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August 7, 1996

Beachcrest Community Association
8846 51st Avenue
Olympia, Washington 98516

Attn: Mr. Cullen Wilder

RE: MITIGATION OF LANDSLIDES AND UNSTABLE GROUND CONDITIONS
AT BEACHCREST COMMUNITY, OLYMPIA, WASHINGTON

This letter presents the results of our studies of the recent landslides and unstable ground
within the Beachcrest Community in Olympia, Washington. It also presents conclusions
and geotechnical recommendations for stabilizing measures at the observed landslides and
general recommendations regarding surface and subsurface drainage to increase stability at
other locations. The scope of our services included evaluating landslides and signs of
instability along the Marina Access Road, Main Beach Access Road, and the Beach Road.
We also evaluated the suitability of the existing surface drainage, the effects of septic
systems; and potential changes in stormwater runoff caused by recent developments south of
the Beachcrest Community .

Our work was authorized by Mr. Robert L. Morasky on July 10, 1996_ We have
performed our work in general accordance with our proposal dated May 7, 1996.

BACKGROUND

The Beachcrest Community is located south of the Nisqually Reach of Puget Sound as
shown on the Vicinity Map and Site Plan, Figure 1. It includes residential development
above the bluffs along Puget Sound, a boat basin with docks, and two access roads to the
beach and boat basin. The bluffs rise about 80 to 110 feet above the beach. From the bluff
tops, the ground slopes up to a maximum elevation of about 230 feet at the south end of the
development, which is about 3,500 feet south of the bluff tops.
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A deep ravine cuts through the middle of the development, extending from the beach to a
community park south of 51st Avenue N.E., or about 2,000 feet south from the beach. The
ravine slopes generally are steep, with reported active landslides on both east and west
sides. A spring-fed stream reportedly flows year-round through the ravine. At the time of
our visit, we visually estimated that the stream was flowing about 200 to 300 gallons per
minute. Numerous springs feed the stream at the southern end of the ravine, adjacent to the
community park located north of 51st Avenue N.E. and between Carole Drive N.E.- and
Beach Way N.E. Several old, unused spring boxes, pipes, and other water collection

features are present in the ravine.

The Beachcrest Community is bounded by two other ravines to the east and west,above the
East Cabana' and Boat Basin, respectively. These ravines extend about 500 to 800 feet
upslope from the beach. Further to the south, the ground adjacent to the Beachcrest

Community generally has gentle to moderate slopes.
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Published geological literature suggest that the Beachcrest Community is underlain by
Pleistocene Vashon recessional outwash above the bluffs. Older pre-Fraser nonglacial
sediments are present below the recessional outwash and in bluffs and ravine slopes. The.
recessional outwash deposits consist of interbedded, generally loose sand and gravel.

Cobbly gravels and cobble beds are present at some locations. The underlying pre-Fraser
nonglacial sediments consist of gravel, sand, sandy silt, silt and clay. These sediments
typically become finer grained in an upward sequence. They commonly grade from sandy
and locally gravelly deposits near the base of the bluffs, to silty and locally clayey deposits

where the unit is overlain by the recessional outwash. The sandy silt and silt deposits are
locally carbonaceous and contain numerous wood fragments. The depositional sequence
appears to have a fluvial (flowing water) origin with a shift from channel to overbank
deposits with time. The pre-Fraser nonglacial soils were overconsolidated by the
subsequent Fraser glaciation.

Springs feeding the stream located in the central ravine are apparently located where
recessional gravels overlie less permeable, older nonglacial sand, silt, and clay. Numerous

smaller springs and seeps are present in the slopes underlain by the pre-Fraser sediments.

B-1014-Ol
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These typically occur where sandy, more permeable soil is underlain by silty or clayey, less

permeable soil.

The following sections describe our observations, conclusions, and recommendations for
specific locations or issues that the Beachcrest Community Association requested that we
evaluate. Figure 1 shows the approximate locations of these features and areas. They
include:

•. Marina Access Road: Evaluate and recommend repairs for the existing landslide
and measures that could be undertaken to reduce future problems.

•. Main Beach Access Road: Evaluate and recommend repairs for the existing
landslide and measures that could be undertaken to reduce future problems.

•. Beach Road between the East and West Cabanas: Evaluate repair measures that
could be adopted to reduce the continuing cost of cleaning landslide debris from
the road.

•. Effects, if any, of septic systems on the landslide hazard.

~ Effects, if any, of the drainage practices of developments south and west of
Beachcrest on slope stability.

•. Effectiveness of the existing stormwater drainage measures at Beachcrest.

We understand that the Beachcrest Community Association is interested in providing
inexpensive solutions to the stability problems. To achieve these solutions, we also
understand that the Association is willing to implement solutions that may require some
future maintenance.

Marina Access Road Landslides

The Marina Access Road is located on the west side of the Beachcrest Community

Development. From the Beach Road, the Marina Access Road rises about 100 feet over a
distance of about 800 feet to its intersection with Beverly Drive N.E. The road is asphalt

B-1014-0l
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paved and is about 10 to 12 feet wide. It appears to have been constructed partially on a

road cut and partially on sidecast fill.
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Surface water is conveyed in a shallow ditch along the west (downslope) side of the Marina
Access Road. The ditch is not protected from erosion, resulting in a steep-sided ditch,
6 inches to 2 feet deep and 1 to 2 feet wide, directly adjacent to the asphalt pavement.
Continued erosion in the ditch could undermine the road. Approximately 300 feet from the
intersection of Beverly Drive N.E., the water is conveyed under the road in a culvert to the
east (upslope) side of the road. At that point, it enters a curtain drain that reportedly

consists of a trench filled with rounded gravel and a perforated pipe near the bottom of the
trench. The depth of the curtain drain is not known. Several drainage lines from individual

houses discharge into the curtain drain between the culvert and its discharge point,

approximately 500 feet downslope at the beach. A 12-inch, corrugated black plastic pipe
was visible near the surface along portions of the curtain drain. At some locations, the
plastic pipe was partially crushed. In addition, a 16- or I8-inch corrugated metal pipe
(CMP) culvert enters the curtain drain about 200 feet from the intersection with the Beach
Road. During our field reconnaissance, we could not determine whether this CMP culvert
discharges into the curtain drain, or at some other point.

The Marina Access Road currently is closed to vehicle traffic because of a landslide that
occurred this winter, approximately 200 to 250 feet from the intersection with the Beach
Road. The landslide apparently moved rapidly, cutting to the centerline of the road over a
width of about 30 feet. The slope length of the landslide scar is about 50 feet, extending

from the road elevation to the bottom of the ravine to the west. Debris from the landslide
was deposited at the bottom of the slope. Additional landslides with displacements ranging
from less than 1 inch to about I foot are present along portions of the road between the
culvert crossing and the intersection with the Beach Road. These smaller landslides all
appear to be within the sidecast road fill. These landslides reportedly have been moving for
a number of years. We understand the Beachcrest Community's primary concern is that the
road remain passable to pedestrians. The Community would like to restore the road for
vehicle traffic, but as a secondary road.

B-I014-Ol
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Based on these observations, we recommend the following:

1. The recent landslide could be repaired with a loose-dumped fill of quarry spalls
that meets the Washington State Department of Transportation (WSDOT) and
American Public Works Association, 1994 Standard Specifications for Road,
Bridge, and Municipal Construction specification 9-13.6. This material consists
of a well-graded mixture of gravel- and cobble-sized, angular, broken rock. The
quarry spalls should be relatively clean, such that the flow of groundwater will not
be impeded. The entire landslide scar should be filled with the loose-dumped
quarry spalls, restoring both the roadway and a minimum -l-foot-wide shoulder.
The fill should extend from the roadway to the toe of the slope. Based on
approximate field measurements with a tape and pocket transit, we estimate that
approximately 400 cubic yards of fill material will be required to restore the
roadway and shoulder.

This repair method involves relatively modest quantities of material and labor: and
is easy to complete. However, because the fill is loose-dumped, some settlement
will occur over the years. We anticipate that settlements will occur at higher rates
during the first year and, in particular, during the wet season. To reduce
settlements, we recommend compacting the upper 6 to 10 feet of the fill. Because
of the small area involved, this compaction could be accomplished using a
"Hoepac" type compactor. To accommodate the expected settlement, it may be
advisable to initially surface the repaired area with crushed rock. After one or
two years, the surface could be releveled and paved with asphalt concrete.

~.

To prevent most settlement would require that the fill be placed in compacted
lifts. Because of the steep slopes and small area of the landslide scar, placing the
fill in compacted lifts would require a larger construction area, and consequently
more materials and effort. We can provide specific recommendations for this
level of service if the Beachcrest Community wishes.

2. The smaller, Slow-moving landslide areas could be repaired by leveling the
pavement as necessary for passage. However, we understand that these areas
have been moving for a number of years. Should you wish to reduce future
settlements and reduce the risk of catastrophic failures, we recommend that you
repair these areas by excavation and replacement of the sidecast roadfill with a
compacted fill placed on a dense, unyielding native subgrade surface.

3. In our opinion, the curtain drains likely contribute to the slope instability.
Therefore, the recommendations described in the Stormwater Drainage section,
pertaining to runoff and the curtain drains, should be implemented along the

B-I014-01
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Marine Access Road. Also, the discharge point of the 16- or 18-inch CMP
culvert should be determined and corrected if necessary.

Main Beach Access Road

The Main Beach Access Road is located on the east side of the main ravine in the
Beachcrest Community Development. From the Beach Road, the Main Beach Access Road
rises about 130 feet over a distance of about 800 feet to its intersection with Beach Way
N.E. The road is asphalt paved and is about 15 to 17 feet wide, with a raised curb on the

downslope side. It appears to have been constructed partially on a road cut and partially on
sidecast fill.

Surface water is conveyed in a shallow ditch along the east (upslope) side of the Main
Beach Access Road that extends about 130 feet from the gate at the top of the hill. At that
point, it enters a curtain drain that reportedly extends to and discharges at the beach. The
depth and condition of the curtain drain is not known. Portions of the curtain drain appear
to be covered with fine-grained soil and vegetation. This material can reduce the
permeability and therefore the effectiveness of the curtain drain. A culvert reportedly

conveys stormwater runoff from Crestview Loop N.E. into the curtain drain. Also, several
drainage lines from individual houses discharge into the curtain drain.

We observed four landslides along the Main Beach Access Road. Three of the landslides
apparently occurred this winter, and one occurred previously and has been repaired. For
the most part, these landslides occurred in sidecast fill material. These landslides included
(refer to numbered slides on Figure 1):

1
I

1. About 130 feet downhill from the gate, a recent landslide has caused 6 to
12 inches of setdown downslope from the centerline of the road. Figure 2 shows
the approximate dimensions of the landslide and the location of a hand boring
made by Shannon & Wilson to evaluate the thickness of the sidecast road fill.
Figure 3 presents a log of the hand boring. The Unified Classification System, as
described on Figure 4, was used to classify the soils encountered in the hand
boring. Loose to medium dense, slightly silty to silty, gravelly sand and sand fill
material was encountered from the surface to about 9.5 feet deep. The fill

•
I

B-IOI4-01



I,
I
;,;

I,
,,-t·
:~

I
I
II
II
I
I

"•
II

••
I
I
I
I

Beachcrest Community Association
Attn: Mr. Cullen Wilder
August 7, 1996
Page 7

SHANNON sWILSON. INC.

material was underlain by a buried topsoil, consist of about 1 foot of loose,
slightly sandy silt with abundant wood fragments. Dense to very dense, slightly
silty sand was present under the buried topsoil. Groundwater was observed at
about 10 feet below the surface.

2. A small landslide occurred m the shoulder below the road about JUU teet trom the
gate. The landslide is about 15 to 20 feet wide, with a 5- to 6-foot-high scarp. It
does not currently affect the road; however, the scarp cuts almost to the edge of
the road.

3. A shallow surficial landslide occurred above the road near the end of Crestview
Loop N.E. Debris from the landslide apparently partially covered the road and
also crossed the road causing erosion or a small landslide on the downhill side of
the road. The road is not currently affected, and about 5 feet of the shoulder
remains. The shallow surficial landslide has been planted in an attempt to reduce
future erosion and possible future movements.

4. A previously repaired landslide is located about 600 feet from the gate. It was
repaired by constructing a gabion basket wall from the base of the slope to about
5 feet below the road level. The wall is about 80 feet wide and 25 feet high.
.The asphalt patch indicates that the total width of the landslide at the road level
was about 60 feet long. Based on the condition of the pavement, the repair
appears to be functioning adequately.

Based on these observations, we recommend repairing the uppermost landslide that has
caused setdowns in the road and also the landslide, located about 300 feet from the gate.
The second landslide does not currently affect the road; however, erosion and progressive
landsliding could affect the road in the future.

In our opinion, the landslides could be' repaired by replacing the loose to medium dense
sidecast fill material with a well-drained, reinforced, soil fill. Gabion baskets or a
geosynthetically reinforced, compacted granular fill are two examples of reinforced soil
fills. The new fill should be founded on dense, non-organic, unyielding, native ground.
Based on the hand boring made in the uppermost landslide, the sidecast fill extends about
10 feet below the road surface at the road edge. Also, drainage should be provided behind
the reinforced fill. The new fill should extend about 10 feet to either side of the observed

distressed pavement or limits of the landslide scar. We recommend that the specific design

B-1014-01
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of the repairs be left to the contractor, and the design be reviewed by an experienced
geotechnical engineer prior to construction. Also, the subgrade should be evaluated by the
engineer before placing fill material or constructing gabion baskets.

In our opinion, the curtain drains likely contribute to the slope instability. Therefore, in
addition to these specific landslide repairs, the recommendations described in the
Stormwater Drainage section of this report, pertaining to runoff and the curtain drains,
should be implemented along the Main Beach Access Road.

~
k

'I
1

t

JiI
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Beach Road

The Beach R~ad is at the base of a steep bluff ranging in height from about 80 to 100 feet.
We understand that landslides and slope erosion commonly deposit material on the Beach
Road, requiring continual cleanup. Also, bluff retreat is threatening some residential yards
and may affect some homes.

Improving stability of the entire bluff would be a costly undertaking, which likely would
still present some future risk of ongoing instability due to the natural processes causing bluff
regression, i.e., rainfall, wetting, drying, freezing, thawing, groundwater, surface water

runoff, etc. Therefore, to reduce but not eliminate regression, we recommend
implementing the measures described in the following section, Stormwater Drainage. In
particular, we stress the following:

~ All residential surface water runoff, including gutter drains, should be conveyed
in tightlines that extend to the toe of the slope. Streams, sheetwash, and other
uncontained surface water should not be allowed to flow over the bluffs.
Regularly inspect, test, clean, and maintain stormwater drains.

~ Water lines, including irrigation systems, should be inspected regularly to detect
leaks.

~ Avoid heavy irrigation of lawns and gardens above the bluffs.

B-1014-01
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~ Where possible, plant and encourage plant growth with a deep root system on the
bluff slopes.

A sediment catchment wall could also be built along the Beach Road to reduce the amount
of material deposited on the road that is derived from erosion and small landslides
originating in the bluffs. An ecology block wall, similar to the one located west of the
Main Beach Access Road, could be effective. If a wall is built, it should be accomplished
in a manner that does not require permanent excavation at the toe of the slope. We
recommend that an experienced geotechnical engineer review the Contractor's plans before
such a wall is built. Also, we note that such a wall will not contain larger landslides and
could be displaced onto the road by larger landslides. Periodic cleaning would be required
as material accumulates behind the wall.

Septic Tanks at Beachcrest

We evaluated the effects of the existing septic systems on slope stability by estimating the
amount of additional water they contribute to the groundwater. We estimated the average
equivalent rainfall that would be required to equal the septic tank discharge based on the
following assumption:

~ Each septic tank is located on 1/3 of an acre.

~ Three people live in each house.

~ Water consumption during the winter is approximately 60 gallons per person per
day.

~ Only winter use is significant.

Based on these assumptions, we estimate that the average equivalent rainfall is about
0.02 inch per day. Our previous experience with landslides in the area is that they occur
following several days of rainfall with an average rate in excess of 1 inch per day.

Therefore, we conclude that the septic tanks generally do not have a significant effect on
slope stability.

B-I014-Ol
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We envision one circumstance where a septic system could affect slope stability. This could

occur where the septic system discharges into a pervious material that is narrowly confined
both laterally and vertically. If this confined zone then intersects a steep slope, the affected
groundwater flow could possibly cause destabilizing conditions. If these circumstances are
present, we anticipate that they would also cause localized seepage of septage or gray water

that may continue all year. If these conditions are suspected, dye tests or other testing
should be conducted to identify seepage from specific septic systems. These septic systems

could then be repaired and/or replaced.

Developments South and West of Beachcrest

i

We expect that the effects of additional stormwater runoff, and infiltration into the
groundwater from developments to the south should be small. The reasoning is similar to

our analysis of the effects on groundwater caused by the septic systems in the community
that is, the expected small development-related increases in infiltration would be masked by
normal infiltration during storms.

Even if the amount of water infiltrating to groundwater is larger than we expect, the effects
at Beachcrest should be small. The developments south of Beachcrest are underlain by

recessional outwash. Because the underlying pre-Fraser nonglacial sediments generally are
finer-grained, we expect that most additional infiltration that might occur from drainage and

stormwater disposal practices south of Beachcrest would be contained in the more
permeable recessional outwash. Most of the stability problems at Beachcrest appear to be
in slopes underlain by the pre-Fraser nonglacial sediments, which should not be affected by
additional infiltration into the recessional outwash. Also, based on our research and
reconnaissance, most groundwater from the recessional outwash discharges into the
numerous springs that feed the stream at the upslope end of the main central ravine in the
Beachcrest Community. We expect that adjacent ravines may have similar springs and
seeps discharging groundwater to streams. The slopes in the vicinity of the springs at
Beachcrest appear to be relatively stable. Groundwater in the relatively narrow ridges that
extend south of the springs, likely is locally derived; that is, from rain falling on the ridges
infiltrating through the soil.

B-1014-01
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In our opinion, developments that may affect groundwater to the east or west of Beachcrest
should not affect slope stability at Beachcrest. Groundwater flow in the area is generally
towards the north. Therefore, an increase or decrease in groundwater levels to the east or

west should not significantly affect groundwater levels at Beachcrest.

Stormwater Drainage

Effective storm water drainage should help reduce slope stability problems in the Beachcrest.
Community. Existing areas where storm water drainage could be particularly effective
include the Marina and Main Beach Access Roads, and areas adjacent to steep bluffs.
Effective storm water drainage should collect runoff from roads, roofs, and other low

;

permeability areas. The collected runoff should be conveyed to the base of the slope in
lined surface ditches or unperforated pipes (tightlines). Where tightlines are used, the

discharge points should be positioned away from the toe of the steep slopes and protected
against erosion. Surface ditches should be lined to prevent erosion and infiltration.

I
I.

I

•
I
II

We understand that several curtain drains are present in the Beachcrest Community,
including along the upslope sides of the Marina and Main Beach Access Roads. These
drains could be effective in collecting near-surface groundwater, which could help to
improve stability of slopes. However, if surface water is allowed to flow into the curtain
drains, they could also act as infiltration trenches that could decrease stability. Therefore,
we recommend that the existing curtain drains be modified to prevent collection of
storm water runoff and other surface water. This could be accomplished by covering the
curtain drains with a relatively impermeable soil or asphalt concrete. If a surface water
ditch is constructed above a curtain drain, we recommend that it include both a low
permeability soil layer and asphalt concrete. The asphalt concrete should provide the
desired containment and erosion protection. The soil should effectively prevent infiltration
through cracks in the asphalt. Tightlines and culverts should not be allowed to discharge
into the curtain drains .

For the curtain drains to provide effective subsurface drainage, if modified as described
previously, they should contain granular material that is relatively free from fme-grained

B-IOl4-01
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material, and should extend to a sufficient depth to intersect groundwater seepage. Also,
they should be designed as filters to prevent piping of the surrounding soil. The scope of
our work did not include evaluating the depth and condition of the curtain drains. We did
observe during our field reconnaissance, weeds and fine-grained soil covering the curtain
drains in some locations. This cover could lead to siltation and blockage of the granular

material in the drains. Therefore, we recommend that the Beachcrest Community
Association determine the dimensions and condition of the curtain drains .

In addition to the foregoing, we recommend the following general practices to improve

slope stability:

~ Maintain suitable vegetative cover on slopes to reduce erosion. It takes several
years to establish a root system. Therefore, landscaping should be accomplished
in stages to reduce areas without established root systems. We can provide -
assistance in selecting appropriate vegetation, mulching, and erosion control
practices to improve stability.

~ Install drainage improvements to intercept groundwater and reduce erosion from
surface runoff. Trench subdrains can be effective in intercepting groundwater.
Lined ditches can be used to divert runoff from slopes.

~ Connect all storm drains (including downspouts) to tightlines that carry the water
to the base of the slope. The discharge points should be positioned away from the
toe of steep slopes and protected against erosion.

~ Frequently check storm drains to make sure they flow freely and that they
discharge to the base of the slope. Regularly clean and maintain all drain lines.

~ Generally avoid modifications to existing steep slopes. Slope modifications that
are made should be accomplished in a manner that enhances stability, with advise
obtained from a qualified geotechnical engineer.

CONCLUDING REMARKS

Notwithstanding the conclusions and recommendations given in this report, any such site
located on or near a slope and underlain with loose soils over dense or hard soils with low

B-1014-01
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Beachcrest Community Association
Attn: Mr. Cullen Wilder
August 7, 1996
Page 14

SHANNON &WILSON.INC.

If you have any questions regarding this letter, or if we may be of further service to you l

please call us.

Sincerely,

SHANNON & WILSON, INC.

( EXPIRES: h;") e Iq. (; ]-~":':"':"':::.::!.L_~_

Christopher A. Robertson, P.E., C.E.G.
Principal Engineer

CAR:TEKldgw

Enclosures: Figure 1 - Vicinity Map and Site Plan
Figure 2 - Main Beach Access Road Landslide Sketches
Figure 3 - Log of Hand Boring HB-l
Figure 4 - Soil Classification and Log Key (2 sheets)
Important Information About Your Geotechnical Report

BI014-01.LTRJBIOl4-1kd/dgw
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MATERIAL DESCRIPTION

Surface Elv.: Approx. Feet

.; <n .; Porter Penetration ResistanceLI.. (3 ~ ""0,- LI..
.c C II) (40 lb. weight, 18" drop).2
E

0. ::I .•.• .!:•... E ~3 •...
A Blows per 6"0. >- 10 0.

II) (/) (/) (I)

20 40 600 0 0
Loose to medium dense, brown, silty,
gravelly SAND to silty, sandy GRAVEL;
dry to moist; (Fill); SM.

L-------:-:-:----,c----::--:::-::-:-:-:=------j 4.5
Loose, brown, slightly silty, fine SAND;
moist; (Fill); SP-SM.

L ~-__:_----:-----:-;-:--_;_;_::_-:--__j 7.5
Loose to medium dense, brown, silty, fine
gravelly SAND; moist; (Fill); SM.

10.5

11.5

: ~.
'. '1
: i:ft-

" '1:d

-"-
2

->-

3

4

-e-

6

--
6

->-

7
~

--
B
--

9 _L-

i· .

; .

i6 -..:~ '--'._-'--. -_._--...-----;.-------.

i . ;

1_ : ..

- I .
8 ~ __~i -' •..,..•...-, ..--+..-- ---.---- .

10 ..~.~.~..... --.-.-.----.-- ...~--.- ....-- ..- ..
i'.. _,

• 50/3."
50/4.

12r·--,..·-·····,·····..-·..~- · · - ..+ -- - '''''''''1

14

Ol

§
.;:
0 16
Ol

.§
::J
0

18

LEGEND

Sample Not Recovered
Water Level
1.5" 0.0. Split Spoon Sample

NOTES

Surface Seal
Annular Sealant
Piezometer Screen
Grout

1. The stratification lines represent the approximate boundaries between
soil types. and the transition may be gradual.

2. The discussion in the text of this report is necessary for a proper
understanding of the nature of subsurfece materials.

3. Water level, if indicated above. is for the date specified and may vary.
4. The Porter penetration resistance in blows per 6 inches correlates

approximately to the Stand••rd Penetration Resistance in blows per foot.
5. Refer to KEYfor explanation of 'Soil Log' symbols.
6. use letter symbol based on visual cleseification.

o 20 40 60
• % Water Content

Plastic Limit I • I Liquid Limit
Natural Water Content

Beachcrest Community Landslides
Olympia, Washington

LOG OF HAND BORING HB-l

August'996 B-1014-01
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Shannon & Wilson, Inc., uses a soil
classification system modified from the
Unified Soil Classification (USC) System.
Elements of the USC and other definitions

j are provided on this and the following page.
Soil descriptions are based on visual-

I
manual procedures (ASTM 0 2488-93)
unless otherwise noted.

S&W CLASSIFICATION

:1
OF SOIL CONSTITUENTS

• MAJOR constituents compose more than 50
percent. by weight, of the soil. Major

l constituents are capitalized (SAND).

• Minor constituents compose 12 to 50 percent
-:.•..

:~ of the soil and precede the major constituents
r

'1
(silty SAND). Minor constituents preceded by
'slightly' compose 5 to 12 percent of the soil

1
(slightly silty SAND).

;

I • Trace constituents compose 0 to 5 percent of
the soil (slightly silty SAND, trace of gravel).

'.

J
;

MOISTURE CONTENT DEFINITIONS

Dry Absence of moisture, dusty, dry to
the touch •

I Moist Damp but no visible water

Wet Visible free water, from below water
table

,J
ABBREVIATIONS

J
ATD At Time of Drilling

Elev. Elevation

ft feet -

I HSA Hollow Stem Auger

10 Inside Diameter

in inches

I Ibs pounds

Mon. Monument cover

I
N Blows for last two s-inch increments

NA Not Applicable or Not Available

00 Outside Diameter

I OVA Organic Vapor Analyzer

PID Photoionization Detector

ppm parts per million

I PVC POlyvinyl Chloride

SS Split Spoon sampler

~

SPT Standard Penetration Test

USC Unified Soil Ctassitication

Wli Water Level Indicator

I

GRAIN SIZE DEFINITIONS
~"

"

'.' I····
DESCRIPTlON SIEVE SIZE

",.

FINES < #200 (0.08 mm)

SAND'
o Fine • #200 - #40 (0.4 mm)
• Medium • #40 - #10 (2 mm)
• Coarse • #10 - #4 (5 mm)

GRAVEL'
o Fine • #4 - 3/4 inch
• Coarse • 3/4 - 3 inches

COBBLES 3 -12 inches

BOULDERS > 12 inches

• Unless otherwise noted, sand and gravel, when present,
range from fine to coarse in grain size.

RELATIVE DENSITY I CONSISTENCY

COARSE-GRAINED SOILS FINE-GRAINED/COHESIVE SOILS

RELATIVE
CONSISTENCY

Very soft
Soft
Medium stiff-
Stiff
Very stiff
Hard

N, SPT,
BLOWS/FT.

<2
2-4
4-8

8 - 15
15 - 30

Over 30

N, SPT,
BLOWS/FT.

0-4
4 - 10

10 - 30
30 - 50

Over 50

RELATIVE
DENSITY

Very loose
Loose
Medium dense
Dense
Very dense

WELL AND OTHER SYMBOLS

ITD Cement/Concrete •' ,
Asphalt or PVC Cap

~ Bentonite Grout m Cobbles

D Bentonite Seal ~ Fill

II!!~ISlough I~"~IAsh

ITD Silica Sand
~ Bedrock

[ill 2' 1.0. PVC Screen
::. ".>: (0.010-inch Slot)

Beachcrest Community Association
Olympia, WaShington

SOIL CLASSIFICATION
AND LOG KEY

August 1996 8-1014-01

SHANNON & WILSON, INC_ I
Geotechnical and Environmenlal Consullanls

FIG. 4
Sheet 1 of 2
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MAJOR DIVISIONS
GROUP/GRAPHIC

SYMBOL® TYPICAL DESCRIPTION

r.\ GW Doe Well·Graded Gravels, Gravel-Sand
Clean GravelS\.!; ° C)0 Mixtures, little or No Fines

Gravels (tess than I----~_~..;.b!----.....:.---------~----j
(more than 50% 5% fines) GP. '. Poorly Graded Gravels, Gravel-Sand_

,Mixtures. Little or No Fines
of coarse L--------+-------~~~~~~~~~-----------_;

fraction retained , t'I'
on No.4 sieve) Gravels wilhCD GM ' ~'

Fines (more 1-----1':~:.t;~f-----------------j
than 12% fines) GC • Clayey Gravels, Gravel-Sand-Clay

Mixtures '

Coarse-Grained
Soils (more than
50% retained on
No. 200 sieve)

Silly Gravels, Gravel-Sand-Siit Mixtures

SW
............ Well-Graded Sands, Gravelly Sands,

Little or No RnesClean SandsCD
(less than
5% fines) SP

Poorly Graded Sand, Gravelly Sands,
Little or No Rnes

[Use Dual Symbols
for 5 - 12% Fines

(i.e. GP-GM)]0
'I

Sands
(50% or more

of coarse
fraction

passes the
No. 4 sieve)

Sands withCD SM r-r'll
Fines(more 1----I.,lV,..,l,f.xI.J" /.)..,1---------------;

than 12% tineS) SC 1/.'// Clayey Sands, Sand-Clay Mixtures

Silty Sands, Sand-Silt Mixtures

ML
Inorganic Silts of Low to Medium
Plasticity, Rock Flour, or Clayey Sifts
with Slight Plasticity

Sitts and Clays
(liquid limit

less than 50) CL
Inorganic Clays of Low to Medium
Plasticity, Gravelly Clays, Sandy Clays,
Silty Clays, Lean Clays

~-
1--.:-

Organic Silts and Organic Silty Clays of
Low PlasticityOrganic OL

Inorganic Clays of Medium to High
Plasticity, Sandy Fat Clay, Gravelly Fat
Clay

Fine-Grained Soils
(50% or more
'passes the

No. 200 sieve) CH

Inorganic Silts, Micaceous or
Diatomaceous Fine Sands or Silty Soils,
Elastic Silt

Sitts and Clays
(liquid limit
50 or mare)

MH

Organic Clays of Medium to High
Plasticity, Organic Silts

PT
Peat, Humus, Swamp Soils with High
Organic Content (See D 4427-92)

Inorganic

Inorganic

Organic OH

8eachcrest Community Association
Olympia, Washington

SOIL CLASSIFICATION
AND LOG KEY

August 1996 8-1014-01

I FIG. 4
Sheet 2 of 2

Highly Organic
Soils

Primarily organic matter, dark in
color, and organic odor

NOTES

1. Dual symbols (symbols separated by a hyphen, Le.,
SP-SM, slightly silty fine SAND) are used for soils
with between 5% and 12% fines or when the liquid
limit and plasticity index values plot in the CL-Ml
area of the plasticity chart.

2. Borderline symbols (symbols separated by a slash,
i.e., CUML, silty CLA Y/clayey SILT; GW/SW, sandy
GRAVEUgraveily SAND) indicated that the soil may
fall into one of two possible basic groups.

SHANNON & WILSON, INC.
Geotechnicaland EnvironmentalConsultants
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Attachment to Report Page 1 of 2

Dated: August 7, 1996
To: Beachcrest Community Association

Attn: Mr. Cullen Wilder

Important Information About Your Geotechnical/Environmental Report

CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR SPECIFIC CLIENTS.

Consultants prepare reports to meet the specific needs of specific individuals. A report prepared for a civil engineer may not be
adequate for a construction contractor or even another civil engineer. Unless indicated otherwise, your consultant prepared your
report expressly for you and expressly for the purposes you indicated. No one other than you should apply this report for its
intended purpose without first conferring with the consultant. No party should apply this report for any purpose other than that
originally contemplated without first conferring with the consultant.

THE CONSULTANT'S REPORT IS BASED ON PROJECT-SPECIFIC FACTORS.

A geotechnical/environmental report is based on a subsurface exploration plan designed to consider a unique set of project-
specific factors. Depending on the project, these may include: the general nature of the structure and property involved; its size
and configuration; its historical use and practice; the location of the structure on the site and its orientation; other improvements
such as access roads, parking lots, and underground utilities; and the additional risk created by scope-of-service limitations
imposed by the client. To help avoid costly problems, ask the consultant to evaluate how any factors that change subsequent to
the date of the report may affect the recommendations. Unless your consultant indicates otherwise, your report should not be
used: (1) when the nature of the proposed project is changed (for example, if an office building will be erected instead of a

':ing garage, or if a refrigerated warehouse will be built instead of an unrefrigerated. one, or chemicals are discovered on or
.l the site); (2) when the size, elevation, or configuration of the proposed project is altered; (3) when the location or orienta-

tion of the proposed project is modified; (4) when there is a change of ownership; or (5) for application to an adjacent site.
Consultants cannot accept responsibility for problems that may occur if they are not consulted after factors which were considered
in the development of the report have changed.

SUBSURFACE CONDITIONS CAN CHANGE.

Subsurface conditions may be affected as a result of natural processes or human activity. Because a geotechnical/environmental
report is based on conditions that existed at the time of subsurface exploration, construction decisions should not be based on a
report whose adequacy may have been affected by time. Ask the consultant to advise if additional tests are desirable before
construction starts; for example, groundwater conditions commonly vary seasonally.

Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or groundwater fluctuations may
also affect subsurface conditions and, thus, the continuing adequacy of a geotechnical/environmental report. The consultant
should be kept apprised of any such events, and should be consulted to determine if additional tests are necessary.

MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS.

Site exploration and testing identifies actual surface and subsurface conditions only at those points where samples are taken. The
data were extrapolated by your consultant, who then applied judgment to render an opinion about overall subsurface conditions.
The actual interface between materials may be fur more gradual or abrupt than your report indicates. Actual conditions in areas
not sampled may differ from those predicted in your report. While nothing can be done to prevent such situations, you and your
consultant can work together to help reduce their impacts. Retaining your consultant to observe subsurface construction opera-
tions can be particularly beneficial in this respect.
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A REPORT'S CONCLUSIONS ARE PRELIMINARY.

The conclusions contained in your consultant's report are preliminary because they must be based on the assumption that conditions
revealed through selective exploratory sampling are indicative of actual conditions throughout a site. Actual subsurface conditioDr-'/~
can be discerned only during earthwork; therefore, you should retain your consultant to observe actual conditions and to provu
conclusions. Only the consultant who prepared the report is fully familiar with the background information needed to determine
whether or not the report's recommendations based on those conclusions are valid and whether or not the contractor is abiding by
applicable recommendations. The consultant who developed your report cannot assume responsibility or liability for the adequacy
of the report's recommendations if another party is retained to observe construction.

THE CONSULTANT'S REPORT IS SUBJECT TO MISINTERPRETATION.

Costly problems can occur when other design professionals develop their plans based on misinterpretation of a geotechnical/envir-
onmental report. To help avoid these problems, the consultant should be retained to work with other project design professionals
to explain relevant geotechnical, geological, hydrogeological, and environmental findings, and to review the adequacy of their plans
and specifications relative to these issues.

BORING LOGS AND/OR MONITORING WELL DATA SHOULD NOT BE SEPARATED FROM THE REPORT.

Final boring logs developed by the consultant are based upon interpretation of field logs (assembled by site personnel), field test results,
and laboratory and/or office evaluation of field samples and data. Only final boring logs and data are customarily included in
geotechnical/environmental reports. These final logs should not, under any circumstances, be redrawn for inclusion in architectural
or other design drawings, because drafters may commit errors or omissions in the transfer process .

.To reduce the likelihood of boring log or monitoring well misinterpretation, contractors should be given ready access to the complete .
geotechnical engineering/environmental report prepared or authorized for their use. If access is provided only to the report prepared
for you, you should advise contractors of the report's limitations assuming that a contractor was not one of the specific.persons for
whom the report was prepared, and that developing construction cost estimates was not one of the specific purposes for which it was
prepared. While a contractor may gain important knowledge from a report prepared for another party, the contractor should discuss
the report with your consultant and perform the additional or alternative work believed necessary to obtain the data specifical' .---.....
appropriate for construction cost estimating purposes. Some clients hold the mistaken impression that simply disclaimirg responsibili
for the accuracy of subsurface infurmation always insulates them from attendant liability Providing the best available information
to contractors helps prevent costly construction problems and the adversarial attitudes. that aggravate them to a disproportionate scale.

READ RESPONSmILITY CLAUSES CLOSELY.

Because geotechnicallexr.rironmental engineering is based extensively on judgment and opinion, it is fur less exact than other design
disciplines, This situation has resulted in wholly unwarranted claims being lodged against consultants. To help prevent this problem,
consultants have developed a number of clauses for use in their contracts, reports and other documents. These responsibility clauses
are not exculpatory clauses designed to transfer the consultant's liabilities to other parties; rather, they are definitive clauses that identify
where the consultant's responsibilities begin and end. Their use helps all parties involved recognize their individual responsibilities
and take appropriate action. Some of these definitive clauses are likely to appear in your report, and you are encouraged to read them
closely, Your consultant will be pleased to give full and frank answers to your questions.

- 1

The preceding paragraphs are based on information provided by the
ASFE/ Association of Engineering Firms Practicing in the Geosciences, Silver Spring, Maryland

.•.----.
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