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INTRODUCTION
Crescent Environmental PLLC is pleased to present the results of a Geotechnical Evaluation
of parcel 063000028440, City of Port Angeles, Washington (Figure 1). (Note: all figures are
at the end of this report).
I have qualitatively evaluated the relative slope stability of the property (parcel
063000028440), City of Port Angeles, Washington, based on soil and geologic
characteristics, slope morphology, hillslope gradient, and plant community types and ages.
I have performed an on-site review of the subject parcel and have evaluated the relative
slope stability of the parcel with respect to the presence/absence of landslide features and
erosion hazards.
This report is an instrument of service subject to the limitations and conditions set out in
Appendix B and was prepared by an Engineering Geologist and Hydrogeologist licensed in
the State of Washington. In preparing this report Crescent Environmental PLLC visited parcel
063000028440, City of Port Angeles, Washington on January 18, 2021.
This work was conducted in accordance with the signed scope-of-work between Crescent
Environmental PLLC and James Niederschmidt dated January 29, 2021.
Purpose and Scope
The purpose of this geotechnical evaluation is to qualitatively characterize the landslide and
erosion hazards of parcel 063000028440, City of Port Angeles, Washington, and to evaluate
the feasibility of locating an 18 ft. x 26 ft. two-story residential structure in the southwest
area of the parcel adjacent to a Landslide Hazard and Soil Erosion Hazard Area (Figure 2)
as defined by City of Port Angeles Code.
In order to qualitatively characterize landslide and soil erosion hazards, I performed an onsite review of the parcel to make observations of the land surface characteristics with respect
to any deep-seated or shallow landslides or other indicators of active mass wasting
processes such as exposed scarps, tension cracks, hummocky topography, tilted or swept
trees, seeps, springs or concentrated water, sag ponds, or closed depressions.
Site Location
The subject parcel (063000028440) is located immediately east of South Francis Street,
between East Ninth Street and East Tenth Street in the City of Port Angeles, Washington
(Figure 1). The approximate center of the parcel is located at 48.106, -123.427 (NAD 1983).
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The parcel is approximately 6992.8 square feet in area according to the assessors’ survey
record (Figure 2).
Site Characteristics
The subject parcel is situated on an east-facing, gently to steeply sloping terraced outwash
hillslope bordering the northern flanks of the Olympic Mountains to the south.
The southern parcel area occupies a planar to divergent hillslope in a glacial outwash terrace
on the west side of the Peabody Creek ravine. The parcel drains to the north and east. The
elevation of the subject parcel ranges from approximately 160 to 190 feet above mean sea
level (m.s.l.) based on LiDAR bare earth elevation data using the National Vertical Datum of
1988 (NAVD88) (Figures 3 & 4). The south and southwest portions of the parcel exhibit flat to
10% slopes while the northern portion of the parcel slopes steeply (70%) into the Peabody
Creek drainage to the east.
Precipitation is seasonally variable, characterized by wet mild winters and relatively dry, cool,
summers. Annual average precipitation (1981-2010) is 36 inches primarily occurring as
rainfall.
Native vegetation on the parcel is a mixed second-growth deciduous-dominated forest
composed of Douglas fir, Western red cedar, Big Leaf Maple, Red alder and Madrone. The
understory vegetation is dominated by upland plant species such as Salal, Snowberry, and
Madrone.
Geologic Conditions
Regional
The project area is located on the north side of the Olympic Mountains, a range of
sedimentary and volcanic rocks uplifted as a result of tectonic convergence and subduction
along the Cascadia margin of North America. The highlands to the south are in Crescent
Formation, mostly high-relief terrain formed on volcanic rocks. The lower and less steep
lands to the north are sedimentary bedrock units overlain by recessional outwash and till
plains, where ice sheets that occupied the Strait of Juan de Fuca during the Pleistocene
lapped on the edge of the Olympic Mountains.
Surficial Geology
On the rolling uplands the sedimentary bedrock is overlain by weathered till, outwash and
alluvial fan deposits (Schasse, 2003). During major ice ages, continental glaciers pushed
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south into the lower terrain around the Olympic Mountains and the continental ice sheet
pushed southward from the west end of the Puget Lowlands and south from the Juan de
Fuca Strait.
The glacial drift once formed an irregular blanket over the bedrock throughout the area, but
post-glacial incision by the streams (e.g., Peabody Creek) and the Strait of Juan de Fuca cut
through the glacial deposits into the sedimentary bedrock units, leaving drift mantling the
rolling uplands and irregular strath terraces within the major canyons. Weathering and masswasting (creep and landslide) processes along the new canyons, ravines and coastal bluffs
have continued to erode into the canyon walls. Locally the project area is mapped with
surficial deposits of older alluvium, recessional outwash and Juan de Fuca lobe glacial till
(Figure 6).
Recessional outwash and glaciomarine drift are Pleistocene in age and include gravel, sand,
silt, clay, and locally peat; and are characterized by northern rock types.
Juan de Fuca lobe glacial till is Pleistocene in age and includes unsorted and highly
compacted mixture of clay, silt, sand, gravel, and boulders deposited directly by glacial ice;
gray where fresh and light yellowish brown where oxidized; permeability is very low where
lodgment till is well developed; clasts are of northern source but with abundant Olympic rock
types where Olympic sediments are present in the substrate. Till is most commonly matrixsupported but locally clast-supported; matrix more angular than water worked sediments;
cobbles and boulders commonly faceted and (or) striated; and forms a patchy cover ranging
from 0.5 ft-20 ft. thick. Glacial till is frequently overlain by recessional outwash and underlain
by advance outwash deposits or other older units (Othberg and Palmer, 1979; Schasse,
2003).
Geologic mapping by Schasse, (2003) of the subject parcel (Figure 5) shows one geologic
unit on the parcel; undifferentiated pre-late Quaternary Glacial outwash (Qgoa).
No landslide features are mapped on or near the subject parcel by Othberg and
Palmer, 1979 or Schasse, 2003.
Soil Textures
There is one soil textural series (Neilton) mapped on parcel 063000028440, City of Port
Angeles, Washington (Halloin, 1987) as shown in Figure 6. The slopes composing the parcel
are underlain by Neilton very gravelly loamy sand soils on slopes of 0-75 percent.
The Neilton very gravelly loamy sand is described as excessively well-drained, very gravelly
loamy sand soil that developed in glacial outwash. The soil is typically 20-60 inches deep,
with a very sandy gravelly loam extending to a depth of 31 inches. Infiltration characteristics
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of the soil profile show transmissivity values of >20 in/hr. Halloin (1987) provides an (USCS)
classification for the Neilton soil series as very gravelly loamy sand (GP-GM) (Halloin, 1987).
The hazard of water erosion of the Neilton very gravelly loamy sand is rated as severe
(Halloin, 1987).
The soils and glacial outwash on the subject property have relatively low values for soil
cohesion, ranging in value from 1500-2000 pounds per square foot (psf) (Koloski, et al.,
1989) but are sufficiently strong to locate a residential structure on the site. Due to the low
cohesion of the site soils, utility trenches should be shored to prevent caving during
installation of cables and pipes.
Seismic Hazards
The site location of the project parcel is mapped as having a very low liquefaction hazard
rating by the Department of Natural Resources (Figure 7).
The Seismic Design Criteria rating for the project parcel is listed as D1 by the Department of
Natural Resources. (Figure 8).
Criteria D1 relates to the International Building Code requirements for short period ground
accelerations between 0.67 g and 0.83 g (Note: g is the acceleration of gravity, 9.8 m/s2).
Review of General Slope Stability Processes
When considering the relative stability of a natural hillslope, two primary factors exert a
dominant control on shallow landslide processes, slope gradient and slope shape.
Slope gradient is a measure of slope steepness and as the slope gradient approaches 70%
(rise over run) the incidence of shallow landslides increases dramatically (Carson and Petley,
1970).
Slope shape is important because convergent hillslopes tend to concentrate water in the
center or axis of the hillslope and this concentration of water increases the pore water
pressure in the slope, reducing the strength of the material within the hillslope (Sidle, 1984).
Divergent slopes disperse water and reduce pore water pressure in the slope. Planar slopes
similarly also do not tend to concentrate water in any one location and are more stable than
convergent hillslopes.
In the Pacific Northwest, where hillslopes are typically vegetated with over story trees and
dense understory vegetation, plant roots help to reinforce the soil mass in the rooting zone of

Exhibit 4

vegetation. When trees are cut for harvest or to maintain views, the rooting strength
diminishes over a time period of 3-7 years (Sidle, 1992). This reduction in root reinforcement
in the upper part of the soil can lead to the initiation of shallow landsliding if the slope is steep
enough. Therefore, the most hazardous combination of factors that can lead to landslide
occurrence is vegetation cutting on steep, convergent hillslopes, without providing for
immediate revegetation of the hillslope to offset the root strength reduction as the plant roots
decay and lose strength.
For the soils steeper than 40% found on parcel 063000028440, City of Port Angeles,
Washington, the relative reinforcement effects of plant roots are an important factor in
maintaining slope stability due to the root network function in providing cohesion to the wellrounded clasts found in the glacial outwash on the site.
Additionally, the role of woody tree species in forming soil arches on non-cohesive hillslope
soils where tree trunks are firmly anchored in the soil at appropriate intervals has been
recognized (Gray and Megahan, 1981) as an important factor that maintains slope stability.
The role of lateral root cohesion has been identified by many authors (Sidle et al., 1985;
Tsukamoto and Minematsu, 1986; Tsukamoto, 1987) and the soil reinforcement strength of
lateral plant roots of non-tree species relative to shallow landsliding has been quantified in
the Oregon Coast Range (Roering, 2001). A list of plant species that provide effective rooting
strength that are appropriate to the Pacific Northwest is included in Appendix A.
Deep-seated landslides are mass wasting features that exhibit a failure plane below the
depth of rooting vegetation to a depth of hundreds of feet. Deep-seated landslides occur in all
lithologies (rock types) and can be relatively slow-moving on the order of centimeters/year to
extremely fast (meters/second).
Deep-seated landslides typically have a characteristic morphology in the horizontal plane
with a concentric or “half-circle” shape and are typically composed of a series of moving
blocks of rock and soil in the vertical plane that give the slope a bench-like appearance in
cohesive materials. Deep-seated landslides can also occur in fine- grained (silt or clay)
materials in the form of an earth flow. Finally, some deep-seated landslides exhibit a blockglide type failure mode where a large mass of rock or soil material moves vertically down a
slope.
Recent examples of reactivated glacial deep-seated landslides in Washington State include
the Oso landslide in Snohomish County and the Ledgewood landslide in Island County.
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Aerial Photography Review
Aerial photographs reviewed of the subject parcel include,1939, 1956, 1990, 2005, 2009,
2011, 2013, 2015 and 2017 (Figures 8-10).
The aerial photographs show the project parcel has been continuously forested since 1939 to
the present with little to no change in the vegetation or developed infrastructure on the
subject parcel and no visible evidence of surface erosion or landsliding over that time period.
On-Site Observations
Observations of the land surface on parcel 063000028440, City of Port Angeles, Washington
were made on January 18, 2021. I walked the lot boundaries and reviewed ground conditions
within and adjacent to the parcel.
The southern portion of the lot is level to gently sloping (0-10%) and the northern side of the
lot rounds over into a steeply (>70%) sloping forested hillslope/ravine that extends down to a
low gradient area adjacent to Peabody Creek. An informal Bicycle Motocross (BMX) track is
located between the parcel and Peabody Creek.
The steeply sloping hillslope is densely vegetated with mature trees and understory
vegetation consisting of madrone, salal, ocean spray, and alder.
Review of historical aerial photographs from 1939-2017 indicate there has been no
observable landsliding or surface erosion on the subject parcel during that time period.
On-site review of the northern half of the parcel indicates the presence of one shallow rapid
landslide scar that extends into South Francis street. There is evidence of minor settlement
of the road grade of South Francis street. This area will be avoided by the proposed
construction activities for the residential structure.
I delineated the edge of the landslide hazard area on the northern portions of the parcels and
marked the edge of the landslide hazard area with six, four-foot tall wood survey stakes with
re-bar. I established the25-foot landslide area buffer in the field with six, four-foot tall wood
survey stakes (Figure 18).
Qualitative Slope Stability Assessment
Based on a review of published geologic mapping, soil series descriptions, review of historic
aerial photographs and on-site observations, the southwest one-third of the subject parcel
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has been stable over the assessment period with respect to landsliding and surface erosion
that would threaten structures located on the gently sloping upland above the break-in-slope
on the parcel.
The northern portion of the subject parcel is steeply sloping and shows evidence of past
shallow rapid landsliding, including a small area of South Francis street that has settled
approximately half an inch. The remainder of the northern portion of the parcel is heavily
vegetated with native trees and shrubs, which are providing more than sufficient ground
cover that limits surface erosion as well as relative root reinforcement that is limiting
landsliding.
City of Port Angeles Critical Areas Designation
A Geologically Hazardous Area designation defined by the City of Port Angeles
Environmentally Sensitive Areas Protection code (15.20) is listed for the subject parcel as
follows:
“L.
"Landslide hazard areas" means areas potentially subject to risk of mass movement
due to a combination of geologic, topographic, and hydrologic factors. The following
areas are considered to be subject to landslide hazards:
1.
Areas of historic failures or potentially unstable slopes, such as areas mapped within
soils conservation service slide hazard area studies; as unstable by the 1978 Coastal
Zone Atlas; and as quaternary slumps, earthflows, mudflows, lahars, or landslides on
maps published by the United States Geological Survey or Department of Natural
Resources Division of Geology and Earth Resources.
2.
Any area with a combination of: (a) slopes 15 percent or steeper, and (b) impermeable
soils (typically silt and clay) frequently interbedded with granular soils (predominantly
sand and gravel); and, (c) springs or ground water seepage.
3.
Any area potentially unstable as a result of rapid stream incision, stream bank erosion
(e.g. ravines) or under-cutting by wave action (e.g. marine bluffs).
4.
Areas of potential failure due to over steepening of the slope beyond the in-place soil's
ability to resist sliding (slope exceeds angle of repose). “
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Recommendations for Erosion and Landslide Hazard Areas
In order to minimize the uncertainty of the risk to future residential structures on the subject
property from being located adjacent to the steep slopes adjacent to the Peabody Creek
ravine in the eastern portion of the parcel, the following actions in my opinion should be
implemented:
1. The current City of Port Angeles Code Buffer requirement of 25 feet from the edge of
a ravine and Building Code Section 21.01 setback from bluff, banks along with the
proposed location of an 18-foot by 26-foot, two-story residential structure is shown on
Figure 18.
2. Native vegetation on the eastern side of the parcel on slopes steeper than 40% should
be maintained and additional native species such as Douglas fir, Western red cedar,
and salal, should be planted to maintain a zone of active root strength along the top of
the steep hillslope. A list of native plants is included in Appendix A.
3. Standard erosion control measures (silt-fencing and straw mulch ground cover) should
be adequate during site preparation and construction due to the lack of surface water
drainage, the excessively drained characteristics of the soils on the site, the heavily
vegetated conditions of slopes down-gradient from the parcel, and the relatively large
distance to any receiving waters near the site.
4. All existing and future drainage from the home and yard should be contained on-site
and directed away from the steep slopes on the east side of the property. I
recommend that you retain a qualified civil engineer to design a suitable storm water
system for your parcel that will minimize discharges to the eastern and northern sides
of the lot.
5. I recommend that you consider a “post-and-beam” design for the foundation for your
home to limit ground disturbance from site grading.
Conclusions
On-site inspection and review of historical aerial photographs over a 78-year period (1939
and 2017) indicate no observable landsliding or surface erosion over the evaluation period
for the area of the parcel where the residential structure is planned.
Site conditions in the southwest portion of the subject parcel while limited in area, support the
conclusion that it is feasible to construct an 18’x26’ residence in this location.
Implementation of actions listed above are likely to reduce the risk to the environment from
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residential structures placed on the subject property over typical engineering design lifespans
from the potential earth hazards that exist in this area.
The actions listed above will ensure that the proposed residential construction will not
adversely impact the stability of the Peabody Creek ravine sidewalls and/or bluffs and will not
increase surface erosion and/or mass movement potential on the Peabody Creek ravine and
sidewalls.
The proposed construction measures, (e.g., limited clearing, post-and-beam foundation
supports, erosion control measures) will minimize disruption of the existing topography and
vegetation of the site.
On-site drywells on the western side of the property located in excessively drained soils will
limit the potential for storm water to impact the Peabody Creek sidewalls and/or bluffs.
This report is subject to the conditions and limitations set forth in Appendix B.
Sincerely,

David S. Parks M.S.
Licensed Engineering Geologist,
Hydrogeologist L.G., L.E.G., L.H.G. #533
Crescent Environmental PLLC
424 East First Street, Box 429
Port Angeles, WA 98362
Cellular: 360-640-3187
Email: crescentenvironmental@gmail.com
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Figure 1: Location map of parcel 063000028440, (blue outlined
polygon) City of Port Angeles, Washington.
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Figure 2: Auditor’s parcel and critical area map of Lot 9, parcel
(063000028440), City of Port Angeles, Clallam County, Washington.
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Figure 3: LiDAR derived Topography of the Project Parcel.
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Figure 4: Map showing parcel boundaries and LiDAR hillslope gradient
data on parcel 063000028440, City of Port Angeles, Washington.
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Figure 5: Geologic Mapping of parcel 063000028440 City of
Port Angeles, Washington (Polenz et al., 2004).
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Figure 6: NRCS Soil Mapping of parcel 063000028440, City of Port
Angeles, Washington (Halloin, 1987).
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Figure 7: Liquefaction Susceptibility Mapping (DNR) for the Project
Parcel.
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Figure 8: Seismic Design Mapping (D1) for the Project Parcel (DNR).
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Figure 9: 1939 Aerial Photograph of parcel 063000028440,
City of Port Angeles, Washington.
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Figure 10: 1956 Aerial Photograph of parcel 063000028440,
City of Port Angeles, Washington.
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Figure 11: 1976 Aerial Photograph of parcel 063000028440,
City of Port Angeles, Washington.
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Figure 12: 1990 Aerial Photograph of the Subject Parcel.
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Figure 13: 2005 Aerial Photograph of the Subject Parcel.
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Figure 14: 2009 Aerial Photograph of the Subject Parcel.
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Figure 15: 2013 Aerial Photograph of the Subject Parcel.
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Figure 16: 2015 Aerial Photograph of the Subject Parcel.

Exhibit 4

Figure 17: 2017 Aerial Photograph of the Subject Parcel
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Figure 18: Project Site Plan showing field-staked location of ravine and 25-foot landslide
area buffer on Subject Parcel
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Native Plant Species for Maintaining Slope Stability
Appendix A: Native Plant Species for Maintaining Slope Stability
Reference: Plant Indicator Species of Coastal Forested Slopes. Elliott Manashe.

Botanical Name Common Name

See Common Name Index for Cross
Reference

Hydrologic
Regime

Erosion Control Value

Relative Slope
Stability

W=Wet
M=Moist
D=Dry

D=Detrimental
V=Variable
EC=Surface Erosion
Control
SS=Slope Stabilization

U=Unstable
V=Variable
D=Disturbed
S=Stable

Hydrologic Regime refers to a plants water tolerance. A Wet Hydrologic Regime indicates that a plant would be best
suited to a wet site such as a seep, spring or wetland.
Erosion control value is an indicator of how well a plant species inhibits soil erosion, either Surface Erosion (EC) or
plants used to stabilize slopes (SS).
Relative Slope Stability is an indicator of where the plant is typically found, (e.g. plants rated U, for Unstable, are often
found in areas disturbed by landsliding.

Middle Strata: Shrubs and Small Trees
Common Name

Hydrologic
Regime

Erosion Control
Value

Relative Slope
Stability

Acer circinatum

Vine Maple

M, D

EC, SS

D, S

Acer glabrum (4)

Douglas Maple

D

SS

D, S

Serviceberry

D

EC, SS

S

Hairy Manzanita

D

EC, SS

S

Ceanothus sanguineus (5) Red-stem Ceanothus D

EC, SS

D, S

D

EC, SS

D, S

Redtwig Dogwood

W, M, D

EC, SS

D, V

Beaked Hazel

M, D

EC, SS

D, S

Botanical Name

Amelanchier alnifolia
Arctostaphylos
columbiana

Ceanothus velutinus (5) Snowbrush
Cornus stolonifera
Corylus cornuta
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Crataegus douglasii

Black Hawthorn

W, M, D

EC, SS

D, S

Gaultheria shallon

Salal

D

EC

S, V

Holodiscus discolor

Oceanspray

D

EC, SS

S, V

Lonicera hispidula

Purple Honeysuckle

D

EC

S

Lonicera involucrata

Twinberry

W, M, D

EC, SS

S

Mahonia aquifolium

Tall Oregon Grape

D

EC, SS

S

Oemleria cerasiformis

Indian Plum

D

EC

S

Philadelphus lewisii

Mock-orange

D

EC, SS

S

Pacific Ninebark

W, M

EC, SS

S

Rhododendron
macrophyllum

Bigleaf
Rhododendron

D

EC

S

Ribes lacustre

Swamp Gooseberry

W, M

EC

U, V

Redflowering
Currant

M, D

EC, SS

S

Baldhip Rose

D

EC, SS

S

Rosa nutkana

Nootka Rose

M, D

EC, SS

D, S

Rosa pisocarpa

Swamp Rose

W, M, D

EC, SS

S

Cutleaf Blackberry

M, D

D

U, D

Rubus parviflorus

Thimbleberry

M, D

EC

D, V

Rubus spectabilis

Salmonberry

W, M, D

EC, D

D, V

Sambucus racemosa

Red Elderberry

M, D

EC

D, V

Shepardia canadensis

Soapberry

D

EC, SS

D, S

Symphoricarpos albus

Common Snowberry D, M

EC, SS

D, S

Evergreen
Huckleberry

D

EC

S

D

EC

S

Physocarpus capitatus

Ribes sanguineum
Rosa gymnocarpa

R. laciniatus

Vaccineum ovatum

Vaccineum parvifolium Red Huckleberry
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Appendix B
REPORT LIMITATIONS AND GUIDELINES FOR USE
This attachment provides information to help you manage your risks with respect to the use of
this report.
Geotechnical Services Are Performed for Specific Purposes, Persons and Projects
This report has been prepared for use by client James Niederschmidt. This report is
not intended for use by others, and the information contained herein is not applicable to other sites.
Crescent Environmental PLLC structures our services to meet the specific needs of our clients. For
example, a geotechnical or geologic study conducted for a civil engineer or architect may not fulfill the
needs of a construction contractor or even another civil engineer or architect that are involved in the
same project. Because each geotechnical or geologic study is unique, each geotechnical engineering or
geologic report is unique, prepared solely for the specific client and project site. No one except James
Niederschmidt should rely on this report without first conferring with Crescent Environmental PLLC.
This report should not be applied for any purpose except the one originally contemplated.
A Geotechnical Engineering or Geologic Report is Based on a Unique Set of Project-Specific
Factors
This report has been prepared for parcel 063000028440, located in City of Port Angeles, Washington.
Crescent Environmental PLLC considered a number of unique, project-specific factors when
establishing the scope of services for this project and report. Unless Crescent Environmental PLLC
specifically indicates otherwise, do not rely on this report if it was:
1.
2.
3.
4.

Not prepared for you.
Not prepared for your project.
Not prepared for the specific site explored.
Completed before important changes were made.

For example, changes that can affect the applicability of this report include those that affect:
a. Elevation, configuration, location, or orientation of activities and structures.
b. Project ownership.
Within the limitations of scope, schedule, and budget, our services have been executed in accordance
with the standard of care in this area at the time this report was prepared. No subsurface explorations
were included in the scope-of-work nor conducted as part of this evaluation. It is recommended that the
user of this report conduct their own verification of subsurface conditions. All dimensions and locations
on included maps and figures are approximate and do not represent nor are intended to represent a legal
survey. Users of this report should verify all locations and distances of shown features independently
prior to relying on stated locations and/or displayed distances. It is not currently possible to predict the
timing or extent of natural earth hazards such as landslides or marine bluff erosion with existing scientific
principles except for generalized hazard mapping. No warranty or other conditions, express or implied,
should be understood.

