Figure 2) crosses some very steep and unstable terrain but had the most thorough
treatment, including complete water barring and side-cast pullback along hazardous fillslopes. However,
all culverts were left in place including a couple in large fills that could release significant sediment.
To help evaluate the varying road treatments, we compared the undrivable roads to a local regulatory
standard for road deactivation and abandonment. Because there are no formal standards for deactivating
federal roads (Roger Nichols, personal communication), we used the Washington State Forest Practice
standards for road abandonment (Table 4), and found that none of the undrivable roads met the state
standards (Table 3). The two common shortcomings were: (1) Culverts left in place, and (2) Roads that
had not been blocked to keep vehicles out. The former creates the long-term erosion hazard discussed
above. The latter does not directly contribute to erosion, but allows ongoing pickup or all-terrrain vehicle
traffic that slows revegetation and degrades water bars. Because moving heavy equipment into
overgrown roads requires considerable cost and vegetation disturbance (reinitiating ravel and surface
erosion), it is very important for roads to be treated completely at the initial visit so as to minimize
erosion hazards.
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Table 4. Washington Forest Practices Rules (WAC 222-24-052, in WFPB 2001 page 24-15)
requirements for abandoned forest roads. These rules apply only to non-federal lands but provide
a useful standard for evaluation.
*(3) Abandoned roads. An abandoned road is a road which the forest landowner has abandoned in
accordance with procedures of (a) through (e) of this subsection. Roads are exempt from maintenance
under this section only after (e) of this subsection is completed.
(a) Roads are outsloped, water barred, or otherwise left in a condition suitable to control
erosion and maintain water movement within wetlands and natural drainages;
(b) Ditches are left in a suitable condition to reduce erosion
(c) The road is blocked so that four wheel highway vehicles cannot pass the point of
closure at the time of abandonment;
(d) Water crossing structures and fills on all typed waters are removed, except where the
department determines other measures would provide adequate protection to public
resources; and
(e) The department shall determine whether the road has been abandoned according to
procedures of this subsection. If the department determines the road is properly
abandoned, it must notify the landowner in writing within thirty days that the road is
officially abandoned.
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