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EXECUTIVE SUMMARY

We inventoried all of the known roads within the Mill Creek Addition from 2002
through 2005. Physical parameters of the road surface and road structures.such
as stream crossings and landings were recorded and entered into
Access® databases. Database tables dynamically linked to the GIS allowed us to

guery data within the databases and against spatial data contained in the GIS.

A range of scoring criteria were assigned to selected physical attributes of road
fills, crossing, landing, and mass wasting sites. ‘Selected landscape features
such as soils, slope, and relative slope stability. were spatially joined to road
features to aid in the scoring. Scores were normalized and evaluated individually
and grouped by road to objectively quantify. the relative risk and threat for each
road. Risk describes the relative likelihood a road or site will fail while threat
describes the relative volume at-risk-for delivery to the stream network. Models
developed for this analysis.may be used to evaluate other threat criteria such as
damage to forest stands-by.landslide run-out or capital loss as road structures fail

and require replacement.

Four-hundred and sixty eight kilometers of road and 3,682 sites including 1,451
road-stream-crossings, 981 landings, 807 mass wasting sites, and 443 road fills
are classified based on their relative risk and threat. Nine-hundred and eight
sites are. considered high risk with a combined potential sediment delivery of
905,079 cubic meters. Moderate risk sites number 1,813 and represent
1,281,885 cubic meters of potential sediment delivery. Low risk sites account for

398,522 cubic meters of potentially deliverable sediment contained in 961 sites.
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INTRODUCTION

In June 2002, Save-the-Redwoods League acquired 25,471 acres of private
timberland from Stimpson Lumber Company. The acquisition of this land marked
the end of an effort that had begun decades before to transfer the property
encompassing the Mill Creek watershed into public hands as either a National
Park or an addition to the adjacent State Parks. As a commercial property, the
acreage was aggressively harvested from the early 1950’s to the latter 1990’s.
Over the course of a few decades, the forest was converted from old growth
redwood, Douglas fir, and Sitka spruce to a mosaic of even aged Douglas fir cut
units. This ground-based timber operation resulted inithe construction of a dense
network of haul roads and skid trails to facilitate timber transportation. When the
Mill Creek Addition was transferred to the California State Parks (DPR) in 2002,
there were approximately 468 km (290 mi).of .haul roads and an estimated 650

km (400 mi) of skid trails present.

Although all watersheds have a.natural rate of erosion and sedimentation that
varies according to their underlying geology, human land management activities
such as road building can.accelerate the rate of erosion. Several studies have
shown forest roads and‘logging activities are a significant source of excessive
sedimentation to'streams throughout the western United States. In fact, the road
system built for logging more frequently contributes to landslides and accelerated
erosion than timber harvesting itself (Rice 1991 and Rice et al. 1972). Road cuts
and their drainage features disrupt the natural surface and subsurface drainage
patterns through a forested watershed. Roads located in steep terrain can
produce large landslides when their sidecast material is saturated from heavy
precipitation. Road drainage features such as culverts can become plugged with
woody debris during extreme storm events and can cause complete failure of the
stream crossing, or divert the stream out of its natural channel and cause gullying

down roadways or hillslopes.
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Excessive sedimentation is known to adversely impact water quality and aquatic
habitat, especially for salmonids. Influx of fine sediment from excessive erosion
fills in stream pools necessary for salmonid fry and juvenile survival. After pools
are filled, continued influx of sediment creates shallower, wider stream channels,
causing lateral migration of the channel, leading to bank erosion, which can lead
to loss of vegetative cover. Fine sediment deposits in stream gravels and clog
interstitial spaces reducing oxygen levels and nutrient flow within® spawning

gravels.

The Mill Creek Addition receives on average 60-150 inches of rainfall per year
(Stillwater 2002); combined with the high density of roads and stream crossings
that traverse steep terrain, the property poses a significant challenge to
successful management of the inherited road system. The roads are no longer
being used for timber extraction making many of them unnecessary. Without
continued maintenance, upgrading, or removal, the risk of road-related erosion
and sedimentation will increase over.time. The first step in planning for roads on
the property was to inventory their status to be able to prioritize them by their
relative risk of failure and the threat they pose in terms of sedimentation to the

stream network.

PURPOSE
This report presents the methods and results of our property-wide road inventory
conducted.from 2002 to 2005. Publication of this report marks the completion of
the initial road assessment for the Mill Creek Addition. This report is intended as
a starting point for the evaluation of roads within the guiding context of a Mill

Creek General Plan Amendment (GPA) and future management planning efforts.

SCoPE
Our inventory included all known haul roads within the property at the time of
acquisition, as well as those discovered during field work. We collected data to

determine how each road influences local geomorphic processes, to develop
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cost estimates for annual maintenance and road reengineering, and to determine

the present-day value of roads and facilities.

We did not inventory or assess skid trails. Skid trails are defined as small single-
lane tracks that developed as ground-based equipment moved logs across
harvest units. Skid trails were not planned as part of the road system, were not
constructed using standard cut and fill techniques and typically did not make use
of stream crossings. We did not inventory fire breaks developed around harvest
units. We classified them as skid trails because they typically followed the
existing topography instead of cutting through it.

We used the road inventory data coupled with Geographical Information System
(GIS) routing over a digital elevation model (DEM),.and a slope stability model
(SINMAP) to assign rank and characterize haul roads by their relative risk of
failure and threat of potential sediment delivery to streams. Road rankings are
not based on the value of roads for use in park operations, resource
management, or emergency services. Particular rehabilitation options for each
road are not recommended as part of this assessment, instead we will use the
risk and threat data presented.to evaluate roads for permanent retention or
removal consistent with planning guidelines and procedures defined in future

management plans.

PREVIOUS ROAD INVESTIGATIONS

Pacific Watershed Associates conducted a property-wide survey of roads
between 1995 and 1997 (PWA 1996, 1997, 1998). The purpose of the
investigation was to identify existing and potential sources of sediment that could
deliver to streams and affect water quality. Approximately 90% of the roads were
inventoried across the Mill and Rock Creek basins. The investigation concluded

that most of the potential erosion and sediment yield related to roads was likely
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to come from three sources: 1) failure of the road fillslope, 2) failure of stream
crossings, and 3) road surface and ditch erosion (PWA 1997, 1998).

Stimpson Timber Company conducted an investigation of mass wasting and
road-related erosion as part of their effort to develop a Habitat Conservation Plan
(Stimpson Lumber Company 1998). The investigation relied on aerial surveys
coupled with field mapping to identify the location and characteristics of mass
wasting features across the landscape. The investigation concluded that roads
were the largest contributing source of sediment delivered to streams; and that
altered drainage paths contributed significantly to watershed instability.

In 2002, Stillwater Sciences completed Interim Management'Recommendations
(IMR) under contract with the Save-The-Redwoods-League. The project drew
from past investigations to formulate management recommendations for
application during the first years of acquisition.. We have been implementing road
removal projects and maintenance - consistent with their preliminary
recommendations until State Parks could. complete formal planning efforts for the

newly acquired park unit.

RQADS, SKID TRAILS, AND ROUTES

Throughout this report, we use the terms roads, skid trails, and routes to describe
features that were used by vehicles or equipment to conduct timber extraction
and transportation. There are, however, distinctions between these terms that
require some definition. Roads, in the common sense, describe passages of all
sizes and uses. Roads have a single distinguishing element from other terms,
that is, they have a roadbed constructed to be a relatively smooth driving surface

for truck or equipment travel.
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Skid trails, on the other hand, lack a constructed road bed and often are
expressed as lineations of bare mineral soil that follow, rather than cut through
the surrounding topography. Timber extraction equipment most often used skid

trails for a limited time or for fire breaks during post-harvest burning.

The roads within the Mill Creek Addition can be illustrated with spatial accuracy
on maps using GIS software. The term, route, is specifically an ArcGIS® term
used to represent the line work (arc framework node to node) that illustrates the
roads within the mapping software. Routes provide the fundamental spatial
framework for the road assessment. Therefore, routes will be used to describe
the inventory, and subsequently derived data, as it pertains to the physical roads

on the property.

BACKGROUND.INFORMATION

PHYSICAL SETTING
The Mill Creek Addition, now part of Del Norte Coast Redwoods State Park, is a
103 km? (40 m?) parcel-located approximately 9 kilometers ( 6 mi) southeast of
Crescent City, Del Norte County, California (Figure 1). The property adjoins
Jedediah Smith‘Redwoods State Park to the north, Del Norte Coast Redwoods
State Park to.the west, Six Rivers National Recreation Area to the east, and
Industrial timber lands (owned by Green Diamond Resources Company) to the
south. . The property encompasses most of the Mill Creek and Rock Creek
watersheds and small areas within the Turwar, Hunter, and Wilson Creek

watersheds (Figure 2).
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‘EastFork Mil Creek

Mill Creek Addition
Watershed Name

[ | EastFork Mill Creek
D Main Stem Mill Creek
D Rock Creek

D Upper Hunter Creek
@ Upper Turwar Creek
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GEOLOGY AND SOILS
Tectonic convergence and relatively hard bedrock control the physiographic
expression of the Mill Creek Addition. The Coast Range Thrust Fault, locally
known as the South Fork Fault, strikes north-northwest through the Rock Creek
watershed and forms the boundary between rocks of the Coast Ranges and the
Klamath Mountains (Figure 3). The Coast Range Thrust Fault is a remnant from
the early convergence and accretion of marine Franciscan Formation rocks with
the North American continent from the mid-late Mesozoic to<early Tertiary
(beginning approximately 180 million years ago; note: temporal or spatial
uncertainty in geologic terms is directly expressed; the symbol (?) may be used
to convey uncertainty); the fault extends several hundred miles to the south. The
convergence of the Gorda and North American tectonic plates, which meet at the
ocean floor approximately 100 km (60 mi)-offshore west of the Mill Creek
Addition, continues this accretionary process.. The Gorda plate dives under the
North American plate at a low angle along the southern part of the Cascadia

Subduction Zone such that their contact is below the Mill Creek Addition at depth.
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areas, California and Oregon, compiled by William P. Irwin,
USGS Open-File Report 97-465;
http://pubs.usgs.gov/of/1997/0f97-465

and Redwood National and State Parks GIS corporate data
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Figure 3. Geology of the Mill Creek Addition.
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Other active faults in the vicinity—the Whalehead Fault in southern Oregon and
offshore extensions of the Big Lagoon-Bald Mountain and Trinidad faults—could
produce strong ground shaking in the Mill Creek Addition but have lesser
recurrence and lesser maximum magnitude capability than the Cascadia
Subduction Zone. Using average long-term recurrence data, Goldfinger et al.
(2008) indicated that rupture along the southern segment of the Cascadia
Subduction Zone, estimated to produce earthquakes of Magnitude 8+, is several

decades overdue.

Ongoing deformation along the subduction zone continues to.contribute to uplift
and preserve Pleistocene to Miocene alluvial and marine deposits on ridges.
The hard bedrock and uplift also contribute to the development of steep and
generally straight to convex slopes that frequently-exceed 50% grade (Madej et
al. 1986).

Drainages are deeply incised and _have dendritic to trellis patterns. LiDAR
analysis suggests a propertywide average drainage density for USGS blue line
streams of approximately 2.3 km/km? (1.4 mi/mi?), although subwatersheds may
have drainage densities of @pproximately 4.5 to 5.5 km/km? (2.7 to 3.3 mi/mi?).

Bedrock west of the Coast Range Thrust Fault is predominantly the Broken
Formation of the'Eastern Belt Franciscan Complex. These late Jurassic to early
Cretaceous focks are tectonically fragmented and consist of interbedded
greywacke (sandstone), shale, and conglomerate (Aalto and Harper 1982). More
coherent, -massive sandstone characterized by massive bedding and moderate
shearing predominates in the Mill Creek Addition. Fracturing and shearing of the
Broken Formation increases from west to east toward the Coast Range Thrust
Fault. Immediately west of the fault, highly sheared and foliated metagreywacke,
argillite, and semischist predominate (Davenport 1984), indicating slight
metamorphism along the fault zone. The bedrock east of the fault is composed
of Pre-Nevadan rocks, including highly sheared serpentinite and peridotite, in the

western Klamath Mountains terrain (Aalto and Harper 1982). Because the fault
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encompasses a broad zone, serpentine and peridotite that may bear asbestos
minerals are also found in the Mill Creek Addition several hundred meters west of

the fault depicted in Figure 3.

Marine, estuarine, and fluvial siltstone, sandstone, and conglomerate of the early
Pliocene to late Miocene (?) Wimer Formation, coincident with J.S. Diller's
“Klamath Peneplain,” cap many of the ridges. A younger Pliocene (?) alluvial
deposit also caps the ridge near Childs Hill, on the southeast side of the MILL
CREEK ADDITION. Pleistocene to late Miocene remnant upland-surfaces
thought to be part of the Klamath Peneplain consist of unclassified sedimentary
deposits and deeply weathered bedrock and saprolite;«lrwin (1997) interpreted
their distribution from 1:62,500- and 1:100,000-scale USGS topographic maps
(Figure 3). The distinctions among these Pleistocene to early Miocene units,
which occupy similar topographic position and have temporal overlap and some
temporal uncertainty, appear to be~ cross-cutting relationships, limited
paleontological evidence, and, to .some extent, the character of the earth

material.

Late Quaternary deposits are..located throughout the Mill Creek Addition
landscape. A small sliver of property on the northwest side of the Mill Creek
Addition overlies the Pleistocene Battery Formation, a marine terrace, sand
dune, and alluvial fan deposit consisting of unconsolidated sand, silty clay, and
imbricated. gravel (Davenport 1982). Holocene to Pleistocene landslides are
common- throughout the Mill Creek Addition. Holocene to Pleistocene fluvial
terraces and floodplain deposits are located in Mill Creek and, to a lesser extent,
in Rock Creek. Limited drilling data and some observational data indicate that
the terrace deposits are typically cobbly or gravelly, sometimes with a moderately
high amount of silt and clay in the gravel matrix. Overbank silts and clays
typically cap the coarser deposits, and finer grained alluvial fans are associated
with the floodplain deposits at some tributaries. The terrace deposits locally help

protect the valley side slopes from stream undercutting and failure (Madej et al.
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1986). Colluvium of variable thickness mantles the bedrock. Large fill deposits
are locally associated with the extensive logging road network and the old mill

site at the confluence of the West Branch and East Fork.

Staff from the NRCS recently completed soil mapping of Redwood National and
State Parks, including the Mill Creek Addition, providing a modern soil survey
that provides a wealth of soil data (USDA 2008). Fifteen soil associations and
soil series of various slopes are identified in this mapping. With respect to
surface erosion, approximately 75% of the land base has a severe erosion
hazard rating (Figure 4). Only the Bigtree-Mystery Association, on floodplains,
has a slight erosion hazard rating. Moderate erosion hazard ratings generally
occur on ridgetops for the Trailhead-Wiregrass, Wiregrass-Pittplace-Scaath, and
Coppercreek-Tectah-Slidecreek Associations. The. . Surpur and Childshill soil
series also have moderate erosion hazards. . The Slidecreek-Lackscreek-
Coppercreek, Wiregrass-Rockysaddle, Sasquatch-Siterrocks-Ladybird,
Sisterrocks-Ladybird-Footstep, Jayel-Walnett-Oragran, Coppercreek-Slidecreek-
Tectah, Wiregrass-Rockysaddle,.Sasquatch-Yeti-Footstep, Gasquet-Walnett-
Jayel, Oragran-Weitchepec, Coppercreek-Ahpah-Lackscreek, and Scaath-
Rockysaddle-Wiregrass ‘Associations have severe erosion hazard ratings,

generally on the valley sidewalls.
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Data Sources: Redwood National and State Parks
GIS corporate data. Soil map prepared by the

| Natural Resource Conservation Service for
Redwood National and State Parks (2008).

Erosion Hazard for Roads & Trails
Soil Erodibility

[ severe

[ | Moderate

[ | slight

=3 mca Boundary

Figure 4. Surface erosion hazard within the Mill Creek Addition.
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PREHISTORY
The Mill Creek Addition encompasses the traditional territory of the Tolowa tribe
(Rohde and Roscoe, 2005). The Tolowa established most of their larger villages
along the coastal plain in the vicinity of the mouth of the Smith River. There is no
evidence of large villages in the acquisition, but the Tolowa did establish two
small villages: one for gathering acorns and one fishing village near the
confluence of the east fork and west branch of Mill Creek. Numerous seasonal
hunting and fishing camps were set up at inland sites, and were-connected to

coastal villages by trails.

As their populations grew and they established themselves in the area, Euro-
Americans occupied and used trails originally established by local Indians. Some
trails of special note include: 1) the Kelsey Trail which ran along the Bald Hills
and eastward toward Nickerson’s Ranch, 2) the Bense Trail which left the Kelsey
Trail in the vicinity of the intersection of Cougar Ridge Road and Teran Road and
descended toward the main stem of Mill Creek just north of the present mill site,
and 3) a coastal trail which follows the ridge north-south near the current

alignment of State Route 101.

PRIVATE OWNERSHIP
Private ownership-of the property was a mixed bag of land speculators, cut-and-
run logging operations and ranchers prior to 1944 (Ross and Adams, 1983).
Hobbs and-Wall Company, founded as a spruce and redwood box company in
1871, was the only major land holder in the area and had significant holdings in
the west branch of Mill Creek. When Hobbs and Wall closed for business in
1939, ‘Harold Miller had already evaluated the timber on the property and
purchased the property in 1944. During the next decade Miller consolidated his
holdings through a series of tax forfeiture acquisitions and was ready to begin
timber harvest by 1955. That year the Rellim Redwood Company, a newly
formed subsidiary of the Stimson Lumber Company hauled the first redwood logs

from the property using local gyppo crews. The first logs were removed from the
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road right-of-ways and sold to regional mills. Miller soon realized the inefficiency
of selling and hauling the logs and soon began plans for a lumber mill adjacent to
Mill Creek. In May 1955, the first buildings were constructed, an office and
equipment shed. Logging operations continued to focus on right-away clearing
and site development for the mill. During the early years of the logging
operations, Miller's vision included sustainable forestry across the property.
However, following a contentious land battle for the Rock Creek tract and the
realization that demand was outpacing reforestation, Miller moved away from
sustainable forestry and ultimately removed all but 120 acres of.the old-growth.
By the time of the 2002 State Park acquisition, timber managers expected no
approved timber harvest plans for at least 7 years due to the lack of trees

advanced enough in age to meet regulatory requirements.

TIMBER HARVEST HISTORY
The timber harvest history of the Mill Creek Addition can be broken into two
periods. There are no data presently compiled showing the first-cut history (pre
1955) in detail. The cut history, however, generally mimics the road construction
history and can be inferred using those data and aerial photos. Prior to 1955,
timber harvesting was “limited to the West Branch of Mill Creek and
subwatersheds to the west.” Preceding 1930, the Hobbs and Wall Company
conducted harvest primarily using steam donkeys and rail transportation. Older
cut-unit boundaries are visible in the 1958 aerial photos as distinct from the
Redwood and. Spruce old-growth. In 1955, Harold Miller and E.P. Hamilton
began to move into the Mill Creek and Rock Creek watersheds and a new era of

industrial timber extraction began.

By 1958, major logging efforts had been made in the upper West Branch, Kelly
Creek, Upper Rock Creek, Upper East Fork and upper Bummer Lake Creek
subwatersheds. Efforts continued in the upper West Branch with new incursions
into the First Gulch and lower Bummer Lake Creek subwatersheds throughout
the 1960’s. The 1970’s brought an intense effort in the entire Rock Creek
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watershed and lower Bummer Lake Creek and upper Turwar subwatersheds. By
the 1980’s, much of the Mill Creek Addition had been entered and fragmented
with cut units. Large areas along the northern boundary in upper First Gulch and
Bummer Lake Creek, however, were still being entered for the first time. The
1990’s saw consolidation of the cut units as the timber on the property was

nearing exhaustion.

AIR PHOTO ANALYSIS

ROAD CONSTRUCTION HISTORY
We compiled a road construction history for the entire road network to document
the chronology of road construction and determine the approximate age of road
segments.  This history was assembled. using all available stereo aerial
photographs in the Mill Creek Addition collection (Appendix A), as well as digital
orthophoto quadrangles (DOQs) (rectified air photos) subsequent to 1998. We
captured the minimum road age directly from the air photo series in which it first
appeared, and then entered the data into a geodatabase. We also listed whether
the road was constructed as multiple segments or one complete project. For
roads that were constructed as multiple segments separated by time, each
segment was individually listed to reflect its actual air photo age. Except for 1955
and earlier,-the first photo on which the road appears ( the minimum age) and the
air photo series prior (the maximum age) constrains the actual construction year
of the route segments. Due to the close temporal spacing of the available air

photo series, it was possible to constrain the road age to within a few years.

Some roads appear isolated by year. That is, they appeared prior to any road
connecting them to the rest of the existing road network. This result occurred
when an old segment of road was abandoned and either failed or was not routed
as part of the GIS data acquisition. Later, a newer piece of road reconnected the

abandoned road. A larger more developed road would often later appear where
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many cut units were entered and skid trails were developed. We only catalogued

a road as built, when it was formally constructed as a primary access.

Early Road Building

The earliest road building into the area was probably associated with W. Bayse’s
early mill operations conducted in the lower main stem of Mill Creek near the
Nickerson Ranch (Rhode and Roscoe, 2005). This mill operation is thought to.be
the namesake for Mill Creek and has a probable association with the name
Bense. Following the Bayse mill operations, the Hobbs, Wall & Company
extended their operations southward into the West Branch of Mill Creek.
Beginning in 1908, the company began construction of the Del Norte & Southern
Railroad. The railroad used an extensive series of trestles to cross the valley
bottoms near the present-day routes of Hamilton-Road and Picnic Road. The
railroad extended approximately four kilometers (2.5 miles) upstream along the
West Branch where it was fed by three inclined railways that moved large timber
from the surrounding ridge-tops to the main line. A segment coincident with what
is now known as Upper First Gulch Road was the only other road known to pre-
date the aerial photo record (Rhode and Roscoe, 2005).

Industrial Road Building

Prior to 1958, aerial coverage was very limited, and only the western 4.5
kilometers (3 miles).of Hamilton Road was known to exist in 1955 (Table 1 and
Figure 5). A large road building surge occurred between 1955 and 1958 but
unfortunately” that chronology cannot be resolved with available aerial photo
resources (Figure 6). Historical accounts indicate that Harold Miller came to an
agreement with E.P. “Buck” Hamilton to allow access through Miller's property
(Ross and Adams, 1983). Hamilton would pay per thousand feet of timber
hauled across Miller’s roads. It is unknown when Hamilton’s operations ceased
in the area but it is clear from aerial imagery that the initial surge of road
construction between 1950 and 1958 was the result of two robust timber

operations. Those two operations and the roads that supported them were
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geographically distinct with one expanding into the upper Rock Creek and Child’s
Hill Area and one into the Lower West Branch and Kelly Creek, a tributary to the
East Fork. By 1958, 31 kilometers (19 miles) of road had been built in the East
Fork with 28 kilometers (17.4 miles) built in the West Branch and 29 kilometers
(18 miles) in Rock Creek (Table 2 and Figure 7). Sitill, road densities remained

below 2km/km? as these roads represented main lines into newly opened tracts.

Table 1. Road construction history.

Period
Preceding
Year Annual (km) Cummulative (km) (years) Rate (km/year)

1955 4.36 4.36 0
1958 93.54 97.90 3 31.2
1964 73.54 171.44 6 12.3
1966 24.71 196.15 2 12.4
1969 35.82 231.97 3 11.9
1972 8.94 240.91 3 **
1975 82.03 322.93 3 15.2
1978 14.34 337.28 3 4.8
1980 20.43 357.70 2 10.2
___ 1982 _ 1290 _ LT __ 37060 _ _ ____2________®64
1984 _ 1007 _ T 38067 _ _ ___2________50
1986 13.64 394.32 2 6.8
_____ 19 1552 . 40984 2 178
_____ 190 2217 . 43200 2 111
_____ 1993 1729 44929 3 58
1994 15.22 464.51 1 15.2
____199%5 _ T 7- 191 _ 46642 _ _ _ _ 1 __ "~ =
1997 _ - Td02a_ T 47665 _ _ _ "2 """ 40
___ 1998 _ T TC 286 _ _ _ _ 47952 _ _ _ "1 __ """ 7729
2002 3.32 482.83 4 0.8

** Kilometers per year not shown because flight line coverage of the Mill Creek Addition is incomplete for the air photo
series.
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Figure 5. Road construction history.
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Table 2. Road construction length and density by watershed within the Mill Creek Addition.

Road length (km) | Main Stem Mill Creek East Fork Mill Creek West Branch Mill Creek Rock Creek Upper Hunter Creek Upper Turwar Creek Wilson Creek Other
Air Photo Date Annual _Cummulative | Annual Cummulative | Annual Cummulative Annual __Cummulative | Annual _Cummulative | Annual. Cummulative | Annual Cummulative

1955 0.00 0.15 0.15 4.05 4.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.16
1958 [ ¢ 425 425 | 2981 _ 29.96_ | 2435 2840 | 2909 _ 2909 _ | 149 149 | 000, __ 000 _ | 345 345 | 1.10 |
1964 _ [ ¢ 403 _ _ 829 [ 1743 _ _ 4709 _ | 2466 __ 5306 __| 17.32 _ _ 4641 _| 202 _ _ 351 _ | 000__.000 __| 779 _ _ 1124 [ 0.59]
1966_ _ _ _ _ | 318_ _ 1146 _ | 1120 _ 5829 _ | _7.63_ _ _ 6069 _ | 000 _ 4641 _ [ 000 _ _351_ . |5.000 _ _000_ _ | 270 _ 1394 _ | _ _
1969 3.82 15.28 19.07 77.36 8.04 68.73 0.64 47.04 0.01 3.52 0.00 0.00 4.24 18.19

1972 1.05 16.33 7.89 85.25 0.00 68.73 0.00 47.04 0.00 3.52 0.00 0.00 0.00 18.19

1975 0.09 16.42 24.32 109.57 5.00 73.73 45.87 92.91 0.58 4.10 4.67 4.67 1.38 19.57 0.11
1978 | 010 1652 _ | 148 11105 | 269 _ _ 7642 _ | 7.94 _ 10084 | 041 . 451 | 069 536 _ | 105 2062 _ |
1980 _ _ _ _ |- 000_ _ 1652 _ | 919 _ 12024 | 048 __ _ 7690 _ | 644 _ _107.29_ | 056 __ 508__] 074 __ 610 _ | _ 223 2284 _ | 078
1982 |« 000 __ 1652 | 744 12768 | 106 _ _ _ 7796 __| 292 _ _ 11021 _| 000 _ 508 [ 000 _ 610 _ [ 147 2432 |
1984 0.00 16.52 9.78 137.46 0.18 78.15 0.00 110.21 0.00 5.08 0.00 6.10 0.00 24.32 0.11
1986 0.09 16.60 7.17 144.62 2.98 81.13 0.24 110.45 0.00 5.08 0.70 6.80 2.37 26.68 0.11
1988 0.00 16.60 6.82 151.44 2.40 83.53 5.04 115.49 0.00 5.08 0.00 6.80 1.26 27.94

1990 0.00 16.60 6.45 157.89 2.04 85.57 10.19 125.68 0.26 5.34 1.99 8.79 0.41 28.35 0.83
1993 _ _ [« 000 __ 1660 _| 361 _ _ 16149 | 548 _ _ _91.05_ _| 486 _ _ 13053 .| 108 __ 642 | 099 _ _ 978 | 128 _ _ 2963 _[ __ |
1994 [ 098 1758 _ | 314 _ 16463 _ | 497 _ _ 9602 _ | 246 _ 13299 [, 021 663 _ | 249 _ 1227 _| 019 2982 _ | 078
1995 0.00 17.58 0.00 164.63 1.91 97.93 0.00 132.99 0.00 6.63 0.00 12.27 0.00 29.82

1997 0.00 17.58 1.75 166.38 1.16 99.08 7.09 140.09 0.00 6.63 0.05 12.32 0.00 29.82 0.19
1998 0.00 17.58 0.79 167.17 0.00 99.08 2.07 142.16 0.00 6.63 0.00 12.32 0.00 29.82

2002 0.00 17.58 0.96 168.13 0.31 99.40 1.24 143.39 0.00 6.63 0.00 12.32 0.00 29.82 0.81
Total length (km)| 17.58 168.13 99.40 143.39 6.63 12.32 29.82 5.57
Density (km/kmz) Main Stem Mill Creek East Fork Mill Creek West Branch Mill Creek Rock Creek Upper Hunter Creek Upper Turwar Creek Wilson Creek

Watershed area

(km?) 23.75 43.14 28.82 41.84 20.06 14.80 32.75

Watershed area

within unit (km?) 2.29 38.61 19.53 31.33 1.01 2.63 5.27

1955 0.0 0.0 0.2 0.0 0 0 0

1958 1.9 0.8 15 0.9 15 0 0.7

1964 3.6 1.2 2.7 15 35 0 2.1

1966 5.0 15 3.1 15 3.5 0 2.6

969 | 67 _ _ _ | __ _ 20 _ 4o 35 | ___ 15 | _ = 35_ _ |1 ____ o ____|\____34_ _______
972 _ | 7a_ | 22 _ L |___ 7 35 _ _ _ | = 15 | 35 _ _ _|__ o ___ |- " _"@Ba__ " __
io7s |72 ___ | ____ 28 . b 38_ _ _ _ _|____ 3o ___ _|____ a1 [ 18 __ [ 37 _ _ _____]
1978 7.2 2.9 3.9 3.2 4.5 2.0 3.9

1980 7.2 3.1 3.9 34 5.0 2.3 4.3

1982 7.2 3.3 4.0 3.5 5.0 2.3 4.6

1984 ' 72 | C 36 o | I 35 | 50 | 23 | a6 ]
ios6 _ _ _ _ _[___ 72 ___ [ ____ N2 42 ___ [~ 35 _ |-~ I 26 _ __ |- ____ st _ ]
1988 _ _ __ [ 72| 39 _ [ 43 | 37 _ | 50 _ _ _|____26____|_ ___5853_ _______
1990 7.2 4.1 4.4 4.0 5.3 3.3 5.4

1993 7.2 4.2 4.7 4.2 6.4 3.7 5.6

1994 7.7 4.3 4.9 4.2 6.6 4.7 5.7

1995 [ 77| a3 [ 50 [ 42 66 _ _ | a7 | 57
1997 _ _ _ _ |C 77| L 7k I 51 _ _ | 7 Y 66__ _ _|____47___ | """ ’®87________
oo |77 | a3 51 _ | ____ a5 66 _ _ _ | ____ 7 57 _______|
2002 7.7 4.4 5.1 4.6 6.6 4.7 5.7
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As timber harvesting became more widespread, road building continued at a fast and
relatively steady pace. Main lines were extended, and spur roads enabled access to
more timber. One notable expansion was seen in 1975 as operations moved swiftly into
large tracts of the lower western slopes of Rock Creek. Road density jumped from 1.5
km/km? to 3.0 km/km? in a three year period (Table 2 and Figure 8). As the last of the
available timber was harvested in the late 1990’s, the pace of road building slowed
dramatically (Figure 9). Although Stimpson Lumber Company applied some erosion
control techniques to selected roads, none of the roads constructed on the property
were effectively decommissioned or removed (see Landscape Stabilization'and Erosion
Prevention Plan section). Road density at the time of acquisition by DPR varied from
4.4 km/km? in the East Fork Mill Creek watershed to 7.7 km/km? in the Main Stem Mill
Creek watershed (Table 2). No new road construction has oceurred on the property
since 2002.
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LANDSLIDE HISTORY

We compiled a property-wide landslide history using the same series of photos used for
the road construction history (Appendix A). Each series (year) was reviewed using a
mirrored stereoscope with magnifier. We reviewed all areas for landslide activity,
including uncut areas and areas without roads. We wanted to characterize and quantify
between mass wasting occurring in roadless areas compared to road-related instability.
We identified and classified landslides using morphologic characteristics-expressed in
conjunction with bare soil areas. In some cases, where morphologic expression was
subtle, plan view shape and bare soil were used to identify mass wasting features. Air
photo series 1993 and 1998 were previously scanned, rectified and tiled into a single
mosaic. Therefore, we were unable use stereo-pairs for these years making it difficult
to identify smaller mass wasting features. For 1993, we used. the 1994 stereo-pairs to
confirm activity first appearing on the 1993 images. ~The 1998 mosaic was of poor
quality and was not useful for identification of features first appearing in that year. No
post-1998 stereo-pairs were available to cross check 1998 imagery. The 2005 NAIP
imagery was of sufficient enough quality that we employed it for identification of features
occurring between 1998 and 2005. A'single geologist captured all air photo visual data
by to maintain consistency across the dataset.

We measured feature dimensions directly off of the aerial photographs using a
millimeter scale. We then converted it to on-the-ground dimensions using the photo
scale. Photo measurements were rounded to the nearest 0.5 mm. We made
dimensional adjustments for slope by eye. All dimensions were approximate but served
to define a relative size and volume for the feature. We did not capture features with
dimensions. less than 6 m (0.5mm on air photo). We made measurements of the
evacuated area only and did not include depositional areas. In cases where secondary
failure appeared to have occurred simultaneously with the primary feature, dimensions
were summed to include all material displaced by a mass wasting event. We
remeasured and recalculated the entire mass in cases where reactivations occurred at
a later date. We subtracted all previous failures at a site from the most current failed

mass to determine the reactivated volume.



The sediment delivery ratio (SDR) expressed the percentage of failed material that was
delivered to a watercourse. Colluvium was considered “delivered” as part of the SDR if
it reached the floodplain or alluvial terraces within a well defined valley floor associated
with a blue line stream as characterized from LIiDAR analysis or previous USGS
mapping. We did not, however, consider broad swales and convergent topography.
We compared the relative size of evacuated area with the depositional zone, material
visible in watercourses, and position of depositional zone relative to.convergent or
divergent terrain in order to estimate the sediment delivery ratio. Material that remained
within the mass wasting scar and on the slope below were considered the undelivered

portion when estimating the SDR.

We entered landslide features into the GIS as point features. and attributed them with
values listed in Table 3. We chose a point coverage over polygons for several reasons:
1) there were no accurate rectified images which showed all features that could be used
to capture the shape of the feature, 2) spatial-integrity at scales measured for individual
features would have been poor even with.rectification, 3) features visible on more than
one series would have had different shapes regardless of the quality of the rectification,
and 4) most polygons would have been too small to portray on maps. We grouped and
summed small coalescing features along road fillslopes and inner gorge areas to

account for volume and dimension. GIS points were set at the center of the feature(s).
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Table 3. Landslide history attributes.

Field (as labeled in geodatabase) Description

Possible Values

MWType Type of mass wasting feature as described by ~ Debris flow, Debris slide, Slump
Varnes (1978) earthflow
AffectedWatercourse Describes whether a mass wasting feature Yes, No, Probable

affected a watercourse. Affects could include
deposition of sediment directly into the channel
or the active floodplain. Could also include
opening of canopy along the riparian corridor. A
"Probable" value indicates no visible runout on
air photo but topographic characteristcs
downslope of failure favor delivery to
watercourse.

CoalescingFeatures

Describes whether the mass wasting feature
was part of a larger feature with atypical shape
or symetry.

Yes, No

SlopePosition

Describes the location of the mass wasting
feature on the slope as measured on the fall line
from the ridge to the base of the slope.

Upper Slope, Mid slope; Lower
Slope, Inner gorge

LengthAverage Average length of feature in meters as measured Measured value
directly from air photos.
WidthAverage Average width of feature in meters as measured Measured value

direclty from air photos.

DepthAverageEstimated

Visual estimate of the average depth in meters of Visually estimated value

a mass wasting feature. The depth was
discernable in stereographic images where
shadowing and scarp heights were visible.

CalculatedVolume

Volume in cubic meters. Calculated as the
product of the LengthAverage, WidthAverage and
DepthAverageEstimated.

Calculated value

VolumeCatagory

Catagorical volume range used for broad
grouping of feature size.

<500, 500 to 1000, 1000 to 5000,
5000 to 10000, 10000 to 50000

SedimentDeliveryRatio

Visual estimate of the percentage of failed
material that reached the stream below the
mass wasting feature as seen on the air photo.

0-1.0

EstimatedDeliverd Volume

Product of the CalculateVolume and the
SedimentDeliveyRatio

Calculated value

Torrent

Describes whether the feature torrented after
initiation.” Transitional features

Yes, No, Transitional

EnlargementOfPreexisting

Describes whether the feature was an
enlargement of a mass wasting feature that had
already been identified.

Yes, No

RoadRelationship

Describes how the mass wasting feature is
physically related to nearby roads. Road
associated indicates a direct physical
connection between the road and the mass
wasting feature. Road related indicates a likely
causal relationship between a nearby road and a
mass wasting feature. None indicates no
apparent relationship.

None, Road associated, Road
related

SourceOffailure

Describes the physical source of the mass
wasting feature. The source was identified as
the area where the head of the slide was
located.

Hillslope, Crossing fillslope, Inner
gorge slope, Landing fillslope,
Road cutbank, Road fillslope,
Road fillslope-cutbank, Road
fillslope-hillslope, Road fillslope-
swale headwall, Swale headwall

CutUnitRelationship

Indicates the physical relationship between the
mass wasting feature and cut units in the area.

None, Within unit, Within older
unit, Below unit, Below older unit,
Abowe unit, Above older unit

AirPhotoDate

Air photo series identified by year flown

As shown on photo

AirPhotoNumber

Air photo number printed on the photo

As shown on photo
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We based the classification of slides vs. flows on morphological expression. Slides
tended to maintain their width as they propagated downslope. Flows tended to narrow
and flow toward topographic depressions. Many debris slides may have transitioned
into flows as the failed mass disintegrated. In these situations, we classified the feature
as a debris flow. We did not consider failed stream crossings as landslide features.

We did not capture ravel from road construction activities as mass wasting although it
was common during construction activities. Ravel typically was confined to a short
slope segment immediately below the road and only delivered to water courses as
roads descended into inner gorge areas or at crossings. Ravel was expressed in the
aerial photos as a wide flat sheet of exposed soil along recently constructed roads and
crossings. Small cutbank failures were difficult to differentiate from constructed surface
and were only captured if the failure resulted in a clear.scarp above the road. We were
able to capture small cutbank failures in the field during the road inventory.

Results

We inventoried 482 landslide features across the property. The estimated volume of
failed material totaled 575,000 cubic meters with 310,000 m® delivered to streams. Of
the 482 failures, 394 (82%) affected.a watercourse and an additional 8 (1%) features

probably affected a watercourse.

We most frequently.observed road fillslopes as a failure type, accounting for 46% of all
failure events (Table 4). Road fillslopes, due to their frequency, also accounted for the
largest aggregate volume of failed material and the largest volume of delivered material.
Landing fillslopes showed the largest failed and delivered volume per event with an
average of 1,063 m® per event delivered to streams. Inner-gorge failures (75%) with
landing fillslopes showing a 62% delivery rate exhibited the greatest delivery rate (total
volume delivered divided by total volume failed).
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Table 4. Landslide size by type.

Delivery
Landslide Type n % Failed Volume (m°) Delivered Volume (m®) Rate
Average Maximum  Total |Awverage Maximum  Total

Road fillslope 223 | 46% 1,327 16,200 296,006 697 11,340 155,398| 52%
Hillslope 119 | 25% 918 20,160 109,272 466 10,080 55,437 51%
Landing fillslope 57 12% 1,722 28,800 98,172 1,063 25,920 60,606] 62%
Inner gorge slope 46 10% 856 7,200 39,354 640 5,760 29,455| 75%
Road cutbank 34 7% 820 2,592 27,882 224 1,080 7,622 27%
Swale headwall 3 1% 1,488 2,304 4,464 653 1,728 1,958)..44%
Totals 482 | 100% 575,150 310,476

Roads were either directly or indirectly related to landslide events 71% of the time. We

detected direct physical association between roads and slope failures with 317 (66%) of

the events, with less clear but probable relationships to roads occurring with 27 (5%) of

the failure events. Skid roads did not appear to be a significant factor in triggering mass

wasting events. Hillslope landslides did not occur in“higher numbers in heavily skidded

units than they did in yarded units.

The timing and magnitude of mass wasting.appears to be reasonably well correlated to

large storm events that have affected the northern coastal California. Storms in 1955,
1964, 1975, 1986 and 1997 -all resulted in notable spikes in landslide activity and

delivered volume (Figure 10).
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Figure 10. Annual total of failed landslide volume.

The affects of the 1955 storm are well known throughout the region and delivered 13.85
inches of rainfall over a nine-day period beginning December 15, 1955 (Harden, 1995).
The 1964 storm did produce a small increase in yield form mass wasting but did not
produce the devastating effects seen in adjacent counties. The floods in 1955 and 1964
had respective long term average-recurrence intervals of 25-30 years and 45-50 years.
Significant storms in March, 1975 and February, 1986 also produced noticeable spikes
in sediment yield from mass wasting, likely related to substantial increases in road

length on the property.

The 1997 spike in landslide activity was likely the result of a 6-day storm which
impacted.the west coast from Washington to Southern California. A shift in the weather
pattern. brought warm storms of tropical origin across the region from December 26,
1996 through January 3, 1997, with the most potent system affecting the region at the
turn of the year. This change occurred after a cool winter storm affected the region just
before Christmas on December 21 and 22, 1996. This polar system left behind several
feet of snow over the mountainous terrain; a snow pack that would contribute to the
flooding just over a week later. With the tropical air mass storms, precipitation fell
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across much of the west coast with a focus of excessive precipitation over the higher
terrain from western Washington southward to northern California and western Nevada

(Kozlowski and Ekern, n. d).

Results from this historical landslide inventory indicate the majority of landslides on the
property are road-related and that large storm events trigger marked increases in
landslide activity. We expect to see additional road-related mass wasting as. large
storms affect the area in the future. Based on recent past events we expect to see
significant mass wasting occur where 12 hour precipitation intensities exceed 3 inches
and antecedent conditions have left soils nearly saturated. Ongoing treatment of roads,
whether by upgrade, conversion, or removal will likely reduce the effect of road-related

sediment on downstream aquatic resources.

ROAD INVENTORY

GIS ROUTING
The fundamental spatial framework we used to located road-related features is known
as linear referencing (also . dynamic segmentation or routing), a method that
Environmental Systems Research Institute (ESRI) ArcGIS™ software uses to store
attribute data linked to. linear features. Linear features, such as roads, are attributed
with a measure system along their length, similar to how mileage markers are assigned
along a highway. ‘Point and line features along that linear feature can then be created
and stored.inan external table by only referencing a unique route ID and the starting
and ending measures. The location of these features is not fixed, but rather tied to the
measure system. At display time, the route is “dynamically segmented” to allow the
event features to be located. Updating the geometry of the underlying route will modify

the location of the associated events.

The first step was to create routes from spatially accurate line work that represents the

road system. Line features were first heads-up digitized from DOQs and stored as an
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ESRI coverage. Each line consists of a starting and ending node, and a series of
vertices. Sufficient vertices are added to accurately depict the location of the road as
viewed on the orthophoto. The arcs are edited so that nodes of adjacent arcs are
coincident, and oriented in the same direction (arcs have a direction property based on
the “from_node” and “to_node” pair. The “from_node” of one arc is edited to be exactly

coincident with the “to_node” of an adjacent arc.

Once the geometry of the underlying arcs is complete, collections of arcs are grouped
together to form a new feature known as a “route”. The arcs participating-in any given
route are usually based on the road name; that is, each different road will form a
separate route. To create a route, the starting position of the route and measure units
are specified. The resulting route feature has a new property. based on distance along
the route, similar to an addressing system used for mail.delivery. The measure system

units used in this road assessment is kilometers.

New point and line features can be located along the route by referencing only a unique
identifier for the route and starting and ending address on the measure system. Point
features are located with only a start address. Line features are located with both a
start and end address. The features.located along a route are known as “events”, and

are stored in an external table known as an “event table”.

The event table can contain additional attributes and these data can be assigned and
updated independent of the underlying arcs (node to node framework) that spatially
display the roads.-In this way, the event tables can be stored in databases independent
of the route framework, and dynamically linked to the routes using addresses. This
allows the ability to assign multiple attributes without ever editing or altering the

underlying arc/routes framework.

Redwood National and State Park’s GIS staff digitized the road line work prior to our
inventory. The assessment area is covered partially by both 1993 and 1998 DOQs.
Where both years exist, 1998 data were used because it was determined to be more

accurate. 1993 imagery was used where there was no 1998 coverage. About 5.0 km of
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roads were constructed after 1998 (and prior to park ownership) and were not captured
in the initial digitizing. These roads were hand digitized and routed after discovery by

field technicians.

We did not use the Stimpson Timber Company line work because it lacked the spatial
precision that is standard for RNSP GIS. However, in order to preserve the historical
reference of the road network, we chose to use the original road naming that the
previous owners had assigned to the individual roads. In most cases, the original road
name was used as its corresponding route name. Where roads were not named, we
assigned a road name based on its up-line road (road leading to.un-named road). For
example, the first unnamed road that intersected Child’s Hill Road would be labeled
Child’s Hill-1; the third unnamed road that intersected Child’s Hill Road would be labeled
Child’s Hill-3 and so on. We labeled the first road that branched off from Child’s Hill-3
as Child’s Hill-3-1 and so on. Some roads began and ended along the same up-line
road. Where this occurred, we labeled the-road with the up-line road name and the
suffix “-loop”. In the case of an unnamed. route linking two named routes, we used the

two named routes and the suffix “-link:”

BASE MAPS
We prepared black and white field maps as 11" x 17" tiles and laminated them for field
use. We used 119 to cover the entire park. Field tiles portrayed the routes and route
names along with-tic marks every 10 meters overlaid onto the 1998 DOQs. In the field,
technicians used the tiles to pinpoint their locations when capturing data for a site. A
spatial accuracy of approximately plus or minus 10 meters was achievable at sites

where-nao distinct features were visible on the DOQs.

FIELD DATA COLLECTION
Field data was collected by two groups divided into two two-person teams from January,
2002 until June, 2005. The first group collected geomorphic data for all known routes to
evaluate how each road and associated sites influence local geomorphic processes.
The second group collected data related to road construction, reengineering, and

maintenance requirements (Appendix B). The second group only collected data on
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open drivable roads that had not been made “maintenance-free” by the previous land

owner.

For continuous road condition data, field technicians entered data for the following
categories at the start of each road (route address 0.00 km): usability, surface material,
surface condition, roadbed width, embankment fill volume, road grade, road pitch,
inboard ditch status, vegetation load and drainage (Appendix B, Continuous Variable
Worksheet). As the field technician progressed down the road, any change in road
condition was noted by a route address entry and a corresponding change in road

condition value.

Road sites included road-stream crossings, gullies, mass.wasting events, seeps and/or
springs, and landings. Each site type was first assigned an address. We assigned a
start and end address to linear features (gullies; mass wasting events, seeps and/or
springs), as opposed to stream crossings that'we. considered a distinct point where the
stream crosses the road and assigned a start address only. We marked each feature

with the start address on a yellow aluminum- tag for ease of locating in the future.

Data were collected for each site type and recorded on separate data sheets for later
entry into the database (Appendix-B, Road Assessment Form-Sheet 1). We used the
backside of each data sheet for diagramming complicated sites as needed for
clarification or later reference (Appendix B, Road Assessment Form-Sheet 2). Distance
measurements were typically estimates and were obtained in a variety of ways
depending on terrain, vegetation, and number of field crew on-site. Tape
measurements.or range finders were used when feasible. Otherwise, combinations of
visual estimates, pacing off open distances, or measurements taken directly from the
rectified map tiles were used when necessary. Field crew personnel regularly calibrated
with tape measures and to each other in order to maintain consistency for visual

estimates.

Early on in the road assessment, we considered and evaluated two different methods

for assessing stream crossing volume. The first method measured the basic crossing
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dimensions (averaged centerline, up and down stream top widths, channel widths, and
estimated fill depths) to calculate crossing volume using a double ended area formula.
A second method involved taking additional field measurements including the slope
length and angle of fill from the edge of roadbed down to channel on both the upstream
and downstream sides of the road. We recorded the slope of the natural stream
channel above and below the influence of road, and this additional data was used to
draw a scaled cross sectional diagram of each crossing to derive the upstream and
downstream depth of fill. Next, we calculated volumes for the center wedge of fill
directly beneath the roadbed and the wedges of fill that extended. from the edge of
roadbed out toward the stream channel on either side. We then.added together the
separate volumes for a total stream crossing volume. Although the second method is
commonly used for estimating stream crossing volumes, it'was significantly more time
consuming with the collection of additional field data and the requirement of sketching
each stream crossing in the office. When we.compared the two methods side by side

for the same crossings, the first method always-resulted in a larger calculated volume.

Uncertainty is inherent when estimating the volume of a stream crossing. Estimating
crossing dimensions (for example, depth of fill), interpreting crossing fill footprint, and
existence of buried logs, culverts, or tree stumps affect the calculated and actual
volumes. Excavated craossing volumes often preclude calculated crossing volumes
because site specific. design may warrant it. Because of the inherent uncertainty, we
chose to use the first method, opting to be conservative with our calculations both in
terms of threat to.the resource and project planning.

The second group collected information on existing road features and structures and
recommended upgrades to improve road construction standards and to minimize annual
maintenance requirements. For continuous road features, this team recommended a
particular course of action (monitor, clear, remove, replace or install) for each feature
(road base, inboard ditch, inboard pitch, or outboard pitch). For site features or
structures, they recorded current condition and/or recommended prescriptions for

installation, replacement, repair, or monitoring of bridges, retaining walls, culverts,
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stream crossings, climbing turn/switchbacks and road armoring (Appendix B, Road

Assessment Forms-Sheets 3 and 4).

SKID TRAIL INVENTORY
Although we did not inventory or assess skid trails and fire breaks in the scope of this
investigation, we conducted a property-wide air photo analysis of the skid trail network
concurrent with field data collection. This was done to assist immediate planning and
address any possibility of overlooking significant abandoned roads that were not already
contained in the GIS line work of known haul roads. The analysis utilized the same
series of photos used for the road construction and landslide histories (Appendix A).
We reviewed each series (year) using a mirrored stereoscope with magnifier. All skid
trails and roads within the property not part of the GIS line work were reviewed. Any
roads exhibiting characteristics likely to contribute to future erosion or stream crossing
diversion were hand digitized into a separate secondary roads database. Criteria for
inclusion of secondary roads were those appearing to have a large cut and fill prism
compared to adjacent skid trails, those that cross a stream channel, or those that
traverse a steep slope for significant length without possibility of hydrologic
disconnection. Secondary roads total 45.8 km (28.5 mi), adding 10% to the overall
known haul road mileage. We will.continue to address the secondary roads at a project

unit planning level as necessary.

DATABASE DEVELOPMENT
We inventoried.a total of 468.4 km of routed haul roads (Table 5). Our office technician
input the data from all Continuous Variable worksheets and Road Assessments forms
We stored road inventory data in two Microsoft Access databases. The databases were
developed to contain all features collected during the inventory. We deigned one
database (MillCreekAssessment.mdb) to contain discrete point or interval features (road
sites). These sites had limited extent and a distinct set of characteristics that we
captured regardless of whether it was a single point or a segment of road. Road sites
included stream crossings, gullies, mass wasting events, and seeps and/or springs.

The second database (MillRoadCondition.mdb) was developed to contain road
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condition data. These data were continuous along all roads. We captured unit fill

volume, width, grade, pitch, and others continuously for all roads.

Table 5. Road inventory summary.

Kilometers (miles) of haul road inventoried: 468 (291)
Kilometer (miles) of secondary roads: 46 (29)
Number of road-stream crossings: 1451
Number of landings: 981
Number of culvert cross drains: 515

ROAD ASSESSMENT

The road assessment is based on inventory data collected during the field surveys from
2002 through 2005. We used the inventory data combined with GIS raster data (DEM
and SINMAP) to develop a scoring matrix that-would evaluate the road’s relative risk of

failure and determine which roads pose the greatest threat to resources within the

property.

We characterized sites and‘road.segments by assigning score values to the various
attributes collected during.the road inventory. Once characterized, sites are evaluated
individually and cumulated along routes to determine which roads and sites are the
most likely to experience failures and how much sediment each route and site could

contribute to watercourses.

RiSK.VS. THREAT
Our approach begins by distinguishing individual sites and road segments by their
relative probability or risk of failure. We used physical attributes that are known to affect
stability in order to assign a sensitively score to each site and road segment. In
addition, we calculate the potential threat posed by the sites and road segments. For
this analysis we chose to use delivery of sediment to streams for the threat presented

by the road network. Although threat could be characterized by a variety of potential
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impacts (water quality, aquatic habitat, rare flora, loss of infrastructure), we are
confident that episodic and chronic inputs of sediment to the stream network produce
negative impacts to aquatic habitat that can persist for decades. Sediment delivery is a
commonly used parameter to quantify road impacts, and conversely, the cost
effectiveness of road rehabilitation projects.

By evaluating risk and threat independently, we will be able to view roads and. sites
based on their risk of failure alone, or in combination with a variety of other factors that
would constitute threat (sediment delivery, resource impacts, loss of infrastructure). For
example, a site may exhibit high risk for failure but not have a large volume associated
with it. In a typical second growth forest setting the threat.may be interpreted as low
compared to a similar site with high volume. However, if the.road is immediately above
exceptionally sensitive habitat such as a Darlingtonia-Fen, even a small volume failure
could have a severe impact. As new information is gathered regarding natural, cultural,
and capital resources, threat values can-be interpreted in the context of new

information, as well as the current condition of a site or road segment.

ANALYSIS AND DERIVED DATA
This analysis necessitated combining-the two databases (road sites database: MillCreek
Assessement.mdb and road condition database: MillRoadCondition.mdb). If we wished
to examine the road surface condition at the location of springs throughout the network,
for example, we needed a method to combine the data and then query the results. We
accomplished.this task by using the model builder function in ArcGIS®9 (ArcMap™
Version 9.3:1). The model was designed to add the two database event tables to the
map and.then export them as feature classes. Once converted to feature classes, the
model overlaid the data using a spatial join. We set the model to use a one-to-one
intersection to join road condition attributes to the road interval features. For point
features, we set the model used a one-to-one join for features within the road condition
interval. Once combined, the resulting feature class could be queried using common

definition queries to obtain the desired information.
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SPATIAL DATA (DEM AND SINMAP)

Lidar-based 1m DEM
DPR obtained LIiDAR (Light Detection and Ranging) data over the entire Addition

property in 2007 (post road inventory completion). The LIDAR data was used to
develop a DEM with a resolution of 1 meter pixel size. A grid DEM consists of a matrix
data structure with the topographic elevation contained in each pixel. The LiDAR-based
DEM was capable of resolving site specific elevations across the landscape to within
0.3 mto 0.5 m (1 to 1.5 ft) in the vertical dimension. The DEM provides.a powerful tool
for this road assessment permitting us to visualize road alignment and landing features,

confirm location of secondary roads, and derive local slope steepness.

Accuracy and limitations of routed network revealed bysLiDAR"data

The new LIDAR data has been a useful tool for assessment of the routed network, and
reveals the inaccuracy of our hand digitized line'work. Recall that the original line work
for the routed roads was derived from the 1998 and 1993 DOQs, and a small portion of
roads constructed after 1998 (5.04 km) not seen in the DOQs were hand digitized by
field staff (see GIS Routing). The new LIiDAR based DEM allows us to accurately
visualize the ground surface and road network quite clearly without the obstruction of

vegetation that is present in the DOQs.

It should be noted that the portion of attribute score assigned by the DEM is only as
accurate as the routed line work is in relationship to the actual road prism in the DEM.
For example, if.a route does not accurately line up with the road prism on the DEM, then
the slope value (taken 50 m downslope from the designated point on the route) may not
actually be the slope 50 m below the road, it would be the slope 50 m downslope from
where the line work is drawn. The initial line work derived from the DOQs has been
substantiated with the addition of the LIDAR based 1-meter DEM to be accurate;
however, the hand digitized routes are not in alignment with the road prism. Because
the hand digitized line work represents such a small fraction, 1%, of the overall routed
network, we chose not to redraw, reroute, and reassign site addresses to the features
on the hand digitized roads. The LIDAR based 1-meter DEM has allowed us to
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confidently conclude there are no major discrepancies or undetected haul roads that
were somehow missed in our original inventory. Additionally the 1-meter DEM will be
useful in validating the secondary roads identified through the air photo inventory, and

provide a template to redraw secondary roads as needed on a project by project basis.

SINMAP

We used SINMAP 2.0 to produce a slope stability index and map for the Mill.Creek
Addition. We used the stability index to characterize relative slope stability across the
property and as an input to the scoring matrix. Calibration parameters-used for the
SINMAP model were derived from local soil properties measured as part of a RNSP soil
survey (USDA 2008), a study conducted by Gabriel Paulin«2007) within the Mill Creek
area, and regionally estimated precipitation values. We validated the SINMAP output
using the landslide history obtained through our<earlier air photo inventory of the

property.

SINMAP 2.0 (Stability INdex MAPping) uses. the infinite plane slope stability model and
steady-state shallow groundwater hydrology to produce a slope stability index for a
study area (Pack, et. al., 2005). “Input parameters are assumed to be normally
distributed and the upper and‘lower._limits of parameter values are set as model input.
Parameter values can be calibrated for geographic regions to reflect varying conditions
across the study area. In addition, SINMAP allows for visual calibration by adjusting

input parameters to reflect field verified landslide activity.

SINMAP 2.0 is implemented through a plug-in to ArcGIS-ArcMap. The original ArcView
SINMAP“was.developed between Terratech Consulting Ltd, Utah State University and
C.N.“Goodwin Fluvial System Consulting with the support of Forest Renewal British
Columbia, in collaboration with Canadian Forest Products Ltd., Vancouver, British
Columbia. The ArcGIS version of SINMAP 2.0 was developed with support from the
Rocky Mountain Research Station, Forest Service, U.S. Department of Agriculture
under joint venture agreement number 03-jv-11222014-050. The digital elevation model

methodology and algorithms have been developed by David Tarboton.
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Appendix C contains a complete description of each soil map unit that was
characterized as part of the RNSP soil survey. We divided the property into 7 soil
regions where soil map units were grouped according to an erodability index (Seney
2010). Each soil region was grouped from 2 to 5 soil map units, with each soil region
consisting of one to three major components (Table 6 and Figure 11). The major
components of each soil region are divided by horizon and those that fell within 50 cm

to 150 cm deep were evaluated to determine values for calibration parameters.

Table 6. Soil Map Units grouped into regions.

Region [Map Units Major Components Description
very deep, sandstone and some mudstone colluvial and
590, 591, 592, |Sasquatch, Yeti, Footstep, residual soils (150 to 200.cm thick) with fine-loamy to fine
1 594 Sisterrocks, Ladybird textures and angularfragments (forest type moist redwood)

very deep, sandstone and:some mudstone colluvial and
residual soils (150:to 200 cm thick) with fine-loamy to fine
Cooopercreek, Tectah, textures and angular fragments (forest type redwood-Douglas-
2 580, 581, 582 |Slidecreek, Lackscreek fir)

very deep, schist and metasedimentary colluvial and residual
soils (150 to 200 cm thick) with fine-loamy to fine textures and

3 583, 586 Peacock, Wiregrass angular fragments (forest type Douglas-fir-redwood)
Coppercreek, Ahpabh, very deep, sandstone and some mudstone colluvial and
534, 538, 549, |Lackscreek, Wiregrass, Pittplace, |residual soils (150 to 200 cm thick) with fine-loamy to fine
4 584, 585 Scaath, Rockysaddle textures and angular fragments (forest type tanoak-Douglas-fir)

very deep, weakly consolidated siltstone, sandstone and
conglomerate colluvial and residual soils (150 to 200 cm thick)
fine-loamy to loamy-skeletal and rounded fragments (forest type
5 587, 588 Childshill, Surpur tanoak-Douglas-fir)

shallow to moderately deep, serpentinite and periodite residual
soils (50 to 100 centimeters thick) loamy-skeletal and angular

756, 759, 760, |Oragran, Weitchpec, Jayle, cobbles and stones (jeffery pine parkland and Douglas-fir-
6 761 Walnett, Gasquet tanoak forest)
171, 172, 174, very deep alluvial soils from mixed sources (150 to 200
7 177, 595 Bigtree, Mystery centimeters thick) coarse to fine loamy and rounded fragments.
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[ Region 1 (soil map units: 590, 591, 592 & 594)

[7" Region 2 (soil map units: 580, 581, & 582)
Region 3 (soil map units: 583 & 586)

[ Region 4 (soil map units: 534, 549, 584, & 585)

[ Region 5 (soil map units: 587 & 588) '

[ Region 6 (soil map units: 756, 759, 760 & 761)

[ Region 7 (soil map units: 174)

Figure 11. Soil map units grouped by region.
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Five calibration parameter values were selected as a starting point for the SINMAP
modeling: soil bulk density, internal angle of friction for the soil, dimensionless cohesion,
soil transmissivity and the recharge rate within the specific catchment area. The last
two parameters are used as a ratio ('/g) to define the topographic wetness index. Soil
bulk density, internal angle of friction and dimensionless cohesion were taken from Soil
Survey of Redwood and National Parks, California (2008). Transmissivity values were
taken from samples collected by Paulin from 2005 to 2007. The recharge rate was
estimated using recent historical observations of landslide activity and the associated
rainfall intensity.

Soil Bulk Density

Because soil bulk density contributes to the driving force.of a weak soil mass we
selected the highest soil bulk density as the input to-the model. The soil survey only
guantified the non-rock portion of the sample so we had to calculate the density of the
horizon including rock fragments. Survey data listed the fraction of the sample that was
rock fragments, so we were able to calculate the total bulk density for the horizon by
multiplying the measured soil bulk“density by its representative percentage in the
sample and added that to the percentage of rock fragments multiplied by 2,650 kg/m?®

(the average density of rock fragments).

Angle of Internal Frictien ()

The angle of internal friction is the measure of the ability of a rock or soil to withstand a
sheer stress. .SINMAP’s basis in the infinite slope model requires an estimation of the
maximum.and minimum values of phi (¢). We used values of ¢ taken from the soil

survey-as calibration parameters for the model.

Cohesion (C)

Cohesion in soils is the result of two primary factors: electro-chemical bonding at the
molecular level and root strength. SINMAP’s basis in the infinite slope model requires
an estimation of the maximum and minimum values of cohesion (C). SINMAP uses a

dimensionless cohesion factor derived by combining the soil and root cohesion with soil

Mill Creek Addition Road Inventory and Assessment Report Page 46



density and thickness. We used values of C taken from the soil survey as the

calibration parameter for the model.

Topographic Wetness Index (“/7)

The topographic wetness index is the ratio of the recharge to the transmissivity of the
soil. Transmissivity values were taken from laboratory results of samples taken by
Paulin across the western third of the Mill Creek property. Transmissivity defines the
soil's capacity for lateral transmission of water in m%hr. Recharge as used.for SINMAP
refers to effective recharge (in m/hr) over a critical period of rainfall likely to trigger
landslides. We assume the effective recharge is imposed over-already wet soils with
prolonged antecedent precipitation. In our region local observations of rainfall intensity
and landslide initiation indicate an effective recharge rate of 3 inches over a 12 hour
period with near saturated soils at the start of the period.

Lidar-based DEM 1m verses 10m

SINMAP uses a grid Digital Elevation Model.(DEM) to process slope and specific
catchment area values. In theory, the better the DEM, the better the model output.
Consequently, we began the SINMAP modeling by using the 1-meter DEM developed
using 2007 LIDAR data. Unfortunately, for reasons not yet understood, the 1-meter
DEM could not be used with:the SINMAP modeling software. It is assumed at this point
that the problem lies with an unidentified artifact in the data and not with the software.
Because of the problems encountered with the 1-meter DEM we chose to use a 10-
meter LIDAR derived DEM instead. Using these new data produced satisfactory results
but as the problems are resolved with the higher resolution DEM we will return to the

model and-generate a new stability index.

SINMAPwerses Historical Landsliding

Upon finalizing the SINMAP calibration and model runs we compared the distribution of
the stability class definitions to the location of landslides inventoried during our historical
landslide analysis (See Landslide History). We used the GIS to overlay the two
datasets and qualitatively assessed how well the model output fit the observed

landsliding (Figure 12).
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SINMAP Stability Class :

Slope Zones (Stability Index Value) |

I Defended (0 - 0.001)

_ Upper Threshold (0.001 - 0.5)

' Lower Threshold (0.5 - 1)
Quasi-stable (1 - 1.25)

[ Moderately Stable (1.25 - 1.5) ¥ 1

I stable (1.5 - 10) ¥ 34

= Historic Mass Wasting
il S 3
)

= oA

Figure 12. SINMAP slope stability index.
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RISK ASSESSMENT
We characterized four site types: 1) road-stream crossings, 2) landings, 3) mass
wasting events, and 4) road fills (segments) using physical attributes that are known to
affect site stability. Sensitivity scores developed for the four site types represent a site’s
relative potential for failure with the highest score having the highest risk of failure and
the lowest score having the lowest risk of failure. It was our goal to rank roads based
on their existing physical attributes in a manner that removes as much- subjectivity as
possible, so that all sites and road segments are compared equally and objectively. A
three step process was used to score each site: 1) assigning and .summing attribute
scores, 2) normalizing the raw site score by the number of attributes, and 3)

renormalizing the site score so that all site type scores are equally weighted.

1. Summing Attribute Scores

We used field data contained in the two road inventory databases as well as the LIDAR-
based 1-meter DEM and SINMAP to generate the sensitivity scores (Tables 7-10).
Because all attributes do not affect the site to the same degree, we scaled the top value
of each attribute’s score range to reflect the relative importance of that attribute to site
stability. For example, when evaluating the stability of a landing site, the maximum
score value for local slope (scored 0 to 20) is significantly more important than the
proximity of the landing to.cross drain culvert (scored 0 to 3). Score values of zero were

assigned if the attribute category is not likely to affect site stability.
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Table 7. Site scoring values for each attribute of road stream crossings (non-culvert

and culvert).

Crossings Culvert Crossings
Attribute Category Score| |Attribute Category Score
Crossing feature Properly sized culvert
0-10 stream 10 0-20 yes 0
swale 0 no 20
Crossing Diversion Culvert condition
0-20 Active 20 0-15 poor 15
Potential 15 fair 7
No Potential 0 good 0
Crossing type Plugging potential
0-15 bridge" 0 ||o0-20 low 0
culvert 6 medium 10
Humboldt 15 high 20
fill 12
other 6 Culvert drains onto fill
0-10 yes 10
Erosional process no 0
0-20 undercutting 13
collapsing 17
fill failure 20
gully 9
streambank 5
none 0
Condition of fill
0-15 intact 0
removed < 50% 6
removed >50% 14
washed out >10% 15
Sediment transport
0-10 high 10
medium 5
low 0
Adjacent instability
0-10 yes 10
no 0
Max raw score crossings 100 | [Maxraw score culvert crossingss 165
Max score normalized by number of attributes (n=7) 14.3 | |Max score normalized by number of attributes (n=11) 15.0

1. If crossing type is bridge, total score defaults to zero
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Table 8. Site scoring values for each attribute of landing site types.

Landing Events

Attribute Category Score Attribute Category Score
Fill unit volume (m/m3) Proximity of Landing to springs/seeps
0-20 >50 20 0-8 0 meters (within or touching) 8
30-50 15 1-50 meters 7
10-30 10 >50 meters
<10 2
Proximity of Landing to gully
Water onto landing 0-20 meters 5
0-15 Yes 15 > 20 meters 0
No 0
Proximity of Landing to cross drain culvert
Local slope (maximum value within 50m downslope) 0-20 meters 3
0-20 >60% 20 > 20 meters
40% - 60% 10
0% - 40% 0 Proximity of Landing to mass wasting1
0-10 1-50 meters 10
Soil Map units/Underlying geology >50 meters 0
0-15 Map units 587 or 588 15
all other map units 0 SINMAP (segment overlapping)*
0-10 stable 0
moderately stable 1
guasi-stable 5
lower threshold 7
upper threshold 9
defended 10
Max raw score 96
Max score normalized by number of attributes? (n=8) 12.0

1. If proximity of landing to mass wasting is from 1 - 50 meters, do not add score value for SINMAP. If proximity of landing to mass
wasting is greater than 50 meters, use SINMAP output value.

2. Because categories "proximity to-mass wasting" and "SINMAP" are scored either/or to avoid double counting, they count as one
category.

Table 9. Site seoring values for each attribute of mass wasting events.

Mass Wasting
Attribute Category Score
Extreme erosion potentail® Future erosion potential®
0-30 Low 0 5-15 Low 5
Medium 20 Medium 10
High 30 High 15
Max raw score 30
Max score normalized by number of attributes? (n=1) 30.0

1. If extreme erosion potential is medium or high, then future erosion potential recieves no score. If extreme erosion potential is low, then use value for
future erosion potential.

2. Because categories "future erosion potential* and "extreme erosion potential" are scored either/or to avoid double counting, they count as one
category.
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Table 10. Site scoring values for each attribute of road fill segments.

Road Fills
Attribute Category Score Attribute Category Score
Fill unit volume (m/m3) Local slope (maximum value in segment)
0-10 >8 10 0-20 >60% 20
5-8 7 40% - 60% 10
3-5 4 0% - 40% 0
0-3 1
Proximity of Road segment (pixel) to springs/seeps
Vegetation load 0-8 0 meters (within or touching) 8
0-3 high 1 1 - 50 meters 7
medium 2 >50 meters 0
low 3
Proximity of Road segment (pixel)to gully
Road drainage 0-20 meters 5
0-6 insloped/ditch 2 >20 meters 0
outsloped/none 0
rillitire ruts 5 Proximity of Road segment (pixel) to cross drain culvert
road gully 6 0-20 meters 3
tread drainage 3 >20 meters 0
water bars 2
Proximity of Road segment (pixel) to mass wasting®
Inboard ditch 0-10 1-50 meters 10
0-5 double /O 3 >50 meters 0
filled 5
gullied 4 SINMAP (segment overlapping)1
none 0 0-10 stable 0
open 1 moderately stable 1
vegetated 2 quasi-stable 5
outboard 3 lower threshold 7
upper threshold 9
Soil Map units/Underlying geology defended 10
0-15 Map units 587 or'588 15
all other map units 0
Max raw score 85
Max score normalized by number of attributes? (n=10) 85

1. If proximity of road segment to mass wasting is from 1 - 50 meters, do not add score value for SINMAP. If proximity of road segment to mass
wasting is greater than 50 meters, use SINMAP output value.

2. Because categories "proximity to mass wasting" and "SINMAP" are scored either/or to avoid double counting, they count as one category.

Scores.were derived from attributes that were directly related to the site such as fill
volume or vegetation load, and from attributes which may affect the site such as
proximity to a landslide site or the steepness of the slope below. We used buffering
distances along routes within ArcMap™ to assign values to various proximity-based
attribute scores. For example, at landing sites values could be scored based on

whether a site was 0 meters away (touching or within) (8 points), 1 m to 50 m away (7
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points), or greater than 50 m away (0 points) from a spring. Proximity attributes were
considered because field observations indicate that road related failures tend to cluster

near geomorphic or hydrologic features such as springs or existing mass wasting sites.

Some attribute categories were paired and only one of the two was scored to avoid
double counting of related attributes. For example, local slope instability could have
been scored based on existing field evidence of mass wasting or probable future-events
based on the slope stability model. To avoid double scoring a site that was in close
proximity to a mass wasting event and also overlapping an area prone-to instability
according to SINMAP, the site type was first scored according to its proximity to a mass

waste event, and if not within 50 m, a score was assigned using the SINMAP output.

2. Normalizing raw site scores by the number of attributes

Once we had assigned a score to each attribute,the.scores were summed to yield a
raw site score. The raw site scores range from 0-100 for non culvert crossings, 0-165
culvert crossings, 2-96 for landing sites, 5-30 for mass wasting events, and 2-85 for
road fill segments (Tables 7-10). The raw site scores, however, are not indicative of the
relative risk of failure because each site type is composed of a different number of
attributes summed for the total raw.score. For example, a site type with 11 attributes
will usually generate a raw score higher than a site type with 7 attributes; the maximum
raw score achievable by each site type differed. To negate the effect of having differing
numbers of scored attributes, we divided each raw site score by the number of
attributes summed. This generated the normalized site score.

3. Renormalizing site scores to equally weight site types

We renormalized the site scores using a scaling factor to equalize risk across all site
types. We refer to this as a double-normalized site score. By equalizing risk across site
types we are able to use the individual site scores to produce summed risk values for
whole roads without one site type skewing the total. For example, a road with 5 landing
sites and 5 crossing sites scored at the maximum risk value will receive the same total

score as a road with 10 crossing sites scored at the maximum risk value.
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To calculate the double-normalized site score, we multiplied the normalized site score

by a scaling factor to equalize the maximum risk score achievable by all site types.

To calculate the scaling factor for each site type, we divided the maximum achievable
normalized site score for each site type by the highest possible normalized site score
(which is 15 for culvert crossings). We used each resultant multiplier to increase each
normalized site score to equal the weight of the highest scoring site type. This set the
maximum scores for the other four site types equal in weight to those of stream

crossings with culverts.

RANKING SITE RISK
Once we calculated the double-normalized site scores for.all sites and road segments,
we reviewed the scores for each site type individually. “First, we reviewed the range of
the values and the maximum and minimum values:to.determine whether the attribute
scoring values produced reasonable sensitivity.scores based on our field knowledge of
specific sites. This was also an opportunity-to identify any outliers and determine their
validity.

We chose to group sites and routes into three risk classifications: High, Moderate, and
Low. High risk sites represent sites possessing numerous characteristics that indicate
failure is probable given the right conditions. Next, we plotted histograms of each of the
site type’s sensitivity scores and evaluated the distribution. We looked for obvious
breakpoints where we could assign risk classifications. We found that the distribution of
the data was not as valuable for identifying break points as our own knowledge of the
conditions.at-the sites themselves. We calibrated the break points up and down to
produce different map representations and compared those to our first-hand knowledge
of individual sites. The scoring was validated as the worst sites known from field

observations were appearing as high priority sites.

RANKING ROAD FILL RISK
We ranked each route’s road fills by summing the double-normalized risk scores of all

road fill segments that made up a route. By dividing the total road fill score by the
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length of route, we were able to compare road fill risk scores per length, and in the

same manner as sites, determine route risk classifications of High, Moderate, and Low.

RANKING ROUTES USING SITE AND FILL RISK SCORES
Because stream crossings, landings and mass wasting sites are physically distinct from
road fills, we were unable to include the road fills with the other site types to produce a
single value that represented the whole route. It is clear that a crossing-constitutes a
site. The same holds true for landings and mass wasting sites. However, as we tried to
define a road fill site in order to assign it a risk score we were unable to answer the
guestion “what is a road fill site?” It became clear that we would have to assign risk
scores individually to the sites and collectively to the road fill segments that made up a
route. This resulted in two risk scores for each route, one quantifying the road fill failure

risk and one quantifying the site failure risk.

Two rankings (fill risk score per length and site.risk score per length) can be evaluated
independently to determine the relative risk.of failure of the road itself and/or the risk of
failure of the sites along the road. Evaluating routes as a whole provides us with a first-
cut ranking of which routes present the most significant risk to park resources. While
this information will help us select'which routes deserve the highest consideration for
treatment, it doesn’t provide infoarmation about how the risk is distributed along a route.
Knowing which segments of a route constitute the highest risk will allow managers to
target the highest'scored segments and make decisions about sequencing treatments.
Although beyond the scope of this assessment report, segment fill scores and site
scores will'also be considered at the project planning level.

THREAT ASSESSMENT
We chose to use sediment delivery to the stream network to characterize the relative
threats posed by road segments and sites. Sediment delivery, however, can only be
guantified as a potential estimate. It is known that fluvial erosion (stream crossing
failures, stream diversions, and gullies) as well as mass movements (fillslope failures,
landing failures, and cutbank failures) have the potential to deliver sediment to the

stream network. However these erosional processes are episodic in nature and are
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often triggered by large storm events (DFG 2004). In addition, there are several ways in
which a stream crossing has the potential to fail and deliver sediment (a plugged or
undersized culvert, flow being diverted down the road, collapse of fill from within, or a
gully developing and gradually washing the fill out over time). Each of these failure
mechanisms may yield a different quantity of sediment to the streams over an uncertain
amount of time. For these reasons, sediment delivery cannot be accurately predicted
with an absolute value, but rather as the relative magnitude of an expected outcome if

rehabilitation of the roads is not undertaken before the next large storm.event.

Stream Crossings

For stream crossing sites, we assume that when crossings fail, they will eventually
erode and incise to their original channel depth and width and the side slopes will lie
back until they reach an angle of 1:1 (100%). Field-observations indicate that crossing
failures yield from 60% to 100% of their original fill ' volume, depending on the failure
mechanism involved. Also, the sediment plug upstream of many crossings will deliver
to the stream when the crossing fails due.to the unconsolidated nature of the material.
For this assessment we chose to calculate the potential sediment delivery ratio (SDR)

for stream crossings at 80% of the total crossing volume.
Sediment Yield = Sediment Delivery Ratio (%) X Total Crossing Volume (m?)
Sediment Yield.= .80 X (crossing volume + sediment plug volume)

Landslides

For all field documented landslide sites, we ranked the potential for future erosion and
the potential for extreme erosion as low, medium, or high (Appendix B, Road
Assessment Form Sheet 1). We calculated an estimate of the future deliverable volume
and also selected from categorical volumes to quantify an extreme erosion event, if it
were to occur. We determined the potential landslide yield volume by using the value

taken from a three-step process:

1. If the potential for extreme erosion is high, we use the highest value circled for
the associated categorical volume.
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2. If the potential for extreme erosion is medium, we use the median value circled

for the associated categorical volume.

3. If the potential for extreme erosion is low, we use the volume estimate for future

deliverable volume.

Landings
The steepness of slope is a key factor related to the failure of landings. Landing fill

slides can only occur when slopes are steep enough for some of the other factors (soil
and parent material, root cohesion, and moisture conditions) to combine and produce a
stress that exceeds the resistance of the soil or rock material making up the slope.
Therefore, we used local slope steepness as a key attribute.in‘the calculation of the
SDR for landing fills. We established the SDR by looking at the local slope using the 1m
DEM to determine the highest slope value (percent).within 50 meters downslope from a

landing. We then chose the SDR based on the following parameters:
1. If the local slope is greater than 60%, the'SDR is 150%
2. If the local slope is between 40% and 60%, the SDR is 100%
3. If the local slope is less:than40%, the SDR is 50%

We chose to use a SDR of 150% for landings on slopes greater than 60% because field
observations indicate that landing fillslope failures promulgate down steep slopes before
delivery to a stream channel. Although this approached is simplified by only using slope
values immediately below the landing fills, Bartle (1998) suggests that if hillslope
geometry.remains constant, fill failures will accumulate volume down a slope greater
than 40%:

Road Fills
Road embankment fill is somewhat more difficult to apply a geomorphic rational for
calculating SDR. Road fills can be subject to fluvial erosion, mass wasting, or any

combination of factors resulting from the road features’ interaction with the road network
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as they fail from lack of maintenance or storm damage. It is not likely that a road will falil
in entirety; instead sections will fail over time. For this assessment, we chose to
calculate road fill SDR based on a percentage of the road that will eventually fail, and
then using a percentage of the failed material that will yield sediment to the creeks. The
SDR we used to calculate road fill yield is:

Yield = 20% of total road fill volume (failed) X 40% of failed road volume (delivered)

Road Surface Erosion

Road surface erosion is a chronic low-volume sediment source that can be delivered to
streams via drainage ditches, sheet flow, and minor stream flow along road surfaces.
Yield from road surfaces can vary widely and is dependent on many factors including
road use, road surfacing material, road vegetation ‘cover, and road maintenance
activities. A commonly used average rate of road-lowering (erosion) is 6mm per year
for active, aggregate surfaced roads. Although we did not record a value segment-by-

segment we can use the road activity level to.estimate a value for road surface erosion.

An accurate estimation of sediment delivery to streams depends on conveyance of the
fine sediment off the road to the streams. Within the Mill Creek Addition, most roads
were constructed to drain_to _and. inboard ditch so we assume that 100% of fine
sediment eroded from active roads will be delivered to the stream network. We
calculated the road.surface erosion rate for the active road network by multiplying the

lowering rate, the average road width, and the road length.

RANKING SITE THREAT
Similar to site risk, we rank the threat of sediment delivery by grouping sites into
categories of high, moderate, and low. Break points for categories of threat remain
constant regardless of site type. We chose to group all sites that could deliver up to 300
m® as low. Sites that could deliver from 300 m?® to 1,200 m*® were categorized as

moderate. Any sites capable of delivering over 1,200m* were considered a high threat.
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We selected these breakpoints based on our observations in the field on the effects of
various mass inputs to the streams. Inputs less than 300 m*® were generally processed
quickly by moderate to large streams. The wedge of sediment was quickly attenuated
downstream and alluvial deposits were uncommon. Volumes ranging from 300 m? to
1,200 m*® were more resistant to reworking and tended to deposit as small fill terraces
for a significant distance downstream. Stream inputs greater than 1,200 m®.resulted in
significant impact to the deposition site as well as distant downstream reaches. At the
deposition site sediment often caused the stream to shift course undermining riparian
vegetation and scouring additional sediment from adjacent slopes.and terraces. In
small to moderately sized streams the depositional wedge often remained intact with
deeply incised gullies created by stream flow. Downstream deposits extended for long
distances and often formed deltaic deposits at stream confluence points. In larger
streams much of the sediment was reworked and. transported downstream where

extensive reworking of the active channel and floedplain often liberated more sediment.

RANKING ROUTE THREAT
The threat of sediment delivery for individual road fills was done using a unit-threat
value, that is, all potentially deliverable sediment was summed along the route divided
by its length in kilometers.”. This.yielded values ranging from Om® to 670 m® per
kilometer. Because the road fills are distributed along a linear feature it is unlikely that
a single segment would yield a significant volume of sediment. Instead, we characterize
the whole route with a single unit-value. Breakpoints for high, moderate, and low risk
were assigned using even intervals, splitting the range into thirds to show the relative

threat between routes.
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ROAD ASSESSMENT RESULTS

We ranked 443 roads totaling 468 km by their combined risk of failure and sediment
delivery threat (Plate 1). Individual roads ranged in length from 0.02 km to 23.06 km.
Of 3,682 sites and fills evaluated, 1,451 are road-stream crossings, 981 are landings,
807 are mass wasting sites, and 443 are road fills (Table 11 and Plate:2). Nine-
hundred and eight sites are considered high risk with a combined potential sediment
delivery of 905,079 m*. Moderate risk sites number 1,813 and represent 1,281,885 m®
of potential sediment delivery. Low risk sites account for 398,522, m* of potentially
deliverable sediment contained in 961 sites. We estimate chronic read surface erosion
and fine sediment transport delivers 14,000 m® per year-to the‘stream network within

the Mill Creek Addition.

Table 11. Road assessment summary.

Total Total |High High Moderate  Moderate | Low Low
Sites  Volume | Risk Risk.Volume Risk Risk Volume | Risk 'Risk Volume
# #  cubic meters # cubic meters| # cubic meters
Crossings 1,451 833,391] 454 395,474 690 349,424 307 88,489
Landings 981 1,445,289 205 374,229 506 809,370 270 261,686
Mass Wasting Sites| 807 183,999 153 127,500 376 39,115] 278 17,384
Road Fills 443 122,811] - 96 7,876 241 83,97 106 30,963
Total 3,682 2,585,48¢ 908 905,079 1,813 1,281,889 961 398,522

Individual road ranks-ranged from 1 to 12 with 12 representing the most critically
unstable roads and 1 representing the least unstable roads (Table 12). The final road
rank is a sum_of 4 scores ranging from 1 to 3, route risk rank, route threat rank, site risk
rank, and_site threat rank. Roads with higher rankings have a greater risk of failure
combined with a larger potential sediment yield as failures occur. Sites with lower
scores.represent either less risk of failure, less potential sediment delivery, or both. The
final road ranking is gradational rather than categorical because we could not identify
any criteria which could define categorical boundaries. We believe this is an advantage
because this assessment is intended to be a tool to compare the relative risk and threat
of roads in the context of integrated resource management planning and policy

decisions.

Mill Creek Addition Road Inventory and Assessment Report Page 60



Table 12. Road and site ranking.

Road Fills Crossings Landings Mass Wasting Sites
Route Final Road Route Risk Route Threat Site Risk Site Threat | Total Number Total Total  Total Mass High High Moderate  Moderate Low High High Moderate  Moderate Low High High Moderate  Moderate Low

Road/Route Length Rank Rank Rank Rank Rank of Sites Crossings Landings  Wasting Risk Volume Risk  Risk Volume Risk Risk Volume Low Risk Risk Volume | Risk  Risk Volume Risk Risk Volume Low Risk Risk Volume | Risk  Risk Volume Risk Risk Volume Low Risk Risk Volume
(km) (1-12) (1-3) (1-3) (1-3) (1-3) (#) (#) (#) (#) 1-3 cubic meters # cubic meters # cubic meters # cubic meters # cubic meters # cubic meters # cubic meters # cubic meters # cubic meters # cubic meters
Hunter Fire-4 0.08 12 3 3 3 3 1 0 1 0 3 31 0 0 0 0 0 0 0 0 1 1,200 0 0 0 0 0 0 0 0
Ray Smith-1 0.11 12 3 3 3 3 2 0 2 0 3 52| 0 0 0 0 0 0 0 0 1 1,440 1 1,080 0 0 0 0 0 0
Visser Spur-1 0.09 11 3 3 2 3 1 0 1 0 3 44 0 0 0 0 0 0 0 0 1 1,500 0 0 0 0 0 0 0 0
Ear Spur-1 0.07 11 3 2 3 3 1 0 1 0 3 17| 0 0 0 0 0 0 0 0 1 2,400 0 0 0 0 0 0 0 0
Smoke House Rd-1A 0.25 11 3 2 3 3 6 3 0 3 3 73] 3 3,554 0 0 0 0 0 0 0 0 0 0 2 2,750 0 0 1 0
Rocky Point-2 0.16 11 3 2 3 3 3 1 2 0 3 55, 0 0 1 147 0 0 0 0 2 2,340 0 0 0 0 0 0 0 0
Camp Spur-1-1 0.14 11 2 3 3 3 3 1 2 0 2 54, 0 0 1 317 0 0 1 1,200 0 0 1 2,250 0 0 0 0 0 0
Childs Hill-5 0.77 11 3 2 3 3 11 2 2 7 3 144 2 3,792 0 0 0 0 1 2,800 1 3,990 0 0 3 6,500 2 0 2 0
1st Switchback-2-2 0.07 11 2 3 3 3 2 0 2 0 2 33 0 0 0 0 0 0 0 0 0 0 2 1,500 0 0 0 0 0 0
Rock Creek Road-8 0.08 11 3 3 2 3 1 0 1 0 3 51 0 0 0 0 0 0 0 0 1 7,200 0 0 0 0 0 0 0 0
Windfall 1.53 10 3 2 3 2 17 6 3 8 3 469 3 5,086 2 439 1 104 3 5,475 0 0 0 0 2 750 3 75 3 1]
Timberline-Jeep Road Link-1 0.32 10 3 3 2 2 5) 2 1 2] 3 171 0 0 0 0 2 417 0 0 1 1,200 0 0 0 0 2 80 0 0
Mussel-1-A-1 0.06 10 2 3 2 3 1 0 1 0 2 38 0 0 0 0 0 0 0 0 0 0 1 1,000 0 0 0 0 0 0
Smoke House-3 0.41 10 3 2 3 2 5) 0 1 4 3 123 0 0 0 0 0 0 0 0 1 975 0 0 2 1,000 0 0 2 30,
Dry Lake-1A 0.23 10 2 3 3 2 4 1 1 2] 2 99 0 0 1 362 0 0 0 0 1 800 0 0 0 0 2 0 0 0
No Name-2 0.2 10 3 2 2 3 2 0 2 0 3 46 0 0 0 0 0 0 0 0 2 4,350 0 0 0 0 0 0 0 0
Cougar Ridge-4 0.44 10 3 2 3 2 6 0 3 3 3 93| 0 0 0 0 0 0 3 4,100 0 0 0 0 0 0 3 0 0 0
Mussel-3 0.07 10 3 1 3 3 1 0 1 0 3 11 0 0 0 0 0 0 0 0 1 2,025 0 0 0 0 0 0 0 0
Porcupine-2 0.18 10 3 3 2 2 3 1 0 2] 3 65| 0 0 0 0 1 511 0 0 0 0 0 0 0 0 2 225 0 0
P-Line Spur-1-1 0.84 10 2 3 2 3 6 1 1 4 2 327| 0 0 1 3,401 0 0 0 0 1 2,250 0 0 2 2,500 0 0 2 300!
A-J-2-2 0.12 10 3 2 3 2 2 0 1 1] 3 34 0 0 0 0 0 0 1 800 0 0 0 0 0 0 1 0 0 0
Heat Spur-1 0.12 10 2 3 2 3 1 0 1 0 2 48 0 0 0 0 0 0 0 0 1 2,250 0 0 0 0 0 0 0 0
Demonstration Forest Spur-1 0.29] 10 3 2 3 2 5 2 0 3 3 84 2 1,144 0 0 0 0 0 0 0 0 0 0 0 0 2 115 1 35
J-T No. 1 Loop-1-2 0.07 10 3 1 3 3 1 0 1 0 3 6 0 0 0 0 0 0 0 0 1 1,125 0 0 0 0 0 0 0 0
West Branch Road-Park Spur Link-1-1 0.16] 10 3 1 3 3 2 0 1 1 3 18 0 0 0 0 0 0 1 1,890 0 0 0 0 0 0 1 35 0 0
Howards Spur-1 0.18 10 3 2 2 3 3 0 1 2] 3 59 0 0 0 0 0 0 0 0 1 1,688 0 0 0 0 0 0 2 600
A-J Loop-1 1.45 10 3 3 2 2 15 8 4 3 3 584 0 0 8 2,751 0 0 0 0 2 2,100 2 1,160 0 0 3 300 0 0
Flashlite 2.01 10 2 2 3 3 22 5) 5 12 2 546 3 2,526 1 1,672 1 630 2 6,475 3 4,500 0 0 5 6,500 B 500 4 50,
Sec.5-1B 0.2 10 3 2 3 2 2 1 1 0 3 48 1 524 0 0 0 0 1 900 0 0 0 0 0 0 0 0 0 0
Park Spur-1 0.56 10 2 2 3 3 10 5) 4 1] 2 172 3 5,530 2 3,702 0 0 0 0 3 5,326 1 2,100 1 250 0 0 0 0
Wilson Creek-2 0.4] 10 3 2 3 2 5 1 0 4 3 123 1 853 0 0 0 0 0 0 0 0 0 0 2 2,250 1 50 1 120
Sec. 5-1 0.32 10 2 2 3 3 5) 0 3 2] 2 60 0 0 0 0 0 0 2 1,980 1 1,215 0 0 0 0 B 445 0 0
Elkhorn-1 0.18 10 3 2 2 3 2 1 1 0 3 40 1 1,490 0 0 0 0 0 0 0 0 1 1,320 0 0 0 0 0 0
Head Hunter-6 0.35 10 3 2 3 2 5) 0 1 4 3 88 0 0 0 0 0 0 0 0 1 1,800 0 0 3 750 1 50 0 0
Childs Hill-2 0.32 10 2 2 3 3 6 0 2 4 2 79 0 0 0 0 0 0 1 1,800 1 1,800 0 0 0 0 4 0 0 0
Dry Lake-1 0.62 10 3 2 3 2 8 4 1 3 3 145 3 629 1 128 0 0 0 0 1 480 0 0 1 750 1 60 1 0
Paragon-1 0.15 10 3 2 3 2 2 0 1 1] 3 39 0 0 0 0 0 0 1 1,080 0 0 0 0 1 250 0 0 0 0
Low Divide-4 0.53 10 2 2 3 3 8 3 1 4 2 165 2 959 1 174 0 0 0 0 1 1,000 0 0 1 5,000 2 80 1 0
Hilton Spur-2 0.14 9 2 1 3 3 4 2 2 0 2 12| 0 0 0 0 2 447 0 0 1 540 1 840 0 0 0 0 0 0
Crossover-1 0.26 9 3 3 2 1 4 0 0 4 3 115 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 50 B 40
Elkhorn Road 251 9 2 3 2 2 14 9 1 4 2 893| 5 4,142 2 367 1 261 1 1,350 0 0 0 0 3 2,000 1 200 0 0
Rock Creek Road-11 0.74 9 2 2 2 3 8 4 4 0 2 208| 1 368 1 196 2 410 0 0 2 3,900 2 3,950 0 0 0 0 0 0
Rock Creek Road-10 1.22 9 3 2 2 2 15 8 2 5] 3 302] 5 1,164 2 892 1 105 1 2,000 1 1,875 0 0 0 0 1 200 4 600,
1st Switchback-2 1.58 9 1 3 2 3 21 4 6 11 1 594 0 0 3 1,640 1 353 2 3,375 2 2,710 2 2,420 3 6,500 o) 1,800 2 160
Airport Spur-3 0.12 9 3 2 1 3 1 0 1 0 3 41 0 0 0 0 0 0 0 0 0 0 1 2,500 0 0 0 0 0 0
Reservoir-1 0.11 9 2 2 3 2 2 1 0 1] 2 26 1 600 0 0 0 0 0 0 0 0 0 0 1 250 0 0 0 0
Boulder Ave 3.41 9 2 3 2 2 27 12 7 8 2 1287 5 2,559 5 1,954 2 709 2 7,110 5 7,995 0 0 1 250 5 470 2 45
Prospect-1 0.21 9 2 2 2 3 4 2 2 0 2 52| 0 0 1 670 1 295 0 0 2 3,300 0 0 0 0 0 0 0 0
Sec. 36-2 111 9 2 2 3 2 15 8 5 2] 2 385 6 2,887 2 843 0 0 0 0 2 2,055 3 2,700 0 0 2 20 0 0
12Pct Spur 1.7 9 2 3 2 2 11 6 1 4 2 665| 0 0 5) 1,354 1 134 0 0 1 2,250 0 0 4 2,250 0 0 0 0
Bear-1 0.12 9 2 2 2 3 1 0 1 0 2 32 0 0 0 0 0 0 0 0 1 6,750 0 0 0 0 0 0 0 0
Sec. 31 Road 3.968 9 2 3 2 2 33 14 13 6] 2 1674 1 275 8 5,077 B 2,215 4 8,850 8 12,300 1 2,400 4 1,500 2 0 0 0
Head Hunter-5 0.08 9 3 3 2 1 1 0 0 1] 3 36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 20 0 0
Westside Spur 3.7 9 1 3 2 3 32 14 13 5] 1 1374 10 11,557 4 3,010 0 0 1 3,000 12 19,350 0 0 2 4,250 4 425 0 0
Wilbur Spur-5 0.13 9 3 2 1 3 1 0 1 0 3 33 0 0 0 0 0 0 0 0 1 2,000 0 0 0 0 0 0 0 0
Sec. 36-5 0.18 9 2 2 2 3 2 0 1 1] 2 61 0 0 0 0 0 0 0 0 1 1,800 0 0 0 0 1 0 0 0
4th Switchback 4.07 9 2 3 2 2 36 13 8 15 2 1640 8 7,875 4 1,822 1 1,408 3 4,650 5 4,795 0 0 4 6,500 8 960 3 10
Porcupine-3 0.1 9 3 2 3 1 2 0 0 2] 3 27| 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 25 0 0
12Pct Spur Loop 0.58 9 3 2 2 2 6 0 2 4 3 123 0 0 0 0 0 0 1 1,800 1 2,625 0 0 0 0 3 0 1 0
Childs Hill-5-1 0.11 9 2 1 3 3 2 0 1 1] 2 10| 0 0 0 0 0 0 1 3,375 0 0 0 0 0 0 0 0 1 0
Wilson Creek-1 0.1 9 3 1 3 2 1 0 1 0 3 14 0 0 0 0 0 0 1 750 0 0 0 0 0 0 0 0 0 0
J-T No. 1 Inner Loop 0.85 9 2 3 1 3 5) 0 5 0 2 344 0 0 0 0 0 0 0 0 4 10,500 1 2,750 0 0 0 0 0 0
Childs Hill-1 0.72 9 3 2 2 2 5 1 1 3 3 196 0 0 0 0 1 360, 1 4,050 0 0 0 0 1 250 1 0 1 0

B&B Spur 3 9 1 2 3 3 33 13 13 7 1 893] 6 7,391 4 2,702 3 1,786 3 5,340 5 5,655 5 4,000 3 10,250 B 2,000 1
Low Divide-3 0.07 9 2 1 3 3 1 0 1 0 2 3 0 0 0 0 0 0 0 0 1 1,912 0 0 0 0 0 0 0 0
Timberline 4.31] 9 2 3 2 2 37 10 7 20, 2 1720 5 1,093 3 458 2 291 0 0 5 5,318 2 1,140 18 5,750 2 20 0 0
Yellow Jacket-1 0.11 9 2 3 1 3 1 0 1 0 2 51 0 0 0 0 0 0 0 0 0 0 1 1,275 0 0 0 0 0 0
Mussel-1 0.43 9 2 3 2 2 4 0 0 4 2 169 0 0 0 0 0 0 0 0 0 0 0 0 1 1,500 0 0 B 850,
Hunter Fire-3 0.07 9 2 1 3 3 1 0 1 0 2 12| 0 0 0 0 0 0 0 0 1 1,200 0 0 0 0 0 0 0 0
Moratorium-3-1 0.06 9 2 2 3 2 1 0 1 0 2 14 0 0 0 0 0 0 1 540 0 0 0 0 0 0 0 0 0 0
Zone 15-2 0.29 9 3 2 2 2 2 0 1 1] 3 72 0 0 0 0 0 0 0 0 1 1,100 0 0 0 0 1 0 0 0
Bucket Spur-3 0.71 9 3 2 2 2 9 5) 1 3 3 198 1 119 4 2,024 0 0 0 0 1 1,200 0 0 0 0 2 80 1 25
Smokehouse Road Loop 0.21 9 3 2 1 3 1 0 1 0 3 38 0 0 0 0 0 0 0 0 1 2,100 0 0 0 0 0 0 0 0
Mussel-2 0.13 9 2 2 2 3 2 0 1 1] 2 39 0 0 0 0 0 0 0 0 1 1,500 0 0 0 0 0 0 1 400,
Maple South 1.33 9 2 2 2 3 10 0 6 4 2 381 0 0 0 0 0 0 3 6,795 2 4,545 1 1,280 3 2,000 1 0 0 0
Wilbur-Head Hunter-1 0.59 9 3 3 2 1 4 1 1 2] 3 226 0 0 0 0 1 360, 1 525 0 0 0 0 1 250 1 50 0 0
Paragon 2.78] 9 2 3 2 2 23 7 8 8 2 1114 1 194 5 1,706 1 636 4 5,415 4 5,595 0 0 0 0 7 50 1 0
Maple Spur-2 0.07 9 2 1 3 3 2 0 1 1] 2 7 0 0 0 0 0 0 0 0 1 1,575 0 0 0 0 1 100 0 0
Smoke House Road 10.24 9 2 2 2 3 121 51 37 33 2 3168 18 18,134 28 26,037 5 3,205 5 13,080 22 37,050 9 7,798 6 2,000 17 1,250 10 0
Cougar Ridge-2 0.92 9 2 3 2 2 8 3 2 3 2 352] 1 2,310 2 924 0 0 0 0 1 2,400 1 2,500 1 500 0 0 2 30,
Bummer Lake Road-1 0.42 9 3 3 1 2 2 0 2 0 3 159 0 0 0 0 0 0 0 0 2 2,950 0 0 0 0 0 0 0 0
Low Divide-6 0.29 9 2 1 3 3 3 0 1 2] 2 40 0 0 0 0 0 0 0 0 1 1,050 0 0 1 3,500 1 150 0 0
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Table 12. cont.

Route
Road/Route Length

(km)
Sheepshed-4-1 0.23]
Zone 15-1 0.31
Westside Spur-1 0.14]
Rock Creek Road 20.76
J-T No. 1 Loop-2 0.16]
Ramp Spur 1.36
Martin Spur-2 0.28]
Low Divide-7 0.26
Rock Creek - Crossover Link 0.42
2nd Switchback o
2nd Switchback-1 1.92
Porcupine-1 0.21]
4th Switchback-2 0.21
Hound Dog Left 1.57
Hound Dog 0.85]
Hilton Spur-3 0.08]
Bear 1.59]
Powder House Right 2.34]
No Name-1
Airport Spur Loop-1-1 0.17|
48 Spur 1.34
Howards Spur 4.93
Idiot Knob-1 0.24
Jane Creek Road 5
Head Hunter-4 0.32
J-T No. 1 2.46]
Ordie X
Upper Visser-1 0.69]
Sec. 36-6 0.14
Sec. 5 Loop-1 0.54]
Bucket Spur 3.31
Crossover-2 0.15
Sec. 5-2 0.23
Wilbur Spur Loop .
Childs Hill Loop 1.01
Sheepshed-2 0.22]
Sheepshed-3 0.91]
Dry Lake-3
Violated Spur 3.16]
Sec. 5 Road 3.98
Sheepshed-6-1 0.22
Upper First Gulch-2 0.38]
Bucket Spur-2 0.17
Chipmunk Road 0.99]
West Branch-Porcupine Link
Childs Hill-6 0.23
Teran 5.62
Zone 15 2.21
Bucket Spur-3-1
Sheepshed-4 1.62
1st Switchback 1.005
Fish Hook
Cedar 1.933]
Visser Spur
Blowdown East-1-1 0.03
Cabin Spur 2.76]
Camp Spur 1.34
Sec. 1 Loop 0.66
Camp Spur-1 0.26]
Mule Trail-2 0.18
Rock Creek Road-9 0.92
Rock Creek Road-7 1.23]
East Side 0.95
Flashlite-1 0.25
Sec. 31-2 0.42
Blowdown East-1 0.15
Visser Spur-1A 1.05
West Branch Road-2 0.82
Jane Creek Road-1-1 0.13
Wilbur Spur-6 Inner Loop 0.16]
Childs Hill-3 1.52
Madrone-1 0.17
Madrone
J-T No. 1 Loop .
Childs Hill Road 23.06
J-T No. 1 Loop-1 0.26]
A-J Loop-1-2 0.31]
A-J Loop 1.46
Bummer Lake Road 7.402]
J-T No. 1-1 0.14]
Low Divide 3.64
Childs Hill-3-1-1-1 0.45

Mill Creek Addition Road Inventory and Assessment Report

Road Fills Crossings Landings Mass Wasting Sites
Final Road Route Risk Route Threat Site Risk Site Threat High Moderate  Moderate Low High Moderate  Moderate Low High Moderate  Moderate Low
Crossings Landings Volume Risk Volume Risk Volume Low Risk Risk Volume Risk Volume Risk Volume Low Risk Risk Volume Risk Volume Risk Risk Volume Low Risk Risk Volume
cubic meters cubic meters cubic meters cubic meters cubic meters cubic meters cubic meters cubic meters # cubic meters cubic meters

9 2 2 2 3 3 1 1 1] 2 43 0 0 1 820 0 0 0 0 1 1,500 0 0 0 0 0 0 1 0
9 3 3 1 2 1 0 1 0 3 113 0 0 0 0 0 0 0 0 0 0 1 1,200 0 0 0 0 0 0
9 1 2 3 3 2 0 2 0 1 33 0 0 0 0 0 0 1 3,120 0 0 1 800 0 0 0 0 0 0
8 2 3 1 2 96 34 14 2 8096 4 45,149 25 17,906 22 4,974 6 11,062 20 33,110 8 11,000, 5 1,250 7 300 2 0
8 2 2 1 3 0 1 0 2 48 0 0 0 0 0 0 0 0 1 1,688 0 0 0 0 0 0 0 0
8 2 2 2 2 6 4 0 2 303] 3 2,040 3 3,112 0 0 0 0 4 3,660 0 0 0 0 0 0 0 0
8 1 2 2 3 1 1 1] 1 73] 0 0 0 0 1 194 1 3,300 0 0 0 0 0 0 0 0 1 0
8 2 3 1 2 0 1 0 2 98| 0 0 0 0 0 0 0 0 1 1,350 0 0 0 0 0 0 0 0
8 3 2 2 1 2 0 1] 3 134 1 621 1 365 0 0 0 0 0 0 0 0 0 0 1 150 0 0
8 1 2 2 3 9 6 0 1 357| 1 434 6 6,543 2 584 0 0 3 4,575 3 4,410 0 0 0 0 0 0
8 2 3 1 2 13 5 0 2 684 1 400 11 5,589 1 260 0 0 2 3,172 3 2,940 0 0 0 0 0 0
8 2 2 1 3 0 2 0 2 52| 0 0 0 0 0 0 1 2,250 0 0 1 0 0 0 0 0 0 0
8 2 2 2 2 1 1 1] 2 55, 0 0 0 0 1 272 0 0 1 800 0 0 0 0 1 600 0 0
8 1 2 2 3 7 4 5] 1 440 4 10,208 1 621 2 848 0 0 4 7,805 0 0 0 0 8 1,625 1 40
8 2 2 2 2 2 2 2] 2 232] 2 2,841 0 0 0 0 0 0 2 2,790 0 0 1 250 1 5 0 0
8 3 1 3 1 1 0 0 3 8 1 107 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 2 2 1 3 7 5 0 2 315 2 2,680 4 1,946 1 418 1 2,700 2 4,800 2 3,500 0 0 0 0 0 0
8 1 2 2 3 14 12 4 1 766 4 5,806 6 3,885 B 1,152 4 5,635 6 13,424 2 1,910 0 0 2 100 2 0
8 3 3 1 1 3 0 2] 3 180 0 0 1 375 2 362 0 0 0 0 0 0 0 0 2 50 0 0
8 3 2 1 2 0 1 0 3 33 0 0 0 0 0 0 0 0 1 1,400 0 0 0 0 0 0 0 0
8 2 2 2 2 8 1 4 2 416 5 3,019 3 1,396 0 0 0 0 1 480 0 0 0 0 2 20 2 145
8 2 2 2 2 29 4 23 2 1286 10 7,553 16 4,679 2 341 0 0 4 5,970 0 0 4 1,500 11 1,190 8 900!
8 2 1 2 3 0 2 0 2 29 0 0 0 0 0 0 0 0 2 2,700 0 0 0 0 0 0 0 0
8 2 1 2 3 9 7 4 2 278| 3 2,985 3 795 3 508 4 6,800 2 5,025 1 600 1 500 2 200 1 0
8 2 2 2 2 0 2 1] 2 103 0 0 0 0 0 0 0 0 2 2,888 0 0 0 0 1 0 0 0
8 2 3 1 2 3 6 0 2 1259 0 0 2 1,810 1 207 0 0 5 10,815 1 600 0 0 0 0 0 0
8 2 2 2 2 1 7 3 2 385 0 0 1 307 0 0 4 9,098 2 3,150 1 1,200 0 0 1 375 2 600
8 1 2 2 3 5) 3 0 1 149 0 0 3 794 2 370, 1 2,400 1 2,000 1 1,350 0 0 0 0 0 0
8 2 1 2 3 0 1 0 2 24 0 0 0 0 0 0 1 1,500 0 0 0 0 0 0 0 0 0 0
8 2 2 1 3 0 4 0 2 172 0 0 0 0 0 0 1 2,160 1 2,550 2 2,525 0 0 0 0 0 0
8 2 2 2 2 15 4 11 2 1066 9 1,726 4 2,633 2 218 1 1,800 3 3,800 0 0 0 0 5 370 6 95
8 3 1 2 2 0 1 1] 3 21 0 0 0 0 0 0 0 0 0 0 1 960 0 0 1 0 0 0
8 2 3 1 2 0 1 0 2 88 0 0 0 0 0 0 0 0 0 0 1 1,200 0 0 0 0 0 0
8 2 2 2 2 5) 3 3 2 268| 2 1,443 2 502 1 77 1 1,500 2 2,700 0 0 1 500 1 10 1 0
8 3 2 1 2 2 2 2] 3 336 1 880 0 0 1 442 2 3,750 0 0 0 0 0 0 2 125 0 0
8 2 2 2 2 0 1 2] 2 44 0 0 0 0 0 0 1 1,200 0 0 0 0 0 0 0 0 2 0
8 2 2 2 2 5 3 2] 2 218| 1 407 4 1,249 0 0 0 0 0 0 3 2,880 1 0 0 0 1 50,
8 3 3 1 1 0 2 2] 3 210| 0 0 0 0 0 0 1 488 1 270 0 0 0 0 0 0 2 0
8 2 2 2 2 17 12 5] 2 904 1 156 10 2,524 6 975 0 0 11 16,570 1 910 1 750 5 270 0 0
8 2 2 2 2 22 6 15 2 949 8 3,808 9 3,042 3 496 1 3,150 4 5,910 1 720 1 250 6 340 9 225
8 2 2 1 3 1 1 0 2 72 0 0 0 0 1 156 0 0 1 2,100 0 0 0 0 0 0 0 0
8 1 2 2 3 0 3 1] 1 81 0 0 0 0 0 0 0 0 1 2,250 2 1,450 0 0 1 175 0 0
8 3 2 1 2 0 1 1] 3 43 0 0 0 0 0 0 0 0 0 0 1 1,600 0 0 0 0 1 0
8 2 2 2 2 7 1 6] 2 318| 0 0 4 3,007 2 830, 0 0 1 1,155 0 0 1 250 ) 409 0 0
8 2 2 2 2 1 1 2] 2 76 0 0 1 305 0 0 0 0 1 1,800 0 0 0 0 2 90 0 0
8 2 2 1 3 0 1 0 2 48 0 0 0 0 0 0 0 0 1 4,000 0 0 0 0 0 0 0 0
8 2 2 2 2 24 17 13 2 1449 7 12,398 16 11,354 1 584 2 3,480 9 12,285 6 4,895 0 0 6 210 7 95
8 2 2 2 2 5) 7 7 2 428 0 0 4 1,197 0 0 6 8,588 1 1,500 0 0 3 1,500 4 65 0 0
8 2 2 2 2 4 1 1] 2 112 1 284 3 1,690 0 0 0 0 0 0 1 1,200 0 0 1 40 0 0
8 2 2 2 2 7 5 3 2 420 1 381 6 3,608 0 0 0 0 3 4,650 2 2,295 0 0 2 25 1 50,
8 2 2 2 2 4 4 3 2 277| 1 356 3 1,352 0 0 0 0 2 1,500 2 600 0 0 2 35 1 50,
8 1 3 2 2 0 3 4 1 370 0 0 0 0 0 0 1 2,025 2 3,453 0 0 3 3,750 0 0 1 0
8 2 2 2 2 8 7 7 2 413 6 4,974 1 558 1 331 3 4,530 3 3,172 1 405 0 0 2 10 5 20,
8 1 3 2 2 24 13 9 1 1824 6 2,777 9 4,990 9 2,486 B 6,150 9 16,035 1 2,000 3 6,000 6 770 0 0
8 2 0 3 3 0 1 0 2 0 0 0 0 0 0 0 1 2,400 0 0 0 0 0 0 0 0 0 0
8 2 2 2 2 11 9 5] 2 706 3 2,458 7 4,098 1 84 4 7,350 4 6,450 1 1,100 0 0 1 0 4 70,
8 2 2 1 3 9 4 0 2 412 0 0 5 2,214 4 1,498 0 0 4 12,712 0 0 0 0 0 0 0 0
8 2 2 1 3 0 4 0 2 180 0 0 0 0 0 0 1 2,400 2 2,900 1 1,300 0 0 0 0 0 0
8 2 2 2 2 2 1 0 2 60 0 0 1 236 1 206 0 0 1 1,200 0 0 0 0 0 0 0 0
8 2 2 1 3 1 0 1 0 2 40 0 0 0 0 0 0 0 0 1 2,000 0 0 0 0 0 0 0 0
8 2 2 2 2 9 3 4 2] 2 199 0 0 2 822 0 0 2 4,050 2 3,525 0 0 0 0 1 250 1 350,
8 2 2 2 2 12 6 2 4 2 364 4 2,802 1 510 0 0 0 0 1 1,350 1 650 1 750 B 405 0 0
8 1 2 2 3 6 3 1 2] 1 306 2 7,493 1 258 0 0 0 0 0 0 1 690 1 3,500 1 0 0 0
8 2 2 2 2 3 0 1 2] 2 72 0 0 0 0 0 0 0 0 1 1,980 0 0 0 0 2 85 0 0
8 3 2 1 2 1 0 1 0 3 102 0 0 0 0 0 0 1 1,500 0 0 0 0 0 0 0 0 0 0
8 2 1 2 3 1 0 1 0 2 16| 0 0 0 0 0 0 1 3,000 0 0 0 0 0 0 0 0 0 0
8 2 2 2 2 8 2 2 4 2 209 2 908 0 0 0 0 1 1,800 1 1,500 0 0 3 3,000 1 175 0 0
8 2 2 2 2 6 4 0 2] 2 262 4 2,239 0 0 0 0 0 0 0 0 0 0 1 250 1 50 0 0
7 2 2 1 2 1 0 1 0 2 35 0 0 0 0 0 0 0 0 1 1,238 0 0 0 0 0 0 0 0
7 3 1 1 2 1 0 1 0 3 4 0 0 0 0 0 0 0 0 1 1,500 0 0 0 0 0 0 0 0
7 2 2 1 2 8 3 4 1] 2 526 0 0 0 0 3 502 2 2,300 2 2,650 0 0 0 0 0 0 1 50,
7 2 2 1 2 1 0 1 0 2 47 0 0 0 0 0 0 0 0 0 0 1 960 0 0 0 0 0 0
7 1 2 2 2 7 1 6 0 1 196 0 0 1 288 0 0 0 0 3 4,000 3 2,670 0 0 0 0 0 0
7 2 2 1 2 7 1 3 3 2 549 1 297 0 0 0 0 0 0 2 3,430 1 1,200 0 0 3 40 0 0
7 2 2 1 2 86 25 30, 2 7121 37 36,909 38 18,238 6 1,170 11 21,462 11 22,075 3 3,100 3 2,000 14 375 13 20,
7 2 2 1 2 0 1 0 2 52| 0 0 0 0 0 0 1 1,688 0 0 0 0 0 0 0 0 0 0
7 3 2 1 1 1 1 0 3 66 0 0 1 51 0 0 0 0 0 0 1 800 0 0 0 0 0 0
7 1 2 1 3 5 5 1 1 323 1 974 3 6,466 1 480 1 1,287 1 750 3 4,164 0 0 0 0 1 550
7 2 1 2 2 30 20 13 2 1295 9 7,042 19 18,618 2 857, 11 19,576 7 15,122 2 1,480 6 1,750 6 2,595 2 1,230]
7 2 1 2 2 0 1 0 2 18| 0 0 0 0 0 0 1 1,200 0 0 0 0 0 0 0 0 0 0
7 2 2 1 2 15 7 8 2 949 0 0 11 4,792 3 954 1 2,250 5 7,200 1 600 0 0 3 200 6 230,
7 2 3 1 1 0 0 1] 2 175 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 25 0 0
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Table 12. cont.

Road Fills Crossings Landings Mass Wasting Sites
Route Final Road Route Risk Route Threat Site Risk Site Threat | Total Number Total Total  Total Mass High High Moderate  Moderate Low High High Moderate  Moderate Low High High Moderate  Moderate Low

Road/Route Length Rank Rank Rank Rank Rank of Sites Crossings Landings  Wasting Risk Volume Risk  Risk Volume Risk Risk Volume Low Risk Risk Volume | Risk  Risk Volume Risk Risk Volume Low Risk Risk Volume | Risk  Risk Volume Risk Risk Volume Low Risk Risk Volume
(km) (1-12) (1-3) (1-3) (1-3) (1-3) (#) (#) (#) (#) 1-3 cubic meters # cubic meters # cubic meters # cubic meters # cubic meters # cubic meters # cubic meters # cubic meters # cubic meters # cubic meters
Cougar Ridge-1 0.18 7 2 1 1 3 2 1 1 0 2 20| 0 0 1 171 0 0 0 0 0 0 1 1,950 0 0 0 0 0 0
Low Divide-1 0.24 7 3 3 1 0 1 0 0 1] 3 96 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
Low Divide-2 1.32 7 2 2 1 2 11 3 4 4 2 368| 0 0 3 1,402 0 0 3 4,830 1 1,800 0 0 0 0 2 350 2 0
A-J 1.68 7 2 2 1 2 14 9 2 3 2 523] 0 0 8 4,692 1 146 1 840 0 0 1 660 0 0 2 900 1 250,
Cushing Spur 0.99 7 2 2 1 2 5 3 2 0 2 232] 0 0 0 0 3 603 0 0 2 3,000 0 0 0 0 0 0 0 0
Go Back-1 0.38 7 3 2 1 1 2 0 2 0 3 88 0 0 0 0 0 0 1 810 0 0 1 300 0 0 0 0 0 0
Biltmore Spur-1 0.16 7 2 1 2 2 2 0 1 1] 2 8 0 0 0 0 0 0 0 0 1 500 0 0 0 0 1 1,000 0 0
Export Spur-3 0.15 7 2 1 2 2 2 1 1 0 2 26 0 0 0 0 1 50, 0 0 1 1,400 0 0 0 0 0 0 0 0
Biltmore Spur 1.62 7 2 2 1 2 13 2 7 4 2 449 0 0 1 195 1 121 0 0 1 500 6 2,724 0 0 3 1,040 1 350,
Bense Trail-2 0.32 7 2 2 1 2 2 0 2 0 2 91| 0 0 0 0 0 0 0 0 0 0 2 1,425 0 0 0 0 0 0
Bense Trail-1 0.22 7 2 2 1 2 1 0 1 0 2 72 0 0 0 0 0 0 0 0 1 1,395 0 0 0 0 0 0 0 0
Head Hunter-2 0.56 7 2 2 1 2 4 1 2 1] 2 145 0 0 0 0 1 86, 1 2,625 0 0 1 960 1 750 0 0 0 0
Head Hunter-3 0.95 7 2 2 1 2 6 4 1 1] 2 234 0 0 3 1,163 1 97, 0 0 1 2,100 0 0 1 250 0 0 0 0
End Haul-2 0.27 7 3 1 2 1 2 1 0 1] 3 32 0 0 0 0 1 160 0 0 0 0 0 0 1 250 0 0 0 0
Ear Spur 1.39 7 1 2 2 2 10 2 3 5] 1 334 2 466 0 0 0 0 1 1,080 1 1,462 1 1,200 1 250 3 0 1 0
Dry Lake-4 0.08 7 2 2 1 2 1 0 1 0 2 16| 0 0 0 0 0 0 0 0 0 0 1 450 0 0 0 0 0 0
Dry Lake-2-1 0.18 7 2 2 1 2 1 0 1 0 2 36 0 0 0 0 0 0 0 0 1 1,210 0 0 0 0 0 0 0 0
Chipmunk Spur-1 0.65 7 2 3 1 1 5) 2 1 2] 2 239 0 0 1 347 1 394 0 0 0 0 1 800 0 0 2 195 0 0
Cushing-1 0.18 7 2 2 1 2 1 0 1 0 2 38 0 0 0 0 0 0 0 0 0 0 1 1,000 0 0 0 0 0 0
Idiot Knob 0.46 7 2 2 1 2 2 0 2 0 2 98| 0 0 0 0 0 0 1 1,950 1 1,350 0 0 0 0 0 0 0 0
Cull Spur-1 0.34 7 2 2 1 2 1 0 1 0 2 66 0 0 0 0 0 0 0 0 1 2,250 0 0 0 0 0 0 0 0
Hound Dog Right 1.01 7 2 2 1 2 5) 0 3 2] 2 182 0 0 0 0 0 0 1 1,540 2 3,840 0 0 0 0 0 0 2 450,
Howards Spur-Childs Hill Loop-1 0.15 7 2 2 1 2 1 0 1 0 2 31 0 0 0 0 0 0 0 0 1 800 0 0 0 0 0 0 0 0

Cougar Ridge-3 0.55 7 2 3 1 1 3 1 1 1] 2 209 1 448 0 0 0 0 0 0 1 540 0 0 0 0 0 0 1
Blowdown 2.67 7 2 2 1 2 16 7 4 5] 2 898| 3 4,485 1 197 3 1,092 1 1,500 3 4,500 0 0 2 5,000 1 150 2 200,
Cougar Ridge Road 5.98 7 2 2 1 2 34 15 10 9 2 1177 2 1,698 11 3,051 2 3,731 8 8,300 5 8,700 2 2,200 0 0 4 45 5 180
First Gulch 2.56 7 1 2 2 2 26 15 7 4 1 597| 5 5,222 9 4,658 1 201 0 0 3 5,800 4 5,260 1 250 1 100 2 0
Bucket Spur-1-1 0.29 7 2 1 2 2 5) 2 2 1] 2 46 1 134 1 263 0 0 0 0 0 0 2 1,800 0 0 0 0 1 0
A-J-2-1 0.12 7 3 1 1 2 1 0 1 0 3 19 0 0 0 0 0 0 0 0 0 0 1 450 0 0 0 0 0 0
A-J-2 0.38 7 3 2 1 1 2 2 0 0 3 90 0 0 1 720 1 80, 0 0 0 0 0 0 0 0 0 0 0 0
Childs Hill-A-J Link 0.44 7 3 2 1 1 1 0 0 1] 3 99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 100
Hunter Fire-2 0.46 7 1 2 2 2 5) 2 1 2] 1 93| 0 0 2 427 0 0 1 1,800 0 0 0 0 0 0 0 0 2 800,
Childs Hill-4-1 0.27 7 2 1 2 2 2 1 0 1] 2 27 0 0 1 504 0 0 0 0 0 0 0 0 1 1,500 0 0 0 0
BoyScout 1.69 7 2 2 1 2 13 5) 4 4 2 400 0 0 1 668 4 1,646 1 2,250 3 5,655 0 0 0 0 B 200 1 0
Ray Smith Road 2.75 7 2 2 1 2 24 11 8 5] 2 795 1 872 6 1,818 4 1,210 1 2,100 2 2,610 5 4,015 0 0 3 165 2 25
Wilbur Spur-5-1 0.21 7 3 1 1 2 2 0 1 1] 3 23| 0 0 0 0 0 0 0 0 1 1,800 0 0 0 0 0 0 1 0
1/2 Mile Spur 0.95 7 2 2 1 2 3 1 2 0 2 234 0 0 1 180 0 0 0 0 1 1,500 1 1,600 0 0 0 0 0 0
1st Switchback-1 0.56 7 2 2 1 2 4 1 1 2] 2 176 0 0 1 108 0 0 0 0 1 2,700 0 0 0 0 2 400 0 0
Sec. 1-1E03 Road 0.49 7 3 2 1 1 3 3 0 0 3 96 1 211 2 530 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sec. 1-1 1.85 7 2 2 1 2 15 11 3 1] 2 520 0 0 3 1,900 8 1,892 0 0 2 2,700 1 1,200 0 0 1 30 0 0
Sec. 1 Road 7.566 7 2 2 1 2 59 42 7 10 2 2159 6 3,914 14 8,071 22 7,176 0 0 3 3,660 4 4,305 5 2,250 4 225 1 0
Rocky Point Road 2.58 7 2 2 1 2 21 16 4 1] 2 705 0 0 5) 2,678 11 3,872 0 0 2 2,925 2 1,360 0 0 1 30 0 0
P-J Spur 3.88] 7 2 2 1 2 33 13 13 7 2 706 4 1,581 4 1,153 5 1,038 5 12,450 5 11,425 3 5,250 0 0 1 0 6 50
1st Switchback-2-1 0.3] 7 2 2 1 2 2 0 2 0 2 61 0 0 0 0 0 0 0 0 1 1,800 1 600 0 0 0 0 0 0
Sec. 5 Road-Extension Link 1.41 7 2 2 1 2 7 4 3 0 2 321 1 600 3 794 0 0 1 1,800 1 1,000 1 880 0 0 0 0 0 0
Rattlesnake 0.83 7 1 2 2 2 11 6 3 2] 1 217| 0 0 5) 927 1 102 0 0 2 2,200 1 750 0 0 1 50 1 1,000
Prospect 0.7 7 3 2 1 1 2 1 0 1] 3 235 0 0 1 808 0 0 0 0 0 0 0 0 0 0 1 90 0 0
3rd Switchback 0.87 7 1 2 2 2 12 6 2 4 1 158 2 1,196 2 601 1 250 0 0 2 4,748 0 0 1 250 0 0 2 1,450
P-Line-Martin Spur Link 1.48 7 2 2 1 2 9 4 4 1] 2 268| 1 274 2 3,153 1 60, 0 0 4 6,300 0 0 0 0 0 0 1 0
P-Line 3.96 7 2 2 1 2 25 13 9 3 2 1157 2 6,251 10 6,706 1 20, 1 1,800 6 12,300 2 2,625 0 0 1 2,000 2 10
P-J-B&B Spur Link 0.34 7 3 2 1 1 1 1 0 0 3 70, 1 102 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P-J Spur-1 0.25 7 3 1 1 2 2 1 1 0 3 40 0 0 1 231 0 0 0 0 0 0 1 1,000 0 0 0 0 0 0
Rock Creek Road-6 0.64 7 1 2 2 2 7 4 2 1] 1 195 1 1,116 2 308 1 325 1 1,200 0 0 1 750 0 0 1 300 0 0
Yellow Jacket 1.4 7 2 2 1 2 11 7 3 1 2 447 1 243 3 1,414 3 598 1 1,950 0 0 2 1,400 0 0 1 25 0 0
West Branch Road-5 0.24 7 2 2 1 2 3 1 1 1] 2 50, 0 0 1 104 0 0 0 0 0 0 1 1,200 0 0 0 0 1 0
Wilbur Spur-7-1 0.1 7 2 1 1 3 1 0 1 0 2 4 0 0 0 0 0 0 0 0 0 0 1 1,100 0 0 0 0 0 0
West Branch Road-3 0.82 7 1 1 2 3 8 4 4 0 1 140 1 482 1 120 2 270 2 2,580 2 5,100 0 0 0 0 0 0 0 0
Wilson Creek Road 4.02] 7 2 2 1 2 22 11 4 7 2 1206 6 7,774 4 3,142 1 359 2 3,000 0 0 2 2,300 1 750 B 850 B 400,
Violated Spur-1 0.16 7 2 1 1 3 1 0 1 0 2 26 0 0 0 0 0 0 0 0 1 1,620 0 0 0 0 0 0 0 0
Upper Visser 1.76 7 2 2 1 2 6 0 4 2] 2 386 0 0 0 0 0 0 1 1,012 2 3,150 1 1,080 0 0 2 175 0 0
Upper First Gulch 5.223 7 2 2 1 2 32 10 12 10 2 1310 7 5,686 2 829 1 425 1 1,170 8 11,635 3 3,690 1 0 8 465 1 50,
Wilbur Spur-3 0.33 7 2 2 1 2 3 0 3 0 2 84 0 0 0 0 0 0 0 0 1 1,170 2 1,200 0 0 0 0 0 0
Timberline-Jeep Road Link 1.29 7 3 2 1 1 6 4 1 1] 3 409 4 380 0 0 0 0 0 0 1 900 0 0 1 250 0 0 0 0
Sec. 5 Extension-1-1 0.29 7 2 2 2 1 3 0 1 2] 2 70| 0 0 0 0 0 0 0 0 1 600 0 0 0 0 1 1 0
SW-40 0.79 7 2 3 1 1 3 0 1 2] 2 350 0 0 0 0 0 0 0 0 0 0 1 800 0 0 1 0 1 0
Stringer Gap 1.31 7 2 2 1 2 8 3 3 2] 2 293] 1 374 1 112 1 205 3 8,550 0 0 0 0 0 0 1 200 1 0
Smoke House-4 0.29 7 2 2 1 2 4 2 1 1] 2 91 0 0 0 0 2 431 0 0 1 650 0 0 0 0 0 0 1 100
Smoke House-1 0.26 7 2 2 1 2 2 0 1 1] 2 64 0 0 0 0 0 0 0 0 1 1,950 0 0 0 0 0 0 1 0
Wilbur Spur 4.99| 7 2 2 1 2 27 21 6 0 2 984 3 2,618 9 2,305 9 783 2 3,000 3 5,550 1 750 0 0 0 0 0 0
Wilbur Spur-2 0.63 7 2 2 1 2 6 3 3 0 2 176 0 0 2 586 1 155 0 0 1 900 2 2,000 0 0 0 0 0 0
Sec. 5 Road-Extension Link-2 0.32 7 2 2 1 2 2 1 1 0 2 96 0 0 0 0 1 594 0 0 0 0 1 990 0 0 0 0 0 0
Rock Creek Loop 0.4] 7 2 2 1 2 4 2 1 1] 2 104 0 0 1 630 1 250 0 0 1 1,650 0 0 0 0 1 25 0 0
Turwar 2.38 7 1 2 2 2 19 9 4 6] 1 479 4 3,002 5 2,374 0 0 1 1,200 3 3,240 0 0 1 1,500 2 1,000 3 600
Martin Spur-1A 0.62 7 2 2 1 2 2 0 2 0 2 168 0 0 0 0 0 0 0 0 2 3,300 0 0 0 0 0 0 0 0
Mule Trail 1.79 7 2 2 1 2 12 6 3 3 2 395 0 0 4 2,647 2 898 2 6,300 0 0 0 0 1 750 1 0 1 0
Mountain Lion 1.04 7 2 2 1 2 5) 3 2 0 2 310) 0 0 2 1,010 1 524 0 0 0 0 2 2,400 0 0 0 0 0 0
Moratorium-3 0.55 7 2 2 1 2 4 1 2 1] 2 107 0 0 1 714 0 0 0 0 0 0 2 1,300 0 0 0 0 1 40
Mule Trail-1A 0.27 7 2 1 2 2 3 0 1 2] 2 40 0 0 0 0 0 0 0 0 0 0 1 1,275 0 0 2 35 0 0
Martin Spur-1 1.78 7 2 2 1 2 11 4 4 3 2 468 2 630 2 772 0 0 0 0 3 4,500 1 0 0 0 1 0 2 0
Bucket Spur-5 0.31 7 2 2 1 2 2 0 1 1] 2 92| 0 0 0 0 0 0 0 0 1 3,000 0 0 0 0 0 0 1 0
Mule Trail-1A-1 0.27 7 2 2 1 2 1 0 1 0 2 64 0 0 0 0 0 0 0 0 1 2,100 0 0 0 0 0 0 0 0
Martin Spur 2.79 7 2 2 1 2 16 8 6 2] 2 597| 3 9,297 4 3,540 1 1,917] 0 0 5 9,030 1 1,365 0 0 2 0 0 0
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Table 12. cont.

Road/Route

Maple Spur-1

Old Lady

Park Spur

Cougar Ridge-1A
Crossover

Cull Spur

Lower Spur Road
Sec. 5 Road-Extension Link-2-A
Madrone-2
Moratorium-1
Mountain Lion-1
Smoke House-3A
Sec. 5 Loop

Wilbur Spur-7

Sec. 5 Extension-1
Dry Lake-2.5

Sec. 5 Extension
Rock Creek Road-4
Wilbur Spur-4

Sec. 5 Road-Extension Link-1
West Branch Road
Upper First Gulch-1
Martin Ext.

Turwar West

Low Divide-5

Martin Ext.-1

Wilson Creek Spur
West-East Link-1
Teran-1-1

West Branch Road-Westside Spur Link
Dry Lake-5

Main Road

Park Spur-1-A
Moratorium

Smoke House-3A-1
Maple Spur

Smoke House-2
Childs Hill-4

Bear Grass Road
Sec. 36

Airport Spur-2

Head Hunter Loop-1
Bense Trail
Rattlesnake-1
Powder House Left
Porcupine
Blowdown East
Heat Spur-2

A-J-1

4th Switchback Loop
Mussel-1-A

No Name

P-J Spur-3

B&B Spur-1-1
Airport Road
Howards Spur-Childs Hill Loop
Park Spur-2

Airport Road-1

Jane Creek Road-1-2
Mud Spur-2

Sec. 31-1

West Branch Road-Park Spur Link-1-2
Sec. 1-4

End Haul-1
Blowdown-1

Jeep Road

2nd Switchback-1-1
Rocky Point-1

Rock Creek-Jeep North Link-1
Rock Creek Road-5
Airport Spur

Airport Spur Loop-1
B&B Spur-1
West-East Link-1-1
Airport Spur Loop-1-2
Airport Road-1-1
Airport Spur Loop-2
4th Switchback-1
Bucket Spur-1
\Wilbur Spur Loop-1
Airport Spur Loop
2nd Switchback-2

Mill Creek Addition Road Inventory and Assessment Report

Road Fills Crossings Landings Mass Wasting Sites
Final Road Route Risk Route Threat Site Risk Site Threat High Moderate  Moderate Low High Moderate  Moderate Low High Moderate  Moderate
Crossings Landings Volume Risk Volume Risk Volume Low Risk Risk Volume Risk Volume Risk Volume Low Risk Risk Volume Risk Volume Risk Risk Volume Low Risk Risk Volume
cubic meters cubic meters cubic meters cubic meters cubic meters cubic meters cubic meters cubic meters # cubic meters cubic meters
7 2 1 1 3 0 1 0 2 16 0 0 0 0 0 0 0 0 0 0 1 1,360 0 0 0 0 0 0
7 2 1 2 2 8 4 5] 2 280 1 342 6 2,551 1 278 0 0 3 3,675 1 945 0 0 B 80 2 35
7 2 2 1 2 3 7 6] 2 1075 8 10,245 10 6,522 5 1,816 0 0 5 8,985 2 2,210 1 250 2 0 3 25
6 3 1 1 1 1 2 1] 3 84 0 0 1 225 0 0 0 0 2 1,420 0 0 0 0 0 0 2 0
6 2 2 1 1 24 0 5] 2 929 5 4,786 13 7,258 5 873 0 0 0 0 0 0 1 250 2 25 2 15
6 1 2 1 2 3 4 5] 1 486 1 476 2 1,207 0 0 0 0 2 3,300 2 2,640 0 0 Bl 25 2 0
6 1 2 1 2 10 7 3 1 746 2 4,820 5 4,665 3 1,780 0 0 6 7,230 1 500 0 0 1 50 2 75
6 1 1 1 3 0 2 0 1 25, 0 0 0 0 0 0 0 0 0 0 2 1,650 0 0 0 0 0 0
6 2 1 1 2 1 0 1 0 2 14 0 0 0 0 0 0 0 0 0 0 1 770) 0 0 0 0 0 0
6 3 1 2 0 3 0 0 3 3 27| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 B 0
6 2 2 1 1 2 2 0 0 2 73] 0 0 1 377 1 94 0 0 0 0 0 0 0 0 0 0 0 0
6 2 2 1 1 2 0 1 1] 2 102 0 0 0 0 0 0 0 0 1 900 0 0 0 0 0 0 1 4
6 2 2 1 1 6 5 1 0 2 414 1 549 2 1,272 2 771 0 0 0 0 1 1,530 0 0 0 0 0 0
6 2 1 1 2 3 0 2 1] 2 76 0 0 0 0 0 0 0 0 1 2,400 1 1,200 0 0 1 0 0 0
6 2 2 1 1 4 2 1 1] 2 126 0 0 2 234 0 0 0 0 0 0 1 450 0 0 0 0 1 0
6 2 2 2 0 1 0 0 1] 2 29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
6 1 2 1 2 9 5 4 0 1 349 0 0 2 279 3 453 0 0 3 6,975 1 1,000 0 0 0 0 0 0
6 1 2 1 2 4 2 1 1] 1 97| 0 0 0 0 2 494 0 0 1 1,800 0 0 0 0 1 0 0
6 2 2 1 1 2 1 0 1] 2 129 0 0 0 0 1 60, 0 0 0 0 0 0 1 250 0 0 0 0
6 1 2 1 2 3 1 2 0 1 129 0 0 1 256 0 0 1 900 0 0 1 720 0 0 0 0 0 0
6 1 2 1 2 92 47 15 0 1 5039 31 25,550 11 8,461 1 432 5 11,025 10 18,600 0 0 0 0 19 1,463 12 423
6 1 2 1 2 3 0 2 1] 1 151 0 0 0 0 0 0 0 0 0 0 2 2,900 0 0 0 0 1 25
6 2 2 1 1 7 2 0 5] 2 197 2 1,414 0 0 0 0 0 0 0 0 0 0 1 250 3 35 1 25
6 2 1 1 2 5 10 3 2] 2 253] 1 69 5) 1,207 4 1,486 1 1,200 1 1,100 1 800 0 0 0 0 2 800,
6 2 1 1 2 2 0 1 1] 2 35 0 0 0 0 0 0 0 0 1 1,350 0 0 0 0 0 0 1 0
6 2 1 1 2 1 0 1 0 2 58| 0 0 0 0 0 0 1 2,625 0 0 0 0 0 0 0 0 0 0
6 1 2 1 2 9 5 1 3 1 377 1 365 2 458 2 455 0 0 1 1,500 0 0 1 1,500 1 50 1 5
6 2 2 1 1 1 1 0 0 2 5 0 0 1 240 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 1 1 2 2 9 4 4 1] 1 98| 0 0 3 316 1 163 0 0 1 600 3 1,250 0 0 0 0 1 5
6 2 2 1 1 5) 3 0 2] 2 315 2 790 1 168 0 0 0 0 0 0 0 0 0 0 2 320 0 0
6 2 1 2 1 1 0 1 0 2 17| 0 0 0 0 0 0 1 375 0 0 0 0 0 0 0 0 0 0
6 2 1 1 2 5) 2 2 1] 2 121 0 0 3 1,150 0 0 0 0 0 0 2 1,388 0 0 1 0 0 0
6 2 2 1 1 3 2 0 1] 2 139 0 0 2 337 0 0 0 0 0 0 0 0 0 0 1 60 0 0
6 2 2 1 1 15 3 2 10 2 353] 1 244 1 924 1 305, 1 2,025 0 0 1 180 0 0 ) 625 o) 115
6 2 1 1 2 1 0 1 0 2 16 0 0 0 0 0 0 0 0 1 680 0 0 0 0 0 0 0 0
6 2 2 1 1 3 0 3 0 2 407 0 0 0 0 0 0 0 0 1 900 2 2,000 0 0 0 0 0 0
6 2 2 1 1 1 1 0 0 2 58| 1 216 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 2 1 1 2 6 2 2 2] 2 176 0 0 1 932 1 211 0 0 0 0 2 2,655 0 0 1 1,000 1 300!
6 1 2 1 2 6 4 2 0 1 156 0 0 4 502 0 0 0 0 2 2,550 0 0 0 0 0 0 0 0
6 1 2 1 2 23 11 10 2] 1 1122 7 4,781 3 356 1 160 2 1,800 4 4,140 4 2,840 0 0 2 0 0 0
6 2 2 1 1 6 3 0 3 2 201 1 897 1 403 1 146 0 0 0 0 0 0 0 0 1 50 2 40
6 2 1 1 2 1 0 1 0 2 10| 0 0 0 0 0 0 0 0 1 800 0 0 0 0 0 0 0 0
6 1 2 1 2 9 1 8 0 1 527| 0 0 1 58 0 0 0 0 1 3,218 7 7,212 0 0 0 0 0 0
6 2 2 1 1 4 3 0 1] 2 140 0 0 3 650 0 0 0 0 0 0 0 0 0 0 0 0 1 600
6 1 2 1 2 12 3 7 2] 1 574 0 0 1 0 2 704 0 0 5 6,578 2 1,435 0 0 0 0 2 45
6 2 2 1 1 2 0 1 1] 2 184 0 0 0 0 0 0 1 1,500 0 0 0 0 0 0 0 0 1 5
6 1 2 1 2 9 3 4 2] 1 410 1 602 1 438 1 934 0 0 1 1,500 3 1,748 0 0 2 18 0 0
6 2 1 1 2 1 0 1 0 2 13| 0 0 0 0 0 0 1 1,755 0 0 0 0 0 0 0 0 0 0
6 2 2 1 1 3 2 1 0 2 68| 0 0 2 288 0 0 0 0 0 0 1 500 0 0 0 0 0 0
6 2 2 1 1 16 11 0 5] 2 644 1 13 10 2,738 0 0 0 0 0 0 0 0 0 0 ) 135 0 0
6 2 1 1 2 1 0 1 0 2 1 0 0 0 0 0 0 0 0 0 0 1 1,000 0 0 0 0 0 0
6 2 2 1 1 9 8 1 0 2 647| 1 458 4 1,766 3 1,006 0 0 1 2,400 0 0 0 0 0 0 0 0
6 2 2 1 1 1 0 1 0 2 63| 0 0 0 0 0 0 0 0 0 0 1 750 0 0 0 0 0 0
6 2 1 1 2 1 0 1 0 2 62| 0 0 0 0 0 0 0 0 1 2,700 0 0 0 0 0 0 0 0
6 2 2 1 1 9 5 2 2] 2 925 1 1,072 3 2,044 1 179 0 0 2 2,850 0 0 2 1,000 0 0 0 0
6 1 2 1 2 3 0 2 1] 1 128 0 0 0 0 0 0 0 0 2 2,875 0 0 0 0 0 0 1 0
6 3 3 0 0 0 0 0 0 3 82 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 2 2 1 1 1 0 1 0 2 95, 0 0 0 0 0 0 0 0 0 0 1 960 0 0 0 0 0 0
6 1 2 1 2 1 0 1 0 1 47 0 0 0 0 0 0 0 0 1 1,800 0 0 0 0 0 0 0 0
6 1 2 1 2 1 0 1 0 1 32 0 0 0 0 0 0 0 0 1 780 0 0 0 0 0 0 0 0
6 3 3 0 0 0 0 0 0 3 155 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 1 2 1 2 1 0 1 0 1 142 0 0 0 0 0 0 1 2,100 0 0 0 0 0 0 0 0 0 0
6 1 2 1 2 3 1 2 0 1 113 0 0 1 102 0 0 0 0 2 3,712 0 0 0 0 0 0 0 0
6 1 2 1 2 4 0 2 2] 1 122 0 0 0 0 0 0 1 760 0 0 1 1,000 0 0 1 250 1 100
6 2 1 1 2 1 0 1 0 2 40 0 0 0 0 0 0 0 0 1 1,800 0 0 0 0 0 0 0 0
6 2 1 1 2 15 6 7 2] 2 275 0 0 3 538 3 547 2 1,950 4 3,798 1 1,000 0 0 0 0 2
6 2 1 1 2 1 0 1 0 2 3 0 0 0 0 0 0 0 0 1 1,200 0 0 0 0 0 0 0 0
6 2 2 1 1 2 2 0 0 2 149 0 0 1 255 1 768 0 0 0 0 0 0 0 0 0 0 0 0
6 3 1 1 1 1 0 1 0 3 27 0 0 0 0 0 0 1 750 0 0 0 0 0 0 0 0 0 0
6 3 3 0 0 0 0 0 0 3 48 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 2 1 1 2 18 9 6 3 2 444 1 310 5 4,543 3 498 0 0 2 3,570 4 4,140 0 0 1 50 2 0
5) 2 1 1 1 3 1 2 0 2 111 0 0 1 110 0 0 0 0 2 1,800 0 0 0 0 0 0 0 0
5 1 2 1 1 5 3 2 0 1 219 1 410 2 368 0 0 0 0 0 0 2 900 0 0 0 0 0 0
5) 3 2 0 0 0 0 0 0 3 13| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 2 3 0 0 0 0 0 0 2 137 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5) 3 2 0 0 0 0 0 0 3 36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 2 1 1 1 1 1 0 0 2 26 0 0 0 0 1 130 0 0 0 0 0 0 0 0 0 0 0 0
5) 1 1 2 1 1 1 0 0 1 19 1 168 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 1 2 1 1 2 0 1 1] 1 213] 0 0 0 0 0 0 0 0 1 1,800 0 0 0 0 0 0 1 35
5) 2 1 1 1 1 0 1 0 2 11 0 0 0 0 0 0 1 450 0 0 0 0 0 0 0 0 0 0
5 2 1 1 1 8 6 2 0 2 154 0 0 1 50 5 410 0 0 1 1,400 1 1,000 0 0 0 0 0 0
5) 1 2 1 1 1 1 0 0 1 58| 0 0 1 32 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 12. cont.

Road/Route

A-J North-1

Bense Trail-1.1
West Side
Westside Spur-1A
Jeep Road North-2
Wilbur Spur-1

A-J North

Mud Spur-1

Hunter Fire-1

Rock Creek - Jeep North Link
Reservoir Road
Powderhouse Left-1
Powder House
Sec. 36-1

Mussel

Sec. 36-4

Mud Spur

Main Road-1
Madrone-1A
Madrone-1-1

Jeep Road North
Jane Creek Road-1
Picnic Road
Tanoak Saddle-1

‘West Branch Road-Park Spur Link-1

West Branch Road Loop
Violated Spur-3
Turwar Spur-1
Timberline-1

Sec. 1-A-J Link
Teran-1

Mussel-1-1

Tanoak Saddle
Smoke House-5
Smoke House-1-1
Sheepshed-Reservoir Link
Sheepshed-6
Sheepshed-5
Teran-1-2

End Haul

Heat Spur

Go Back-2

Head Hunter Loop
Hamilton Road

Export Spur

Dry Lake-2

Dry Lake
Demonstration Forest Spur
Head Hunter
Chipmunk Spur 1-1
Hunter Fire Road
Childs Hill-3-1-1
Sheepshed-4-2

Rock Creek-12Pct Spur Link
Sec. 1-3

Sec. 1-5

Wilbur Spur-6

Bense Trail-3

Bense Trail-4

Sec. 36-3

Ray Smith-Violated Spur Link
Sheepshed

Sec. 1-2

Go Back Loop

Go Back

Smoke House-6
Bucket Spur-1-2

West Branch Road-1
Sec. 5-1A

Jeep Road North-1
Moratorium-2
Mountain Lion-2
P-Line Spur-1

A-J Loop-2

Sec. 1-3-1

4th Switchback Loop-1
J-T No. 1 Loop-1-1
Hunter Fire Loop

Mule Trail-1

Head Hunter-1

Airport Spur-1

Bucket Spur-4

Mill Creek Addition Road Inventory and Assessment Report

Road Fills

Crossings

Landings

Mass Wasting Sites

Final Road Route Risk Route Threat Site Risk Site Threat High Moderate  Moderate Moderate  Moderate Low High Moderate  Moderate
Crossings Landings Volume Risk Volume Risk Volume Low Risk Risk Volume Risk Volume Low Risk Risk Volume Risk Volume Risk Risk Volume Low Risk Risk Volume
cubic meters cubic meters cubic meters cubic meters cubic meters cubic meters # cubic meters

5 1 2 1 1 1 0 1 0 1 73] 0 0 0 0 0 0 0 0 0 0 1 480 0 0 0 0 0 0
5) 1 2 1 1 1 0 1 0 1 44 0 0 0 0 0 0 0 0 0 0 1 532] 0 0 0 0 0 0
5 1 2 1 1 1 1 0 0 1 49 0 0 1 243 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5) 2 1 1 1 2 0 1 1] 2 90 0 0 0 0 0 0 0 0 0 0 1 500 0 0 1 0 0 0
5 2 1 1 1 5 3 2 0 2 152 0 0 3 626 0 0 0 0 1 900 1 1,000 0 0 0 0 0 0
5) 3 2 0 0 0 0 0 0 3 25, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 1 2 1 1 12 5 1 6] 1 398| 1 450 3 1,726 1 298 1 00 0 0 0 0 0 0 5 455 1 0
5) 1 2 1 1 4 1 3 0 1 140 0 0 0 0 0 0 0 0 1 325 2 1,640 0 0 0 0 0 0
5 1 1 1 2 1 0 1 0 1 18| 0 0 0 0 0 0 0 0 1 1,100 0 0 0 0 0 0 0 0
5) 1 2 1 1 5) 5) 0 0 1 194 1 103 4 337 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 1 2 1 1 5 5 0 0 1 384 0 0 4 2,083 1 336, 0 0 0 0 0 0 0 0 0 0 0 0
5) 1 2 1 1 1 0 1 0 1 116 0 0 0 0 0 0 0 0 0 0 1 715] 0 0 0 0 0 0
5 1 2 1 1 3 3 0 0 1 214 1 698 2 699 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5) 2 1 1 1 1 0 1 0 2 35 0 0 0 0 0 0 0 0 1 900 0 0 0 0 0 0 0 0
5 1 2 1 1 2 1 1 0 1 224 0 0 0 0 1 308 0 0 1 1,688 0 0 0 0 0 0 0 0
5 1 1 1 2 6 2 1 3 1 105 0 0 0 0 2 0 0 1 2,438 0 0 0 0 0 0 B 0
5 1 2 1 1 4 2 2 0 1 345 1 694 1 242 0 0 0 0 0 2 1,350 0 0 0 0 0 0
5) 2 1 1 1 1 1 0 0 2 33 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
5 3 2 0 0 0 0 0 0 3 77 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5) 3 2 0 0 0 0 0 0 3 16| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 2 1 1 1 6 4 2 0 2 246 0 0 4 400 0 0 0 2 2,000 0 0 0 0 0 0 0 0
5) 1 1 1 2 4 1 3 0 1 158 0 0 0 0 1 1 2,250 1 1,950 1 720 0 0 0 0 0 0
5 2 1 1 1 17 11 0 6] 2 184 1 77 8 1,909 1 0 0 0 0 0 0 3 1,750 3 360 0 0
5) 3 2 0 0 0 0 0 0 3 56 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 1 2 1 1 2 1 0 1] 1 221 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0
5) 1 2 1 1 2 2 0 0 1 131 0 0 1 160 1 0 0 0 0 0 0 0 0 0 0 0 0
5 1 1 1 2 2 1 1 0 1 28| 0 0 0 0 1 0 0 0 0 1 1,350 0 0 0 0 0 0
5) 2 1 1 1 4 2 1 1] 2 133 0 0 2 150 0 0 0 1 800 0 0 1 250 0 0 0 0
5 3 2 0 0 0 0 0 0 3 68| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5) 2 1 1 1 2 0 1 1] 2 61 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 20 0 0
5 2 1 1 1 3 2 1 0 2 218| 0 0 2 270 0 0 0 0 0 0 1 800 0 0 0 0 0 0
5) 3 2 0 0 0 0 0 0 3 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 1 2 1 1 7 0 5 2] 1 508| 0 0 0 0 0 0 0 0 1 900 4 3,570 0 0 2 180 0 0
5) 2 1 1 1 9 4 3 2] 2 200 3 1,316 0 0 1 82 0 0 1 720 2 1,065 0 0 1 0 1 0
5 3 2 0 0 0 0 0 0 3 20| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5) 2 1 1 1 1 1 0 0 2 35 0 0 0 0 1 144 0 0 0 0 0 0 0 0 0 0 0 0
5 1 2 1 1 1 1 0 0 1 289 0 0 1 230 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5) 2 1 1 1 4 1 1 2] 2 83 0 0 1 101 0 0 0 0 1 1,000 0 0 0 0 1 75 1 0
5 2 1 1 1 6 5 1 0 2 100 1 73 4 437 0 0 0 0 0 0 1 750 0 0 0 0 0 0
5) 1 2 1 1 9 4 2 3 1 319 0 0 1 392 0 0 0 0 1 700 1 600 0 0 2 580 1 16
5 2 1 1 1 0 3 6 1] 2 404 0 0 0 0 3 8 1 1,800 3 2,705 2 1,950 0 0 1 0 0 0
5) 1 1 1 2 1 0 1 0 1 33 0 0 0 0 0 0 0 0 0 1 770 0 0 0 0 0 0
5 3 2 0 0 0 0 0 0 3 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5) 1 2 1 1 22 21 0 1] 1 1610 12 10,128 4 1,139 1 1] 0 0 0 0 0 0 0 0 0 1 0
5 1 2 1 1 5 1 2 2] 1 356 0 0 0 0 1 0 1 1 1,000 0 0 0 0 2 700 0 0
5) 1 2 1 1 3 2 1 0 1 460 0 0 2 720 0 0 0 1 350 0 0 0 0 0 0 0 0
5 1 2 1 1 16 8 5 3 1 1036 3 1,858 5 1,789 0 0 3 0 0 2 2,025 0 0 0 0 3 0
5) 2 1 1 1 3 1 0 2] 2 108 0 0 0 0 1 05, 0 0 0 0 0 0 0 0 0 1 40
5 2 1 1 1 8 0 4 4 2 478 0 0 0 0 0 0 0 3 3,135 1 1,750 0 0 1 0 3 0
5) 1 2 1 1 1 0 1 0 1 105 0 0 0 0 0 0 0 1 1,000 0 0 0 0 0 0 0 0
5 1 2 1 1 13 8 0 5] 1 719 1 113 6 1,079 0 0 0 0 0 0 0 1 1,500 2 800 2 250
5) 2 1 1 1 3 1 2 0 2 66 1 120 0 0 0 0 1 825 0 0 1 280 0 0 0 0 0 0
4 3 1 0 0 0 0 0 0 3 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 3 1 0 0 0 0 0 0 3 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 3 1 0 0 0 0 0 0 3 19, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 3 1 0 0 0 0 0 0 3 31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 3 1 0 0 0 0 0 0 3 38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 1 0 1 2 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 250 0 0 0 0 0 0
4 1 1 1 1 1 0 1 0 1 10, 0 0 0 0 0 0 0 0 1 1,050 0 0 0 0 0 0 0 0
4 3 1 0 0 0 0 0 0 3 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 1 1 1 1 4 2 1 1 1 141 0 0 1 170 1 30 0 0 0 0 1 225 0 0 0 0 1 0
4 1 1 1 1 2 0 0 2] 1 224 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 30,
4 3 1 0 0 0 0 0 0 3 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 3 1 0 0 0 0 0 0 3 10| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 1 1 1 1 4 2 1 1 1 84 1 170 0 0 1 8 0 0 0 0 1 540 0 0 0 0 1 0
4 3 1 0 0 0 0 0 0 3 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 1 1 1 1 1 1 0 0 1 38 0 0 0 0 1 4 0 0 0 0 0 0 0 0 0 0 0 0
4 1 1 1 1 6 5) 0 1] 1 177 1 304 2 486 2 0 0 0 0 0 0 0 0 0 0 0 1 0
4 3 1 0 0 0 0 0 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 3 1 0 0 0 0 0 0 3 22| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 2 2 0 0 0 0 0 0 2 55, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 2 2 0 0 0 0 0 0 2 32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 1 1 1 1 2 0 2 0 1 72 0 0 0 0 0 0 0 0 0 0 2 2,000 0 0 0 0 0 0
4 2 2 0 0 0 0 0 0 2 76 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 3 1 0 0 0 0 0 0 3 34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 2 2 0 0 0 0 0 0 2 33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 3 1 0 0 0 0 0 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 2 0 1 1 1 0 1 0 2 0 0 0 0 0 0 0 0 0 1 750 0 0 0 0 0 0 0 0
4 1 1 1 1 4 3 1 0 1 71 0 0 1 581 2 254 0 0 1 525 0 0 0 0 0 0 0 0
4 1 1 1 1 4 2 0 2] 1 98| 1 144 1 142 0 0 0 0 0 0 0 0 0 0 1 20 1 50,
4 1 1 1 1 1 0 1 0 1 74 0 0 0 0 0 0 0 0 1 1,000 0 0 0 0 0 0 0 0
4 2 2 0 0 0 0 0 0 2 19| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 12. cont.

Road Fills Crossings Landings Mass Wasting Sites
Route Final Road Route Risk Route Threat Site Risk Site Threat | Total Number Total Mass High Moderate  Moderate Moderate  Moderate Moderate  Moderate

Road/Route Length Crossings Landings Volume Risk Volume Risk Volume Low Risk Risk Volume Risk Volume Risk Volume Low Risk Risk Volume Risk Volume Risk Risk Volume Low Risk Risk Volume

(km) cubic meters cubic meters cubic meters cubic meters cubic meters cubic meters cubic meters cubic meters # cubic meters cubic meters

Go Back Link 0.25 3 1 2 0 0 0 0 0 0 1 48 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hilton Spur-1 0.17 3 2 1 0 0 0 0 0 0 2 28| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hound Dog Left-1 0.41 3 2 1 0 0 0 0 0 0 2 32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Airport Spur Loop-1-3 0.2 3 2 1 0 0 0 0 0 0 2 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Timberline-Jeep Road Link-2 0.14 3 2 1 0 0 0 0 0 0 2 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Upper First Gulch-3 0.87 3 2 1 0 0 0 0 0 0 2 85 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hunter Fire Road Loop Connector-1 0.03] 3 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Childs Hill-3-1 0.57 3 2 1 0 0 0 0 0 0 2 10| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Export Spur-1 0.14 3 1 2 0 0 0 0 0 0 1 44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ray Smith-Violated Spur Loop Link 0.05 3 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sec. 5 Road-Extension Link-3 0.17 3 2 1 0 0 0 0 0 0 2 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Powder House Left-1-1 0.22 3 2 1 0 0 0 0 0 0 2 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bense Trail-4-1 0.63 3 2 1 0 0 0 0 0 0 2 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Rock Creek Road-2 0.14 3 2 1 0 0 0 0 0 0 2 12| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hamilton-Elkhorn Link 0.57 3 1 0 1 1 1 1 0 0 1 0 1 283 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Low Water Crossing 0.31 2 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
West Branch Road-4 0.48 2 1 1 0 0 0 0 0 0 1 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Jane Creek Road-1-3 0.15 2 1 1 0 0 0 0 0 0 1 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hunter Fire Road Loop Connector-2 0.1 2 1 1 0 0 0 0 0 0 1 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P-J Spur-2 0.27 2 1 1 0 0 0 0 0 0 1 33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Chipmunk Spur 1-1-1 0.05 2 1 1 0 0 0 0 0 0 1 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sheepshed-1 0.2 2 1 1 0 0 0 0 0 0 1 25, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Low Divide-Crossover Link 0.81 2 1 1 0 0 0 0 0 0 1 35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Airport Spur-5 0.1 2 2 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Substation Road 0.53 2 1 1 0 0 2 2 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Picnic - Hamilton Link 0.04 2 1 1 0 0 0 0 0 0 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1/2 Mile Spur-1 0.29 2 1 1 0 0 0 0 0 0 1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sec. 31-Turwar West Link 0.28 2 1 1 0 0 0 0 0 0 1 33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hilton Spur 0.79 2 1 1 0 0 0 0 0 0 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sheepshed Link 0.51 2 1 1 0 0 0 0 0 0 1 32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Rock Creek Road-3 0.07 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
West-East Link 0.69 1 1 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Low Water Crossing-1 0.15 1 1 0 0 0| 0 0 0 0 1 0| 0 0 0 0 0 0 0 0 0 0 0 0| 0 0 0 0 0 0
Total 468.418 3,278 1,451 981 807 122,811 454 395,474 690 349,428 307 88,489 205 374,229 506 809,370 270 261,686 153 127,500 376 39,115 278 17,384
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Table 12 also lists the total number of sites per road and the number of each site type
as well as the number and volume of road-streams crossings, landings, and mass
wasting sites grouped by risk level. Road fill risk, although scored as small segments
along each route, are collapsed to a single risk value and the corresponding volume

shown represents the sum of all fill segments within a given route.

Road stream crossings represent the largest number of sites across all three risk
categories with landings and mass wasting sites numbering fewer respectively. High
risk road stream crossings number 454 and represent 395,474 m? of potential delivery.
Less than half the number of high risk landing sites (205) represent 374,229 m® of
potential sediment delivery to local streams. The high delivery rate for landing sites is a
result of larger fill volumes coupled with the ability for failed landing fills to accumulate
soil as they propagate down steep slopes. Mass wasting and road fill sites represent
significantly smaller volumes of potential sediment delivery. This is due to the relatively
small amount of potentially unstable fill that remains.in most mass wasting sites and in

the road fills.

We compared the final route ranking with our first hand knowledge of the road network
within the Mill Creek Addition. We looked at the ranking score for roads which over the
past eight years have demonstrated chronic or catastrophic problems. We expect to
see those roads near the top of the ranking while we expect relatively trouble-free roads
to be near the bottom.. Our model output reflects known conditions quite well. Two of
the most problematic roads are ranked 11 out of a possible 12, and 10 routes known to
be problematic are ranked 9 and higher. Conversely, no known problematic roads

appear in the-lowest ranking routes.

Our results did illustrate one unanticipated result. Because the overall route risk and
threat were calculated per unit length, short routes with any significant risk or threat
were ranked high. Although unanticipated, this result is consistent with the results as a

whole and serves to highlight the threat associated with short roads.



EXISTING CONDITIONS AND PROJECTS

ROAD MAINTENANCE
Currently, DPR maintains approx