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Jeff Slamal, Manager
Nehalem Bay Health District
PO Box 6
Wheeler, OR 97147
RE: Geologic/Geotechnical Hazard Feasibility Study for a new medical/community center; Map 2N 10W 2CB,
Tax Lots 7800 and 7801, plus surrounding area, Wheeler, Tillamook County, Oregon

Dear Jeff:
With your assistance and at the request of the Nehalem Bay Health District board, Horning Geosciences has carried
out a reconnaissance level feasibility study of the above-referenced land to assess it for geologic hazards and challenges for its redevelopment. The intent of this report is to economically provide you with sufficient information to
assist in making decisions about moving forward with a planning process for construction of a new medical community center. Horning Geosciences does not have any financial interest in this project, other than to provide geologic consulting services.
Scope of Work
This reconnaissance report is based on a review of all available pertinent references, as well as site-specific mapping of the buildings, subject property, and neighborhood. Subsurface exploration has not been carried out at this
time. Landforms, vegetation patterns, slopes, soils, bedrock, water features, and structural damage to engineered
features are investigated. Causes of observed damage are deduced. No recommendations for mitigation are made,
other than from a feasibility standpoint for future construction. The absence of subsurface investigation is not expected to introduce significant uncertainty, particularly since this is a feasibility study.
Methods
Elevations are referenced to the National Geodetic Vertical Datum of 1929 (NGVD). Slopes have been measured
with a handheld inclinometer, or have been calculated from LIDAR elevation contours. Soils are classified according to field methods of the Unified Soils Classification System (USCS). Geologic units are referenced against
those identified in maps by Wells and others (1995) and Schlicker and others (1972), as well as from reports in the
archives of Horning Geosciences. Additional maps have been created at a scale of 1” = 20’.
Maps and Figures
Location map and tax plat are shown in Figures 1 and 2. LIDAR imagery both interpreted and raw are provided in
Figure 3. Soils and geologic maps are provided in Figures 4 and 5. Known and inferred landslides have been superimposed on an aerial photo in Figure 6. A site-specific geologic sketch map with observations and a tsunami
run-up map are shown in Figures 7 and 8. Photos of deformed foundations and walls are reproduced in Figures 9
through 13.

Horning Geosciences

808 26th Avenue, Seaside, Oregon 97138

503-738-3738

Quick Geology
The subject property and surrounding neighborhood lie on a hill between Jarvis and Vosburg Creeks. A smaller
tributary to Vosburg Creek drains northwesterly past the southwest corner of the campus site. The approximate elevation of the existing campus is around 160 ft. Structural damage of the existing building consists of 1) bulging
cinder-block retaining walls from soil pressures; 2) differential settlement, rupture of the basement slab, and tipping
of the northwestern wall; and 3) differential subsidence of the northeastern addition to the building. The damage
has been caused by inadequate wall design and construction, and poor ground preparation for carrying loads into
the soil column. Had the ground been prepared properly by installing compacted rock subgrade and removal of
mechanically disturbed soils, had footings been wider and stronger, and had more steel reinforcement been provided in the walls and floors, it is likely that the existing damage would not have occurred.
Damage to the facility parking area is limited to settlement and resulting internal drainage problems due to backfilling behind walls or on disturbed soils on the southeast side of the main building. Otherwise, there is little evidence of any slope instability of the main campus. Existing damage at the Nehalem Valley Care Center and Rinehart Clinic are due to locally steep slopes and the likely presence of local soils that have been used improperly as
structural fill. Carrying foundation loads into stronger materials at depth with pilings could have, and has, avoided
these problems.
There is no evidence of landslide activity on the NBHD campus. However, there is evidence of landslide activity to
the south-southwest of the main property in the smaller tributary drainage to Vosburg Creek. Known slide activity
covers as much as six platted city blocks. Landform interpretation suggests that probable landslide terrain covers at
least nine city blocks. This slide activity is not expected to threaten future facilities on the NBHD campus under
normal historical conditions. Land development on the northwest face of the hill between Highway 101 and Second Street, downhill from the campus, disguises original landforms and possible landslide features, but examination
of the roads and homes finds no evidence of past or ongoing slope movements. The hill has remained relatively
stable.
Most of Wheeler is underlain by probable landslide materials that are estimated to range from 30 to 60 ft in thickness, based on comparison with similar bedrock/soil and conditions in Astoria. Massive highly stable sandstone
crops out to the east along Jarvis Creek and thin- to medium-bedded silty sandstone is west of the project area in
Vosburg Creek. Together these suggest that resistant bedrock may be present in the shallow subsurface under parts
of the hill and NBHD campus. Its presence may be resolved with subsurface borings; however, there may be uncertainty as to whether any shallow bedrock encountered is true bedrock or simply large blocks of bedrock entrained within a larger landslide complex. This has implications for stability of the hill during a large regional
earthquake.
Soils of the Templeton-Klootchie silt loam have been mapped over the neighborhood. These are colluvial (landslide) soils from weathered siltstone and basalt higher on the mountain. They are mapped as belonging to the Eocene-Oligocene Nestucca Formation and the Columbia River Basalt Group. Weathering and downslope movement
of the bedrock forms thick soils that have become incorporated into ancient and still-active landslides. The slides
move in response to 1) past shoreline erosion by the Nehalem River; 2) as much as a 250 ft rise in sea level and surface of the river over the past 18,000 years, since the end of the last Ice Age; 3) inherently weak ML-MH silt-clay
soils and siltstone bedrock; 4) groundwater saturation from heavy rains; 5) filling of drainages with construction
waste; and 6) seismic activity.
The next subduction zone earthquake will contribute to landslide movements in the Wheeler area. It is uncertain to
what degree the slides will be reactivated, but in the five minutes of expected shaking from a regional subduction
zone event, as much as several dozen feet of downslope movement can be expected in susceptible zones and as little as a few inches or less in more stable ground. This will depend on the presence of intermittently active landslides, weak shear zones, and thick saturated soils and sediment. At first blush, it appears the campus is on better
ground and should fare well, subject to uncertainties cited earlier. The next earthquake has a 15 to 45 percent
chance of striking in the next 50 years. The higher number is based on the conclusion that quakes occur in clusters,
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that we are presently in a cluster, and that quakes in this cluster have occurred 330 years on average, plus or minus
125 years. The last quake struck 318 years ago. The NBHD campus is well above tsunami run-up. It is possible
that tsunami surges in the river might undermine the toe of the slope and trigger some additional slope failure.
Ground accelerations will be amplified by thick sequences of landslide rubble and soils.
Discussion
Deformation of the existing building is best explained by inadequate design and construction, particularly where
cinder-block walls are bulging inward from soil pressures and separating. Also, differential settlement of weak
ground beneath the foundations has led to tipping of walls and buckling of the basement slab. It is assumed that
during site preparation in the 1940s that mechanically disturbed clay-silt soils were used as structural fill, perhaps
compacted inadequately by oversizing lifts of fill and only driving over it with a bulldozer. Alternatively, it may be
that the site was incised with creek drainages and that these were filled with weak clay-silt soils, only to settle differentially after the building was constructed. Apparently, the footings were not sized appropriately for the weak
soils, nor was sufficient structural steel used to reinforce the tensile strength of the concrete. The absence of
through-going cracks and fractures from the building out into sidewalks, curbs, and adjacent parking surfaces is a
strong indicator that landslide movements have not taken place. Confidence in these interpretations is high. The
site may be claimed to be free of historic landslide movements and that it will continue in this manner until the next
earthquake.
Landslide activity in the Vosburg Creek drainage will not threaten the campus site. The drainage does not have
enough water flow to carry away weak soils that have accumulated in the main part of the drainage. As a result,
there is a thick deposit of materials that periodically shifts downslope when saturation levels rise high enough. This
has been exacerbated by filling the drainage and/or plugging it with new road construction, as happened around
2000 to 2002, or, for example, the rumored burial of the old fire-damaged school many years earlier. Although
small amounts of soils migrate laterally toward the axis of the drainage through time, most landslide movement is
parallel to the creek axis, limiting the hazard to the NBHD campus. It is safe to say that this slide will not expand
and threaten the new campus, but it almost certainly will continue to shift during heavy rainfalls, if not mitigated in
some manner.
The next subduction zone earthquake could strike within the next few years to decades. It is possible that some
movement of the campus site may occur in response to fairly powerful ground motions that last for up to 5 minutes.
Using experience gained from landslides in Astoria, damage to structures exposed to landslide movements can be
limited by building robust foundations that are extra thick and that are reinforced with extra structural steel. For
example, there is a marked improvement in the resilience of 10-inch thick walls as compared to 6-inch thick walls,
particularly if they are reinforced with extra rebar. The steel prevents tensional forces from pulling apart footings
and walls, plus it strengthens the structures so they can be jacked level, if tipped, to restore the building back to service. It is best to describe the seismic slope instability hazard of the site as having low to moderate susceptibility,
with moderate to moderately high uncertainty. Yet, the site appears to be among the safest in the city of Wheeler,
based on the distribution of recently active landslides and indicator landforms. By carefully controlling the ground
prep (thick compacted rock base, for example) and over-building the foundations and retaining walls, it is likely
that damage can be limited and repaired after the earthquake as the best attempt at earthquake resiliency. It is recommended that the health district employ the services of experienced geotechnical engineers to explore and model
the subsurface and assess the susceptibility of the site to seismically triggered landslide hazard.
Please call or write if you have questions.

Expires: 7/1/18

Thomas S. Horning, CEG #1131
Horning Geosciences
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Figure 1: Property location map; extracted from the Nehalem 7.5-min USGS Quadrangle Map. Vosburg and Jarvis Creeks drain north into
the river on the west and east sides of the neighborhood respectively.
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Figure 2: Assessor’s plat showing the size and shape of Tax Lots 7800 and 7801.
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Figure 3a: Interpreted LIDAR imagery for the project area; image courtesy of the DOGAMI LIDAR viewer website.

Figure 3b: LIDAR image for the project area and surroundings, elevation contours provided; compare with Figure 3a.
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Figure 4: Soils map for the project area; courtesy of the Natural Resources Conservation Service (NRCS) website. The Templeton-Klootchie
complex includes silty-clay soils with variable amounts of intermixed weathered basalt. Slopes are generally less than 30 percent.
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Figure 5: Geologic hazard map, after Schlicker and others (1972) on top, and bedrock geologic map for the Wheeler vicinity after Wells and
others (1995) on bottom. On top, triangle pattern denotes hummocky landslide landforms and toothed dashed line is the boundary for a large
landslide. The interpretation of landslide is based on aerial photo interpretation and is prone to error. This slide is not supported by LIDAR
interpretation. On bottom, mudstone of Eocene to Oligocene Nestucca Formation (Tn) is invaded by Grand Ronde lavas of the Miocene Columbia River Basalt Group (Tigr). Faults (dark dashed lines) are inferred to cut the mudstone bedrock. Folds in the strata are indicated by
converging and diverging arrows. Landslides (Qls) mantle much of the mudstone hills.
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Figure 6: Known and inferred landslide terrain in the project area, based on previous field work and landform interpretation using LIDAR
imagery in Figure 3. Known landslide movement occurred around 1999-2000 and was triggered in part by heavy rainfall of the La Nina
weather pattern of 1998-99 and by inappropriate filling of creek drainages for roads and homesites. Rumor has it that the remains of an old
school that was destroyed by fire may have been buried inside the blue hatched area, but evidence of this has not been discovered.
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Figure 7: Observations of structural damage from weak soils and poor design and construction. The campus area is free of significant landslide damage or indications. Problems appear to be related to poor ground preparation, weak soils, poor wall design and construction, or uneven settlement of soil fills. Locally steep slopes in excess of 50 percent should be avoided or mitigated with piling foundations. It is unknown whether or not depressions such as creek drainages have been filled.
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Figure 8: Tsunami inundation models for the west end of Wheeler. The campus is well above worst-case tsunami runup.
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Figure 9: Cinder block wall bulging into the basement room, causing the mortar to split and the wall to lean in against the
wood shelving. Mortar in the block wall has been repaired at least twice. The wall appears to be settling vertically, as well,
based on the tapered cracks in the mortar, indicating weak soil conditions beneath the wall and floor.
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Figure 10: Style of cracking indicates maximum settlement at the left (northeast) end of the wall.

Figure 11: The floor has cracked and tipped to the right, tipping causing the slab to rise beneath the carpet by at least one inch (band of rippled carpet). This deformation is caused by excessive loads pushing down the soils beneath the northwest wall (on right). Either the soils are
weak or the footings are undersized.
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Figure 12: The addition at the northeast end of the building has settled into weak soils, this tapered crack indicating that settlement is greatest
in the left side of photo. The wall also leans back to the southeast a small amount.

Figure 13: Settlement due to internal drainage of groundwater along the contact between concrete and asphalt. Soils likely have not been
compacted adequately and drainage controls have not be installed. Possibly, the concrete has tipped downslope a small amount.
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