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December 17, 2008
Job No. UH6AA

Navarro-by-the-Sea Center
PO Box 1710
Mendocino, California 93460

Attention: James Martin

Re:  Geotechnical Engineering and Geologic Considerations
Navarro-by-the-Sea Center — Albion, CA

Gentlemen:

This report summarizes opinions concerning the geotechnical engineering and geologic
conditions at the site of the Navarro-by-the-Sea Center at the mouth of the Navarro River
near Albion. California. The center site is illustrated on Figure 1.

Opinions expressed in this report are based upon & collaborative evaluation of the site
made by Jensen-Van Lienden Associates and Joyce Associates, geologic consultants.
The scope of this evaluation included examination of and analyses from previously
developed data regarding the site soil conditions, separate site examinations made by our
personnel and those of Joyce Associates, interpretation of stereopair area photos and
review of historie and published geologic information.

Joyce Associates prepared a separaic discussion of the site geology and the issues
presented by the sitec geology and topography for the project. This discussion is
presented as a report in Appendix A.

SITE DESCRIPTION AND GEOTECHNICAL CONDITIONS

The Navarro-by-the-Sea Center historic buildings are located on a sand bar/stream terrace
along the southeasterly side of the Navarro River, near the point where the river
discharges into the Pacific Ocean. The terrace is relatively level beneath and in the beach
area at the front of the buildings; the elevation change between the around at the building
front and the edge of the Navarro River was no more than a few feet on May 22, 2008,
when we examined the site.

The rear of the buildings abuts the base of a hillside that rises moderately steeply to the
top of bluffs adjacent to the river and the coastline.  The hillside inclination varies
somewhat. averaging about 1-1/2 horizontal to | vertical.
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The stream terrace opposite the buildings is sparsely covered with grass and native,
woody plants and trees. In contrast, the hillside is densely overgrown with vines. brush
and trees.

Bauer Associates. Geotechnical Consultants, drilled four test borings close 10 the four
comers of old motel building. Borings 3 and 4, near the front of the motel were drilled
into the stream terrace and encountered a minor amount of fill over approximately 12 feet
of loose silty sand. The silty sand overlies medium stiff-to-stiff’ sandy clay, which
persisted to the maximum as-drilled depth (approximately 20 feet in test boring ).

Borings | and 2 were drilled near the motel rear comers. These borings encountered a
minor amount of silty sand and sandy ¢lay soil resting on sandstone (sedimentary rock}.
Rock also outcrops in excavations behind both buildings as well as in the excavation
above the beach park access road southwest of the site.

Groundwater migrated into all four of the Bauer Associates borings. They measured the
level to which the groundwater accumulated; the measured level ranged from about Yz
foot 1o 2 feet below the ground surface, i.e. the soils beneath the buildings are essentially
fully saturated.

We understand that the project envisioned restoring the building(s) 10 their original,
historic condition, and utilizing the restored building(s) as a visitor and rescarch center,
Thus. one or both buildings would be occupied during much of the workweek.,  We
anticipate the restoration work will include construction of new  foundations;
recommendations for the foundations are given below.

GEOTECHNICAL CONCLUSIONS AND DISCUSSION

1. Liguelaction

As mentioned. the Bauer Associates’ borings show the buildings are underlain by
silty sand. This soil is probably similar to that exposed on the ground surface
throughout much of the stream terrace, and along the beach adjacent to the river.
The borings also show that the sand thickness bencath the motel increases with
distance towards the river: the base of the upslope marks the edge of the stream
terrace. 1t is rensonable to expect that the silty sand layer continues to increase in
thickness towards the river, and it is conceivable that it is many tens of feet thick
beneath the river itself.

The sparse Bauer Associates data suggest that the silty sand has a loose
consistency (i.e. a low relative density) and they confirmed that it is saturated by
sroundwater. Loose, low density saturated sands and silty sands are susceptible
to being liquefied if subjected 1o repeated shocks generated by a moderate
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earthquake with a source region near the site or a much larger earthquake with a
more distant origin,

Liquefaction is the transformation of reasonably firm soil, having measureable
strength and foundation bearing capacity, to a medium resembling a thick, viscous
fluid possessing little or no shear strength and foundation bearing capacity.
Liquefaction is a transicnt condition; drainage from the liquefied zone following
cessation of the earthquake usually restores the sand to its original strength and
supporting characteristics in a matter of minutes or hours. The mechanics of this
transformation have been intensively researched and therefore are well known;
they are not discussed in detail herein.

There is a reasonably high probability that the site will be subjected to an
carthquake with a magnitude large enough to create liquefaction in the site silty
sand. Therefore, in our opinion the associated liquefaction risk should be
considered as part of the overall project planning.

We conclude that liquefaction could pose two potential hazards for the building(s)
and the building occupanis. These two hazards are discussed in following
paragraphs,

As mentioned, liquefaction would substantially reduce the capacity of soil 1o
support the building foundations. The soils directly beneath the foundations could
then fail in bearing; bearing failures would cause the building(s) to experience
large total and differential foundation settlements. While such settlements could
damage the building(s), in our view, it is unlikely that they would cause the
building to collapse and is therefore not a life safety issuc. Furthermore. stiffening
the foundation system, as discussed in more detail below, can, we believe, lessen
damage from this hazard.

The other hazard is described by the term “lateral spreading”™. Because the
liquefied soil has very low strength, there could be a tendency for the ground
beneath the building(s), and the stream terrace as a whole, 10 move laterally
owards the river channel after the silty sand liquefies, either before the
earthquake ground motions stop or subsequently. This lateral movement should
be minimized somewhat by the relatively flat inclination of the slope between the
building fronts and the edge of the river, but the expericnee at other sites in other
carthquakes indicates that even a liqueficd area of modest slope can shifi laterally,
particularly if the ground motions are strong enough to accelerate the liquetied
zone in the downslope dircction (i.e. towards the river in this case). Lateral
spreading is thus akin to a landslide that moves laterally on a nearly level failure
surface. Judging from our site observations, and the Bauer Associates boring
data, lateral spreading at the subject site is a real possibility.
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Lateral spreading presents a lifc safety issue for the occupants of the building(s),
if the lateral spreading movements were large enough to carry the building(s)
some distance towards the river and if the foundation system is inadequately stiff’
and strong enough 1o prevent the building(s) from being structurally damaged by
the movements. We believe this hazard can be mitigated sufficiently by
constructing stiff, shallow foundation systems that would allow the building(s) to
remain intact even if liquefaction and post-liquefaction lateral spreading and
differential settlement were to occur. Such a system would enable the building(s)
to rermnain relatively intact such that the occupants could safely exit the building
following the earthquake.

Design criteria for a shallow and stiff foundation sysiem are given in the
Recommendation section.

Although the shallow stifl’ foundation system would, in itsell, mitigate the life
safety hazard, it is likely that the building(s) would not be salvageable il
significant lateral spreading movements do occur. Unless the building(s) are
restrained from moving if the lateral spreading occurs. Completely protecting the
buildings from structural damage or even complete loss of use would require
either treating the soils beneath in the vicinity of the building(s) to eliminate their
liquefaction potential and/or to support the building(s) on deep foundations
designed 1o accommodate forces associated with liquefaction lateral spreading.
As an alternative (o these expensive approaches, we suggest the building(s) be
restrained by extending the rear foundation(s) into the site rock, effectively
pinning the buildings to the rock at the base of the upslope. Specific criteria for
this deepening are given below,

Culifornia Building Code Seismic Design Criteria

The site latitude is 39.19 degrees north and the site longitude is 123.76 degrees
west.

We estimate that the site short period spectral acceleration is 1.581g. and that the
site 1-second period spectral acceleration is 0.800g.

Given the proximity of rock bencath the site, particularly at the rear of the
buildings, we estimate that the site class as defined in the California Building
Code is C, or possibly D, If the renovation includes seismic structural upgrading,
we suggest Class C for design, despite the liquefaction potential. Liquefaction of
the underlying soils would theoretically damp the eround motions transmitted into
the building(s) somewhat; because liquefaction cannot be predicted with 100%
certainty, the building(s) should be designed for the seenario where liquefaction
does not oceur (i.e. with Class C).
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RECOMMENDATIONS
Foundations

On the basis of the discussion given in the Conclusion and Discussion section of
this report, we recommend that the renovated building(s) be re-supported upon
spread footing foundation system(s). Footings should be made continuous around
the perimeter of the structure(s), and be beneath interior bearing walls and new
shear walls, if any.

In addition. continuous tic beams should be constructed to structurally connect the
new footings. We recommend tie beams have spacings on the order of 15 feet.
These tie beams should be constructed in both directions, i.e. parallel and
perpendicular to the building long dimensions. These tie beams can be
conventionally reinforced. Interior footings that are installed to support bearing or
shear walls can be substituted for the tic beams. The intention of the tie beams is
to connect the supporting footings with a grid system that provides rigidity and
stiffness to the entire foundation system.

We recommend bearing footings be designed for an allowable bearing pressure of
1000 pounds per square foot for dead plus live loads. This value may be
increased by the usual one-third factor to account for seismic loads. Regardless of
the actual developed bearing pressures, we recommend that footings have a
minimum width of 18§ inches.

If lateral spreading beneath the building(s) is initiated, the laterally moving
eround could transport the buildings northwesterly towards the river. The state of
ecotechnical engineering practice has not reached a point where accurate
predictions of the total deformation the laterally spreading ground could undergo.
However. order of magnitude estimates can be made; using the Bauer Associates
data, we judge the movements could be large enough to shift the building{s) from
their current {and future) sites several feet, possibly rendering them unusable for
their intended purpose. Nonetheless, supported on foundations designed as
recommended, we believe the building(s)would still be largely intact. at least to
the extent that occupants could safely exit.

In our opinion, these potential building lateral movements can be prevented, or at
least minimized to a large extent, by deepening the continuous footing supporting
the building(s) rear walls into the rock that underlies the site.  The rear wall
footings would then pin the building(s) to the stable rock at the rear, and act to
anchor the building(s). preventing them from shifting laterally as the underlying
soil liquefics and laterally spreads. Drilled piers could also be used to pin the
building to rock as well,
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