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: - Storch Corporation/Engineers » :

' 17930 Pacific Highway South, Suite 516

P " Seattle, Washington 95188 -

Attn: Mr. Erik Prestegaard, P.E.

e

‘Re: Fleld Exploration and Geotechnical Englneerlng Study-

- Proposed J.A. Jones Graving Dock -
Alexander Avenue and South Lincoln Avenue on Blalr WaCerwayA.
Port of Tacoma, Washlngton

R

Gentlemen-

We are pleased to submlt herein elght coples of the above referenced
report. This report contains the results of our field exploratlon
-and laboratory testing programs together with geotechnical engineer-

ing conclusions and.recommendations

ORI -

e )

The field exploratlon program dlsclosed relatlvely uniform condltlona
b at the site consisting of dredged sand fill soils overlying natural
wg ‘deltaic dep051ts The natural Soll sequence disclosed in the explor-

»  ‘ations consisted of alternating strata of soft to medium stiff clavyey.
: silts and medium dense sands. Dense to very dense, fine to medium

3' sands were disclosed at depth. Engineering studles were directéd

o toward evaluating excavation slope stability for the proposed graving
: dock as well as evaluatlno foundation support conditions for pontoon

TR,

'~constructlon and for- *he appurtenant staalng areas.

¢

General renommendatlons are also 1nc1uded for dewaterlng the proposed
graving dock-.excavation, lateral pressures against the sheet pile -
closure structure and requlred embedment depth .and recommendations
for construction monitoring and observation. - S

ey

We appreciate this opportunity to be of service to you in this regard .
and look forward to continuing involvement in this exciting project.
Should you have any questions regardlno this report or other matters
plase feel free to call at your convenlence

pascy

e
ast!

SHEN

Sincerely, _ o
i HART-CROWSER & ASSOCIATES, INC.
g' ~6///’ C:;aavaQZ/
i KURT W. GROESCH, P.E.

Project Engineer
KWG:gpa . -

g ) DESIGN SERVICE BUILDING, 1910 FAIRVIEW AVENUE EAST, SEATTLE, WASH. 98102, (206) 324-9530
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FIELD EXPLORATION AND GEOTECHNICAL ENGINEERING STUDY
PROPOSED J.A. JONES GRAVING DOCK |

ALEXANDER AVENUE AND SOUTH LINCOLN AVENUE ON BLAIR WATERWAY
PORT OF TACOMA, WASHINGTON

INTRODUCTION

This report presents the results of field explorations and field

- laboratory testing programs in conjunction with a geotechnical

engineering study for construction of a graving dock .in the Port

of Tacoma, Washington. The general location of the project is.-

" shown on Figure 1, Vicinity Map. This study was carried out to

evaluate the feas1b111ty of a conceptual’ de31gn from a geotechnlcal

standpoint and to outline. potential areas of de51gn or construction

- problems which warrant further study.

The purpose of the study was to evaluate the subsurface conditions

relative to the proposed graving dock construction. This report
provides geotechnical engineering recommendations for slope sta-
bility of the proposed excavation slopes, field permeability
testing and preliminary dewatering design, lateral pressures and
required embedment depth for the sheet pile closure structure and
analysis of alternate foundation types, allowable bearing pressures
and anticipated settlement for the graving dock, shipway and cast-
ing yard areas. In addition to the above, recommendations are

included for additional Services for construction monitoring and

- observation.
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This study was authorized by Mr. Erik Prestegaard, P.E., of
Storch Corporation/Engineers. Based on the conditions en-
countered in the field explorations, additional 1aboratory and
geotechnical engineering.studies were subsequently verbally:
authorized by Mr. Prestegaard.for a more detailed slope

stability and consolidation analysis.

This report has been prepared for exclusive use of Storch
Corporation/Engineers for specific application to_the-proposed
graving .dock. The report has been prepared in accordance with
generally accepted geotechnical engineering practice. No
other -warranty, expressedvor implied; is made.

The field exploration program consisted of sité reconnaissance

visits, six Dutch cone penetrometer probes, three hollow-stem

‘auger borings, - three piezometer installations, groundwater

.level monitoring for in place permeability testing and ground-

water sampling. The Dutch cone penetrometer probes, the

hollow-stem auger. borings, and piezometer installations were

accomplished by Subterranean, Inc. under subcontract to Hart-
Crowser & Associates. The field exploration procedures are
detailed in Appendix A. Detailed interpretive 1ogs of the ei-
plorations are presented on Figure 2, Site and Exploration-Plan.

The initial laboratory testing program consisted of visual
classification and moisture contenttdetermiﬁations on all samples
recovered. Grain size analyses were performed on selected
samp1es within the granular soils encountered below the proposed

excavation level for. correlatlon with fleld permeablllty testlncr
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Based on the results of preliminary geotechnical analyses and
in light of the extensive near surface deposits of soft
cohesive soils encountered at the site, detailed index, shear
strength and consolidation tests wefe performéd on selected
samples. Laboratory test procedures are presented in
Appendix B with detailed test results shown on Figures B-2
through B-1ll. 1In addition, samples of the site groundwater
were tested to determine potential incrustation or corrosive
problems associated with the long term ‘operation of a de-
watering system. The resalts of these tests are tabulated

in Appendix B.

The subsurface conditions inferred from the explorations and
the soil properties determined by field and laboratory testing
provide the basis for the geotechnical analyses and recommenda-

tions accomplished for this study.
SITE AND PROJECT DESCRIPTION

The proposed site for the graving dock lies on the north side
of the Blair Waterway in the Port of Tacoma, Washington. The
project site is bounded on the north by Alexander Avenue, and

on the east and west by other commercial and industrial properties.

‘The location of the project site is shown on the Vicinity Map,

Figure 1. The project area and proposed layout is shown on
Figure 2, Site and Exploration Plan. The'existing'grOund<
surface elevation acfoss the site is somewhat variable. Topo-
graphic 1nformauﬂon obtained from the Port of Tacoma show ground

'surfaﬂe elevatlons’ vary from elevation 15 to 20 feet (MLTW—O)

A typlcal ground surface elevatlon on the order of- 18 Leet
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has been used in the engineering analyses. The project site
was sparsely wooded at the time of the explorations:and has
been subsequently cleared. Some ponded surficial water was
encountered at the site. Due to the saturated soft surficial
soils, a bulldozer was ﬁequired to assist in moving the

exploration equipment.

Plans call for excavating below existing site grade to about i
elevation (-)4 feet within the graving dock area. The plan
dimensions of the excavation at. elevation (-)4 feet would be
about 650 feet by 480 feet. A 2-foot thickness of slag would
be éstablishéd'Within the excavation as a working surface.
Segmehtal pontoon units for.the Hood Canal Bridge would then be
constructed within the graving dock utilizing mainly precast
concrete elements. Typical pontoons would be 360 feet by 60
feet in plan, and each would weight about 13,000 kips. It is

P AT e

understood that up to(EiXE_ESEEOQP;\QbUld be constructed in One'
cycle and that possibly three construction cycles would be
necessary to complete the project. When one construction cycle
is complete, the excavation would be témporarily flooded, the
pontoons floated out and towed for assembly at the bridge site.
The preliminary.plans call for a driven steel sheet pile~closure
structure. After the excavation is flooded, the sheet piles
will be extracted to allow access to the Blair Waterway. The
steel sheet piles will be redriven to effect closure and the
excavation pumped out to initiate the next construction cycle.

3

Adjacent to the graving dock to the west would be a .casting yard

‘for the precast concrete elements which make up the pontoons.

Discussions with Storch Corporation/Engineers indicate the

largest elements would be 18 feet by 27 feet in plan and each
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wduld weigh about 135 kips. East of the graving dock, it is
planned to construct a shipway to allow construction and
launching of concrete anchors for the floating bridge.
Typical anchors would weigh on the order of 2,400 kips and

~would be 45 feet in diameter. It is understood the anchors

would be cast on skids. The anchors would be launched by
sliding down the sloped shipway. It is umderstood that
completed anchors would draw about 20 feet, and the shipway
would extend to elevation (-)15 feet? '

GEOLOGIC CONDITIONS

‘The project area lies within the Puyallup River Delta which

was originally a tidal marsh prior to cevelopment of the PorT of
Tacoma. The major growth of the deélta is presumed to have
occurred during the very large meltwater discharges and rising
sea level elevations accompanying the retreat of the Vashon
Glaciation. Changes in sea level, discharge rate and sediment
load have resulted in irregular rate of delta front advancement.

A rapidly advancing delta would_cbnsist primarily of granular
soils while periods of slow or no growth would result in .
deposition of siltier soils. The distribution of soils indicated
by borings.advanced at this project and other areas within the

Puyallup delta indicate alternmating rates of growth resulting

~in stratified deposition of silts and sands.. The natural

soil sequence is locally overlain by verying amounts of man--

placed fill soils.
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SUBSURFACE COMDITIONS

Six Dutch cone probes. and three hollow-stem .auger borings
were advanced in the project area. Based on the conditions
disclosed in the explorations, a Generalized Subsurface
Profile, Figure 3, has been developed. The location of the
profile is shown on Figure 2. Generalized soil descriptioné

are presented nmext to graphical soil logs corresponding to their

- appropriate elevations.

The explorations advanced in the area of the graving dock. indi-

cated relatively uniform conditions as illustrated on the profile.

In general, the soil stratigraphy encountered consisted of

varying amounts of dredged sand and other fill soils overlying
natural soils. The natural soil sequence consisted of very
soft to soft clayey silts.with organics extending to about

- elevation (-)3+ feet underlain by medium dense to dense

sands. These sands extend to about elevation (—)l6i;feet and
are underlain by soft to medium stiff cohésive soils. . Beneath
cohesive soils at an elevation of about (-)26 + feet, dense to
very dense granular soils with occasional silt layers or silty
zones were encountered which extended to the full depths -

explored.

The groundwater conditions encountered at the site were monitored
at the time of installation of theApiezometers.when the field
permeability tests were performed, and by the use of a continuous-
water level recording mechanism. The groundwater levels which
were measured are indicated‘on the.boring logs with the &ate_

measured at the appropriate elevatioh; Generally, groundWater.
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levels were encountered between 8 and 12 feet below the existing
ground surface. The continuous recording device indicated 0.6
feet of Vériationiat the location of Boring B-1

over a period of three days. It must be noted that groundwater
levels may fluctuate due to variations in rainfall, tides,
temperature and other factors at the time measurements are

made.

Local variations from boring to boring from the above outlined

conditions do exist. These generalized conditions summarized
above were based on the subsurface conditions. encountered at

" nine widely spaced exploration locations. The transition

between differing soil types may. be oradual _ The nature and
extent of variations from these conditions may not become
apparent until construction begins or further explorations are
undertaken. - Should significant variations from the generalized
conditions become evident, it will be necessary to reevaluate
the following design considerations and recommendations of this

report.

GEOTECHNICAL_ENGINEEkING STUDY:. CONCLUSIONS AND
."RECOMMENDATIONS

In the event that any changes in the nature, design or location
of the elements or components of the graving‘doék or appurtenant
facilities are planned, the conclusions and recommendations
contained in this report should be reviewed and the conclusions

modified or verified to reflect the changes, This report is

written to determine the feasibility of a conceptual designf

from a‘ geotechnical standpoint.  This report will outline
potential design and construction problems and outline areas

for further study.
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Excavated Slope Stability

The graving dock will be constructed by excavating about 20 feet - .:

below existing site grade. Preliminary site layout and. the
conceptual design were based on side slopes for the excavation
of 2H:1V (Horizontal to Vertical). A preliminary evaluation Qf,
‘slope stability based on field shear strength test values
indicated the proposed side slopes were potentially unstable
due to the presence of very soft to soft clayey silts which
were found to extend to about the planned depth of excavation.
Based on the results of the preliminary analysis, a further
sophisticated laboratory shear strength test program and a
computer slope stability analysis were deemed warranted.

Properties of the in situ soils were evaluated based on the
laboratory test procedures presented in Appendix B. The soil.
strength parameters and the planned slope configuration were
input as data for the computer analysis.- The program used was
a commercial derivative of ICES-SLOPE. The program allows
estimation of factor of safety against sliding for circular
failure arecs.

In general terms, the calculated factor of safety is the ratio
of the .available shear resistance to the forces which act to
produce landsliding. When the soil strength is equal to the
slide produéing forces, a factor of safety of 1.0 would exist

and the. slope would be in a condition of incipient failure.

Although the computer analysis is mathematically accurate,

E mmnruncertalntLes are associated with the assumed subsurface

-conditions, soil shear streHOth and the location of the most

critical fallure surface. To provide z margin of safety

ragainst these uncertainties, a calculated factor of safety

on the order of l 5 for nonselsmlc conditions is con31dered
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desirable in generally accepted geotechnical engineering
practice. The slope stability analyses were predicated on the

installatioﬁ and successful operation of the system.

The first case studied by computer methods was the stability
of a 2H:1V (Horizontal to Vertical) cut slope. The minimum
calculated factor of safety against a rotational failure assum-
ing quick (undrained) failure mechanism was about 1.1l. Based
on the above discussion, this was deemed not acceptable for a
long term condition, but indicated such a slope may stand on

a temporary basis.

To improve the stability of the excavated slope, the effects of

: usihg.a»stabilizing buttress constructed by.a locally available slag

material were studied. This material is already planned to be

used. to provide a working surface in the excavation bottom.

‘Discussions with Mr. John Hodges of J. A. Jones indicated a

maximum slope angle of 23H:1V could be tolerated from space’
constraints. To reduce the quantities'of material used in the
buttress, a dual slopé angle was analyzed. The'slope configura-
tion studied consisted of a 2 foot blanket of slag'extending
down from the gfound surface on a 2H:1V slope to a point 8 feet
above the planned final depth of excavation. . This material
would serve . to protect the cut slope from erosion. From
this point, the slag buttress is extended to the point where

a 2%H:1V slope from the existing grbund surface would intercept
the proposed final excavated grade., This slope configuratidn
was chosen for the purpose of allowing a uniform 2H:1V base
slope.for ease of excavation using dragline methods, ‘and at

the same time achieve the stabilizing effects of the slag
material at the toe of»the slope (where the,failure aré exits

in a cohesive soil). The slope configuration and location of

—_ - - - - . ~ - e e A AP TN T
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failure surfaces:for the minimum calculated factors of safety
are shown.on Figure 4, Excavation Slope Configuration.  The
minimum factor of safety calculated for the slag buttress
élopeAassuming a quick (undrainéd) failure mechanism-is-l.B.: o
This factor of safety against'sliding may be improved by

moving the point where the slope angle for the slag buttress
changés upslope, by flattening overall the slope angle, or

by reducing the forces which tend to produce sliding by

removing load by excavating at the top of the slope. The
calculated minimum factor of safety for a quick (undrained)
failure mechanism for the composite slope with the ground surface
elevation at (+)15 feet was about 1.4.

. |

Because of the relatively long term use (1% years i) of the _ \A
graving dock, the stability of the proposed excavated slope was
also studied using the long term (drained or effective) o
strength parameters for the various soil units. The minimum
calculated factor of safety for aAmajor deep seated failure
was 1.7. The slope stability analysié also indicated that
shallow sloughing failures at the interface of the slag and
underlying cohesive soils are somewhat more likely to occur.

To improve the calculated factor of safety, the'slag blanket
thickness would have to be increased above the 2-foot thickness

planned. This would significantly increase the overall slag
quantities, and these costs should be weighed against the
risk of isolated surficial failures which may be remedied

by a regular maintenance program.

: The_factots of safetywindica;ed for the quick (undrained) failure

mechanism with the slag blanket is somewhat lower ‘than what is

desirable from a generally accepted geotechnical engineering

oy v = R T T T g T TR
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practice. The same discussion applies to the surficial

sloughing failures. Consequently, it is our opinion that some

risk exists relative to éither the quick (undrained) failure

mechanism for the.buttressed sldpe'or the surficial sloughing

failure. The minimum calculated factor of safety against a

slow (drained) failure mechanism is considered acceptable.

Preliminary Dewatering Considerations

A dewatering system will be necessary to excavate the graving

‘dock area and to construct the bridge pontoons in the "dry"

Based lupon conversations with Erik Prestegaard, the facility will

be in |operation for up to 18 months and the excavation will be

flooded at least once and dewatered a second time.

The excavation is located within 80 feet of the Blair Waterwéj'

and is| anticipated to .be approximately 650 by 480 feet in:
aerial| extent with 555 feet fronting on the Blair Waterway-:-~

(Figure 3). Existing grade is at approximately 18 feet MLLW

with the anticipated excavation bottom to be approximately

elevation (-)4 feet.

To evaluate the general subsurface conditions related to site
dewatering, borings and Dutch cone probes, in situ hydraulic

conductivity (permeability) tests, grain size analyses, water

in Appendix A, wnlle laboratory procedures and test results

‘are shown in Appondlx B

y sampllng with chemlcal analyses and water level measure-
ments were accomplished. The field procedures are contained




e

B

S5

R

e

r%g\
aR

2

31 S

R

‘T,,TQ

&

@m@

e
.

et

J-98¢
Page |12

The boring and Dutch cone probes indicate that the geologic"
condiltions are relatively consistent beneath the site. A
representative geologic profile is listed below while geologic

crossi-sections are shown on Figure 3.

Table| I:  Representative Geologic Profile

Elevafion Depth Thickness .
(Feet|msl) (Feet) ' (Feet) . Soil Type
+18 to +9 0-29 9 Sand

+9 to -3 -9 -21. ‘ 12 - Clay/silt
-3¢t -16  21-3&6 13 Sand

-16 to -26 34-44 10 Clay/Silt

.26 tg 7% Liy-2% 7+ Sand

*Extended to full depths explored.

Based on the anticipated excavation depth and_subsurfacé condi-
tions,| the bottom of the excavation will penetrate through the
upper silt layer and into the top several feet of the middle
sand layer. Therefore, it is our opinion that the major goal

of the|dewatering system on this site will be to reduce the

heads (artesian pressure) within the middle sand léyer.

Groundwater levels within the middle sand layer were measured
in three observation wells installed to an approximate elevatiod'
of (-)10 feet MW during our field explorations. The geologic

-data .indicates that the middle sand layer is hydraulically -

coupled with the Blair Waterway and variation in- heads within

this layer will be largely dependent upon tidal fluctuationms.
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A'co&versation with personnel of the MNational Oceanographic
and %tmoépheric Administration suggests that normal high
high|tides reach a level of elevation +10 to +13 feet, but
that {tidal levels of +15 to +16 feet could occur during

. i )
intense storms.

Obserivations made by Hart-Crowser in early March, 1981 indicat

a high groundwater elevation of approximately +12 feet. However,
it is| recommended that a groundwater elevation of up‘to +15

feet be anticipated. Using a +15 foot elevation and an excavg-
tion bottom of (-)4 feet and assuming that the water level
would|be lowered to (-)6 (2 feet below the excavation bottom)

- a head reduction of approximately 21 feet should be achieved

by a dewatering system.

Hydraulic conductivity (permeability) tests (k) were conducted
in Borings B-1, B-2 and B-3. The falling head, basic time lag

method (Hvorslev, 1951) was used to determine k values. These

values are listed below:

Table 2. Hydraulic Conductivity Values

B-1 2.5 x 10™* cm/sec.
B-2 6.6 x 107" cm/sec.
B-3 . 2.5 x 10" % cm/sec,
Grain size analyses were conducted on selected samples. The

results of these analyses are shown on Figures B-2 through B-4,

TSR DAL -
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An' approximate plan flow net (Figure 5) was constructed to

determine the general flow paths of water into the dewatered
exéathion. The flow net indicates that the major source of
water| to the excavation will be from the Blair Waterway and

| A
that lesser volumes will be derived from areas away from the

~ waterway.

Water| samples were obtained from each of the three borings

| . . . : :
and submitted to Laucks Testing Laboratories of Seattle for
analysis. The results of the analyses are contained in

Appendix B.
- Genéeral Recommendations

It is |our opinion that wells or well points used in combination
with an ‘interior French drain system could be used to reduce -

heads |if adequate vacuum lifts can be maintained. Based,upon

‘the hydrogeologic data, a dewatering system capable of lbwering

the head within the middle sand layer approximately 21 feet
should be installed. This 21 foot head reduction translates

into a minimum lowered groundwater level of approximately 24 feet

below the existing grade. Heads within wells or well points
will probably be at a lower level to achieve the necessary head

reduction.

The well or well point system should be fully penetrating through

the middle sand layer. It is not recommended that.thé lower

sand layer be penetrated in that pumpage from this layer will -

not significantlyfaid,in head reduction of the middle sand 1ayer.:
Penetration of the lower layer will result in increased pumpage

volumes and may cause:problems be improving the hydraulic

coupling of the middle and lower sand layers.
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Well jor well point spacing can be aided by using the flow net shown -

in Figure 5. It is anticipated that the major flow will be

derivied from the Blair Waterway, therefore, the closest well

spacing may be necessary along this side of the excavation.

It is| recommended that the heads within the middle sand strata-
be monitored through the use of observation wells while the de-
waterfing system is in operation, and that these wells indicate
reduction in the heads at or below the planned final depth of
excavation, prior to mass excavation. After the well or well
point| system has reduced the head within the middle sand layer
below the bottom of excavation and excavation has been completed,

French drains could be installed. These French drains could improve

drainage within the excavation bottom and provide an increased
safety factor to the dewatering operation. The quality of the
pumpeh water needs to be considered for the successful long
term opérétion of the system. The results. and water quality

considerations are discussed in a following section.

It should be noted that head reduction within the middle sand
should be completed prior to excavation near the upper silt/middl '
sand contact. If the heads within the middle sand are not j%L
reduced sufficiently before excavation, "sand boils'" may occur

which|may preclude the use of spread footings.

It is|recommended that Hart-Crowser & Associates be afforded the

opportunity to review the design of the planned dewatering system.

It is|also recommended that Hart—Crowsér & Associates observe the

installation of the dewatering system and observe and monitor the-
groundwater levels in the various observation wells to evaluate

the performance of the planned dewatering system.
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Water Quality

Groundwater samples were obtained from Borings B-1, B-2 and

B-3 for chemical analysis. The purpose of the analyses was to
provide data to assess possible operational difficulties of the:
dewatering system related to incrustation and/or corrosion. In
addition, analyses for organic chemical and phenols were ac-
complished to assess possible difficulties with pumped water

disposal.

The field sampling procedures are describec in Appendix A. The
Laucks Testing Laboratories analytical results are contained in

Appendix C.

Foundation Support

- Graving Dock

In the graving dock excavation, it appears feasible to support
the pontoons by spread footings founded in the medium dense to
dense sand which was encountered in wvarious explorétions at or
about the‘planned depth of excavation. In the graving dock
area, current excavation plans call for removal of about 18 to
20 feet of soil down to an elevation of (-)4 feet. A slag

. blanket of about 2 feet in thickness is planned to facilitate

traffic across the bottom of the excavation. '

The settlement response for the underlying foundation soils was
modeled by twb'methods.” The settlement response of the

granular soils was modeled using elastic methods developed by
Schmertmann for long footings founded over sand deposits using
criteria from the Dutch cone‘penetrometer'pfobes. The settlement:

behavior of the cohesive soils was modeled using the results

s -t e o e e §i A e
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the pontoon supports on the order of 3/4-inch may be anticipated.
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of one-dimensional consolidation tests performed in our laboratory

on undisturbed samples recovered from the borings. Because of

the reduction in vertical stresses achieved by the excavation,
the consolidation response was modeled using the slope of the
recompression curve for the cohesive soils. The predicted
elastic settlements in the granular soils were also smaller due
to the effects of preloading. L

P Al e

The settlement response was evaluated For/{:wo cases. The first

case studied was a uniform distributed load equal to the dead

plan area of a pontoon. Predicted settlements for this case ranged
from about 1 inch to about 1% inches based on a probe by probe

basis.

Additionally, the settlement response for a long stfip footing
three feet in width loaded to 4,000 psf (pounds per square foot

-inch to l%-inches were indicated. Differential settlement Qf

Discussions with Mr. Erik Prestegaard and Mr. Joel Dean of
Storch Corporation/Engineers indicate this range of settlement
would be considered tolerable. It should be noted that some
variation in the contact between the upper cohesive unit and the
dense sand strata may be anticipated. Local overexcavation and
replacement of unsuitable foundation soils with compacted struc-

tural fill may be required.

The above settlement analysis and recommended bearing pressures ?

are predicated on footings founded in dense undisturbed natural
sands as disclosed in the explorations. of partlcular concern
is the potential detrimental effects of loosening the dense sand

strata planned for footing support by indiscriminate sump.pumping.

e v v 5 - s s 3 HEITEIUCI R,
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or -by particle migration due to seepage forces imposed'by un-
relieved artesian_pressufes in the dense sand strata. . Uncontrolled
excavation prior to relieving these artesian pressures could
result in "blowing' the bottom of the excavation and could force
pile support for the pontoons within the affected areas. Areas
which are excavated prior to installation and operation of the
dewatering‘system may be considered suspect. It is recommended
that the integrity of the granular soils be evaluated after
completion of the mass excavation for spread footing support. A
quick and reliable method would be a number of additional Dutch

cone penetrometer probes within the excavation limits. These

additional explorations could be advanced relatively economically.

and provide immediate data for analysis.

- Casting Yard

Pursuant to conversations with Mr. Joel Dean and Mr. Erik
Prestegaard, we have also studied the settlement response of
spread footings or slabs for support of forms for precast |
concrete elements for the pontoons. Based on the above mentioned
coﬁversations, it appears that the heaviest element would impose
loads of 5 kips per lineal foot distributed over an area 18

feet wide and 27 feet long. This results in a uniformly dis- -

tributed load on the order of 0.3 éﬁééYkips per square foot).
A N

\P-\/u\."k)\/\
The settlement response of footings in the casting yard were

modeled using elastic parameters as derived from the Dutch cone
penetrometer probes. The settlement response due to this uniformly
distributed load is estimated to be on the order of 1% inches

within the upper cohesive soils. ' /
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The soils in this area will not have been relieved by excavation
such as those beneath the graving dock. These soils must be
considered normally consolidated, and as such will experience

significantly greater deformation for a given load than those

beneath the excavation.

These settlement values are predicated on assuming the existing
subsurface conditions in the casting yard are uniform and similar
to those disclosed in the borings and probes. No explorations
were accomplished in the casting yard and variations from the
assumed conditions may exist. It is recommended that the subsur-

face conditions be explored to verify these assumptions.

Significantly larger settlement may occur and the potential for
bearing capacity failures exists if footings are founded directly
in soft cohesive soils or if the dredged sand fill is absent or -
thins. 1In addition, settlement magnitudes of the soils in the
casting yard may be significantly greater if the impbéed loads

on organic soils are sufficient to initiate secondary consolidation
within the organic soils. The amount of secondary consolidation
which may occur would depend on the nature and distribution of
the organic soils, the configuration and duration of the loads,
and other factors. - Secondary consolidation is a long term
phenomena. It is recommended that provisions for leveling the

forms on a periodic basis be included in the design.
- Shipway

It is planned to construct and launch concrete anchors for the

planned floating bridge on -a shipway to be located immediately

"to the east of the proposed graving dock. Preliminary plans for

support of theAshipway'call for the use of prefabricated steel
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pipe piling (16 inches in diameter with 0.375-inch wall) driven
with a closed end on a 10-foot grid. The piles would be conmect-
ed by prefabricated panels. The panels and piles for the in-
clined portion of the shipway would support the anchors only
briefly as the anchor is moved down the shipway on skids.

Preliminary plans for the shipway call for a 10 percent grade.

The inclined section of the shipway wili begin at a point 200

feet from the Blair Waterway, and will extend to elevation (-)15

feet. Assuming a uniform 2H:1V slope for the natural soil slope
into the Blair Waterway, the piles.for the final portion of the
shipway (below about elevation (-)75) will extend above the
natural soil slope. A maximum unsupported length of about 30

feet for piles may be anticipated.

Typical concrete anchors for the bridge would each weigh about
2,400 kips.  Anchors are plénned to be up to 45 feet in |
diameter. The average contact pressure over the plan anchor
area would be on the order of 1.5 ksf. An areal load of this
extent and magnitude would cause significant settlement in the
upper clay silt soils, -would most likely trigger secondary con-
solidation in organic soils found within the upper clay silts
and approaches the theoretical bearing capacity for theé upper
soft cohesive soils. Due to the above mentioned criteria, it
was deemed necessary to support the planned anchor loads on deep
foundations. |

The pile parameters are derived from Dutch cone penetrometer

results and empirical correlation with Standard Penetration test
results from the mearest explorations advanced in the, graving -
dock area. No explorations were advanced in the area of the

shipway and variations from the conditions assumed in the
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analyses may exist. It is recommended that the subsurface condi-
tions be further explored in the shipway area prior to the

final design of shipway support elements.

It appears that about 16 piles would be utilized to support the

anchor loads at a given time, and a vertical load on the order

of about 75 tons per pile may be imposed. If the pilés are
founded in the middle sand strata between about elevation 0 to
(-)15 feet, the vertical loads transferred by shear and end
bearing from the piles will be imposed on the underlying
cohesive soils. Utilizing the consolidation and the Dutch co
penetrometer parameters for the lower cohesive soils, pile
settlements on the order of 7 to 8 inches may occur due to cpn-

solidation settlement of the underlying cohesive soils.

Additional settlement from secondary consolidation within anj
organic soils within the cohesive deposit may be anticipated.
Both consolidation and secondary settlement are long term and
time dependent, and would occur if the anchor loads would be

imposed ‘and maintained for extended periods of time.

Preliminary discussions with Mr. Ted Bohlander of Storch
Corporation/Engineers indicates three or more anchors may be
cast simultaneously, and that casting times of three to four
months may be required per anchor. A significant portion of
the consolidation settlement could occur over the time.
period needed for casting and fabricating the anchors, and
secondary consolidation may be triggered within the cohesive
soi%g during this time peribd, as well. For areas wHich will
support the anchor lcads over extended periods of time, it may
be .advisable to support the imposed loads on-piles which. penetr
the lower cohesive soils with pile tips bearing in the dense'to

very dense sands disclosed at about elevation (-)35 feet.
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With the planned shipway configuration and the assumed sub-
surface conditions, pile support of the temporary anchor loads
may be achieved in the medium dense to dense sand strata disclosed
between about elevation 0 and (-)15 for the northernmost in-
clined portion of the shipway. It is recommended that a minimum
pile embedment on the order of 10 feet into the medium dense

to dense sands be achieved, and that a minimum overall pile
embedment on the order of 20 feet be maintained. Proceeding
down the shipway, at a point roughly 100 feet from the Blair
Waterway, it may be necessary to extend the piles to bear in the
lower dense to very dense sands disclosed at about elevation
(-)35 feet, as the planned shipway grade‘begins to encoach |

on the dense sand bearing strata. Individual vertical pile

capacity should be verified in the field by the method outlined ¢ - -

in the following paragraph. Piles which do not reach the
required vertical capacity in the middle sand strata should be

driven to the required vertical capacity with tips in the lower

‘sand deposit.

Because of possible variations in soil conditions, we recommend
the vertical pile capacity be verified in the field based on a
dynamic pile driving formula. Such a formula should allow for
variations in various physical factors such as the hammer energy,
size, type and length of piles, and modulus of elasticity of the
pile materials. An appropriate formula would be the Danish

(SO) pile driving formula. The S, pile driving formula is
presented below: ' ‘
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[ a Er
Q= SIS,
where S, = 2ra-E.-L %
. B A.E _ .
and Q = ultimate pile capacity, pounds
E. = rated hammer energy, foot-pounds .
_ - . _ delivered energy
a hammer efficiency Fate energy (about 0.8)
A = cross sectional area of pile, inches?
L = length of pile, feet
E = modulus of elasticity of pile material, psi
S = final set, penetration per blow, feet

It is recommended tﬁat a factor of safety of 2.0 be appliedlﬁd
the ultimate capacity as determined by the pile driving formula
to achieve the design value based on initial driving. Engineer-
ing experience indicates that the granular soils may experience
partial liquefaction during pile driving operations. This

may result in a partial temporary loss of strength. As the pore
pressures generated during pile driving dissipafe, the soil
shearing resistance will tend to increase to original values.
Because of this effect, pile resistance derived from:dynamic
formula based on initial driving may not accurately indicate
the long term capacity of theldriven piles. 1If a factor of
safety of 2.0 is not achieved at the anticipated bearing depth
during initial driving, a number of piles should be redriven
for a short distance following a waiting period. Dynamic pile
capacity of redriven_piles should be evaluated using a factor |

of safety of 2.5.
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Because of the uncertainties in the subsurface conditions at the
shipway location, a program of test driving of piling ardifferent
locations along the shipway may be warranted to evaluate
potential different driving and bearing conditions along the

" shipway aligmment.

The installation of all piles should be observed by a‘competent
soils engineer or engineering geologist. Observation of pile
handling, pile hammer operating characteristics, and pile
penetration resistance would make it possible to confirm the
penetration depth, monitor variations in subsurface conditionmns,
and evaluate the pile capacity using dynamic pile driving
relations. Because of Hart-Crowser & Associates familiarity with
the subsurface conditions and design assumptions, it is recom-
mended that Hart-Crowser & Associates monitor the installation

of the piles and evaluate the pile driving results.

Sheet Piles for Closure

The preliminary plans call for a driven steel sheet pile closure
structure. The approximate location and dimension of the
structure is shown on Figure 2. The pontoons will be completed
in the "dry" within the dewatered graving dock excavation, and
the graving dock will then be subsequently flooded. At that
timé, sheet piles which effect closure will be extracted and

the pontoon elements floated out to the Blair Waterway.

Sheet'piles will resist loads imposed both by lateral earth

pressures and those due to unbalanced hydrostatic pressures.

-The'léteral soil pressure which act against the sheet pile

walls depend on the nature of the natural soils as well as

_drainage conditions behind the wall.__Thé sheet pile walls

have been analyzed for two caées; those pile$_driven along the
sides of the closure structure, and those piles in the closure

section.
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The forces which act on the sheet pile walls which would be
driven along the sides of the closure structure are shown on
Figure 6. These forces are based on the average conditions
disclosed in the borings and Dutch cone penetrometer probes.

It is recommended that the actual subsurface conditions at the
proposed closure section be verified prior to final design.
Discussions in the USS Steel Sheet FPiling Design Manual indi--
cate cantilever sheet pile walls are generally limited by
economics to a maximum height of about 15 feet. for the proposed
closure structure, the proposed sheet pile wall will extend

from about (#)18 to (-)2, somewhat bevond the limits of a canti-
lever wall. Therefore, the wall was analyzed by methods outlined

for anchored bulkheads utilizing the free earth support method.

The results of the analyses indicated the sheet piles: should extend.
beyond the dense sand strata by about 5 feet into the lower cohesive
soils. It is common practice to increase sheet pile penetration by
20 to 40 percent to provide a factor of safety against "kick-out' at
the toe. For the wall configuration shown on Figure 6, an anchor
pull on the order of 8 kips per lineal foot would be required for
stability of the wall for an anéhor‘located 4 feet below the top of
the wall. The required section modulus can be determined by drawing
the shear diagram and finding the moment at the point of zero shear.
The required section may be modified to reflect the relative wall

stiffness by methods outlined by Rowe.

The lateral loading imposed against the sheet piles which effect the
closure is a function of the hydrostatic pressures imposed by tidal

fluctuations. These pressures and the resisting forces on the sheet

~pile wall are shown on Figure 6. Because of the wall height, the

wall was initially analyzed for cantilever support. Embedment depths -
indicated from the analyses were quite large, with stability for the

sheet pile walls requiring embedment depths well in excess of 20
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feet. The wall was subsequently analvzed as if it were an anchored
bulkhead. Sheet pile embedment depths on the order of about 10 feet
were indicated. An anchor pull or other lateral resisting force from
braces or others means on the order of 4% kips per lineal foot of
wall was required for the wall.configuratioﬁ shown on Figure 6. From
a seepage standpoint, it is recommended that the sheet piles for the
closure section be driven to a minimum embedment of 5 feet into the
lower cohesive deposit. This would coincide closely to the 40 percent
increase for a factor of safety for resistance .to "kick-out™. Siziﬁg
of the sheet piles should be done according to the provisions pre-
viously outlined. A similar analysis should be completed for the
maximum storm tide level. An increase .in sheet pile penetration of
20 percent for the more extreme loading condition is considered

warranted.

RECOMMENDATIONS FOR ADDITIONAL SERVICES

The recommendations included in this report are based on the

results of nine widely spaced explorations.- Site specific infor-
mation regarding subsurface conditions in the casting yard, along

the proposed shipway and for the closure structure were not dis-
closed in the preliminary study. In addition, the potential for
disturbance of the medium dense to dense sand strata planned for
spread footing support of the pontoons due to uncontrolled excavation
and sump pumping prior to installation and successful operatlon of

the dewatering system, is apparent,

It is, therefore, recommended that the subsurface conditions which

were assumed for the geotechnical analyses for the various project

components be verified by further field explorations. Additional
geotechnical studies utilizing the actual subsurface conditions
disclosed for the various components of the project would be war- .

ranted if significant changes are noted. The relative effects of
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disturbance within the sand strata planned for spread footing support
within the graving dock should be evaluated after the mass excavation
is complete. Areas which are excavated prior to installation and

operation of the dewatering system should be evaluated further at

that time.

It is recommended that Hart-Crowser & Associates provide periodic
construction and geotechnical engineering services during the

earthwork, dewatering and pile driving operations at the site.

‘The purpose of observing the mass excavation would be to

evaluate stable side slopes for final grading and placement of
slag blanket and buttress material. It is recommended that
Hart-Crowser & Associates observe and monitor the groundwater
levels in various observation wells to evaluate the performance
of the planned dewatering system. It is also recommended that
Hart-Crowser & Associates be provided an opportunity to review

the design of the planned dewatering system.

It is recommended that Hart-Crowser & Associates observe the
pile installation for support of the shipway and anchors and
evaludte vertical pile capacity using dynamic pile driving
relations. Because of the uncertain subsurface conditions in
the vicinity of the shipway, a program of test driving piles
is recommended at different locations to evaluate potential .
different driving and bearing conditions along the shipway

alignment.

It is recommended that Hart-Crowser & Associates be afforded

the opportunity for a general review of final plans and speci-
fications in order that the geotechncial recommendations °
contained in this report be properly intérpréted and implemented

in the design and specifications.
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o APPENDIX A
g FIELD EXPLORATIONS
% The fleld exploration program accomplished for this study consis-

ted of six Dutch cone penetrometer probes, three hollow-stem auger
%‘ borings, three piezometer installations, field permeability testing
= and groundwater sampling. The locations of the explorations are
2 shown on Figure 2, Site and Exploration Plan. Detailed interpre-
& tive logs of the explorationsvare shown on Figures A-3 through A-11.
4 Soil stratification was generalized from drilling observations and
4 samples recovered from the exploration program. Material changes
. shown on the exploration logs are often gradational in nature and
% conditions may vary at locations distant from where the explorations
N were undertaken. '
- The location of the Dutch cone probes and the auger borings were
%" staked in the field by representatives of Hart-Crowser & Associates.
S The locations of the explorations were found by taping from physical
7 features in the field. The relevations for the exploraiion locations were
&, .. determined by interpolation from topographic information furnished
5 by the Port of Tacoma. The locations and elevations of the explora-
'§= . tions should be considered accurate to the degree implied by the

method used.

The Dutch cone probes were completed between February 9 and 16, 1981.
- The auger borings were drilled on February 11, 12 and 16, 1981.
‘The field permeability testing was completed on February 19 and 20,
1981, while the water quality samplés were collected on March 5, 1981.

i

B

Dutch Cone Probes

BOREE

The Dutch cone pfobes, designated P-1 through P-6, Weré advanced to
depths ranging from 52 to 68.5 feet below the existing ground surface.
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The Dutch cone probes were accomplished by Subterranean, Inc. of
Gig Harbor, Washington under subcontract to Haft-Crowser & Assoc-
iates. The principles of the Dutch cone system is shown on Figure
A-1. The system is mounted on a truck which provides the necessary

reaction for the applied loads.

From the results of the penetrometer probes, a direct correlation
is obtained between the point resistance of the cone and bearing
capacity of the soil, and between the sleeve friction and frictional

characteristics of the soil. The relative density or consistency

of the soil being probed is empirically related to the cone penetra-

tion resistance, q.. Further, comparing the values of qé, sleeve
friction (fs), and the friction ratio {(FR = fS/qC in percent) leads

to an interpretive soil classification. The soil classification L

‘chart developed by Schmertmann for use with the Dutch cone penetro-

meter results is presented in Figure A-2.

Generally, a friction ratio value less than 2 indicates sand; a
value between 2 and 4 indicates a silt-sand mixture, clayey sand,

or silt; and values greater than 4 indicate a clayey silt or clay.
The descriptive soil interpretations presented on the probe Iogs
have been developed using Figure A-2 as a guideline with modifica-
tions according to correlations of soil types disclosed in borings
performed at the site and other locations in the vicinity and care-
ful interpretation of the probe results. The results of the.peﬁe- :
trometer probes accomplished for this study and interpretive soil

logs are presented in Figures A-3 through A-8.

Soil Test Borings

The soil test bdrings, designated B-1 through B-3,wére advanced to
depths rahging from 79 to 83% feet below the existing site grade.
The borings were also advanced using hollow-stem auger methods by

Subterranean, Inc. of Gig Harbor, Washington under subcontract to .

Hart-Crowser & Associates, Inc.
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The borings were continuously observed and the soil conditions were
logged by Mr. Russ Prior, an engineering geologist from Hart-Crowser
& Associates. Representative split spbon and Shelby tube samples
were obtained in the field. These samples were transported to the
Seattle laboratory of Hart-Crowser & Associates for further class-
ification and testing. A detailed log noting the stratification

‘encountered in each boring has been prepared, and is shown on

Figures A-9 through A-11.

Representative soil samples were generally obtained continuocusly in
zones of particular interest and at 5 foot intervals elsewhere.

The representative, disturbed samples were obtained using the  Standard
Penetration test proéedure in Borings‘B—l throﬁgh B-3. This test

is a means of determining the relative density of granular'soil

and the consistency of a cohesive soil and consists of driving a

standard 2-inch 0.D. split-barrel sampler a distance of 18 inghés'

using a 140—pbund hammer, free-falling 30 inches. The number of
blows of the hammer required to drive the sampler each 6-inch incre-
ment was recorded by our geologist. The number of blows reqﬁired
to. drive the sampler the last 12 inches is the Standard Penetration
Resistance shown on the Boring Logs, Figures A-9 through A-~11.

To obtain high quality samples of the cohesive and compresSible organic
soils for strength and consolidation testing 3 inch § thin‘wall

steel Shelby tubes were hydraulically pushed into the cohesive A
subsoils at the desired depths. This sampling method reduces the
sample disturbance which occurs when a sample is driven, as in the

Standard Penetration Test procedure.

Field Permeability Testing

Three hydraulic conductivity tests (field.pefmeability tésfs) were
conducted at the Borings B-1, B-2, B-3 locations shown on Figure 2.

"Each test hole was drilled adjacent to a sampled boring using a -
- hollow-stem auger. A 5 foot long 10-slot PVC screen with associated

flush coupled riser pipe was telescopzd down the center of the auger
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so that the mid-point of the screen was approximately in the vertical
middle of the middle.sand layer. A sand filter was placed adjacent
to the screened section and the auger was withdrawn. Development

~was accomplished using compressed air which 1ifted silt particles

to the surface.

'After each test well was installed and developed a falling head test

was conducted (February 19 and 20, 1981). The test consisted of.
rapidly raising the static level within the well by adding water
and noting the falling levels with time. At each hole three trials
were conducted. The data was analyzed using the Basic Time Lag
method developed by Hvorslev (1951). '

Water Quality Sampling

Water quality sampling was conducted on March 5, 1981. Each-boring
was sampled using a nitrogen-gas displecement pump. Prior to
sampling three casing volumes were removed. The samples were_'
placed in sample containers with appropriate preservatives, and
transported to the testing laboratory the same day. The Laucks
Testiﬁg Laboratories of Seattle provided the sample containers

and preservatives and conducted the analyses. .
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¢ PRINCIPLE OF DUTCH CONE PENETROMETER
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/HYDRAULIC . PISTON
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CONE . TOTAL ,
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| ! ! “SURFACE
e . . . ‘ » , ° .
e :” ® ’
NO) ' . L 111 -
OUTER CASING——_] ® - ® .
. .’ ) . . '\ -
. ’ . y . @ .'
. N
INNER ROD |- - . }
l‘( . ~ ’ A..1
i 4cm L_'L{ . .
- » * - X . }
FRICTION ___{fl] : D i ;
SLEEVE ’ T i - {
/P . '
{ ’ ) -
"CONE . H :
. i
’ \ h Y
- 3 " \\ ’
- .44cm ‘" \ P.
- ° 3 ° 1" M) -
[ 4cm ' T . ) 4 .
1 . . . . \\- \ . . .
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' \
I.l
PROCEDURE NOTES: :

L The cone as shown in position | is pushed down I.‘ The cone apex angle = 60°
by the inner rod for o depth of 4cm, ond sectnén area = = {0cm .
the point resistance measured. 2. Length of friction siesve ={3cm

... ; . . - . : digmeter =-38cm

'2.‘ From position 2 .the point s again pushed 4cm . . .
and the combined point resistance and side.
friction is meosured by causing the sleeve to be
lowered as shown in position 3. '

3 The total system is th'en advanced 20cm by
pushing fhe outer cosing to positon 4 - from
which the next test js occomplished. . - ' :

: : J-988 ‘March -1e8l
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Figure A-l
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J L.
. [ 7]
¢l
>
L]
L ]
s
Q

180 Sor e
L ] COMPLETED 2/11/81
r -4
L4 4 - 4
435 [ ]
- s-138 s A ? 135 +
) 8 STIFF, SATURATED TO WET, GREEN GRAY SILT 8 4 |
. 1 h wWITH ABUNDANT ROOTS AND DORGANICS. :
L L E . 1 T
S5-14 i ) - 1
" g <+ 40 - g 1
-1s i a MEDIUM STIFF, WET, GRAY, SILTY CLAY, ABUNDANT T
ROOTS AND ORGANICS, s i
S-16 I F N ° b MEDIUM STIFF, WET, GRAY, SLIGHTLY CLAYEY, FINE, .
i s 4 SLIGHTLY SANDY SILT. . [ :
+ 45 { ]
! | <+
1 ‘ A | I
) } { 1 VERY DENSE, SATURATED, DARK GRAY, FINE TO L |
T S-17 - ® 4 . MEDIUM SAND. .
. 4 -
L
o j . . g 4 !
) 2 s. 10 20 % o 20 ’ , . : 1
' ! 2 5. 10 20 20 100 )
B WATER ~ CONTENT WATER CONTENT ‘
R . N
PERCENT @ _ _ ) PERCNT o |
‘-.‘ v
LEGEND Bentonite Seol ) . ) . :
- . -« LEGEND
g 2" 0.0, Spilt Spoon Somoie ATD Al Time of Drilling — viquid Limit . _ » ' ‘ o
.0. P 4 P . } Plastic Limit E 2" 0.0. Spiit Spoon Sample ATD At Time of Drilling ““'4, Liquid Limit
- N 3" 0.0. Shaiby Somple - Water Loval ) o ) b=+ Plestic Limit
-0. y 4 - PP Pochet Pensiromatar {ial) N 3" 0.D. Shelby Sompls . water Level
. N Observotion Wall 1y Torvone {tsf) . . . o y P ° PK-‘ Poclet Pensiromater (tef)
* 0 Sompls Recovery - . . _ ® No Sampls Recovery ) C:servation Weil 15 Torvena {tad) . J-988 Morch tsel
] NOTE ' Soil descriptions gre interpretive ond actusl changes moay ba gradual. . ) . . HART-CROWSER & cssocictes ing.

NOTE ¢ Soil descriptions ore intarpretive czd octug) changes may bs graduol. .
i Figure A-9
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BORING LOG B-2

STANDARD PENETRAT RESISTANCE
{180 pound weighl, 30 inch orop)
BLOWS PER FOOT A

;
S. INTERPRETATION

STANDARD PENETRATI

SISTANCE

{140 pound weighl, 30 inch deop)
BLOWS PER FOOT A

* Ng Somple Recovaery

SO.NT ERPRETATION

Torvane {tst)

Deptn .
. Depin
Somple 2 s o 2 30 100 tenr GROUND SURFACE ELEVATION APPROXIMATELY 17.7 FEET Somple ) 2 ) 0 20 5 100 tee
r O g - - 50
1 1 MEDIUM DENSE, SATURATED, BROWN TO DARK GRAY, | 1 .
| 4 FINE TO MEDIUM SAND WITH SILT LENSES AND !
S-1 [ ° 4 SHELL FRAGMENTS. (DREDGED SAND FiLL) 1 '
| r 5-;33 e — THIN LAYERS OF SILT AND ASH,
4 b 4 '
5-2 ’ . T5 +55 r‘
) —_— e e — e
F ) 1 — INTERBEDDED WITH LAYERS OF ORGANIC SILT. s 1 VERY DENSE, SATURATED, GRAY, FINE TO MEDIUM
- 1 s ‘ SAND WITH ABUNDANT SHELL FRAGMENTS,
S-3 ! _3’?% SOFT, SATURATED, BROWN TO BLACK, SLIGHTLY S-19l ¢ 4 1!
Tv=.1 cLavey SILT. [ 1.
S-s p > T1'0 L e e 460
‘ s i {MEDIUM STIRF, SATURATED, GRAY, FINE SANDY ~ . 4
- {2/20/81 3SILT. - ]
S-5 1 © 1 !
L ) S-ZOX i . f[ A .
+15 Jr6~>
S-6 2 : -
B TV=.0 T
[ ‘ r 1
5-7 A [ 4 | )
| j —~ SOFT. S-23 + o I ] = SILTY
- 20 170
S5- [ ° A ] g 4
i 1 MEDIUM DENSE TO VERY DENSE, SATURATED, GRAY, g 7
S-9 ® s { SLIGHTLY SILTY, FINE TO MEDIUM SAND WITH FEw S-22 ° 1
- 1 4 WO0D CHIPS, FINE SILT LAYER AT 23.5 FEET. | & .
425 //,’ +75
S-14 L LY ] z -
o P
[ : 3 :
S-1 H ] 4 S 4
, ) 1 T S-23 i .
" GRADES TO SILTY [ ]
-+ 30 —-— .
S-laz ! ° A +80
S0 1 S 1
» 6" ] . 4
- o A 5
S-x% i - 1 5-24 i 'y ]
_1» 5 STIFF, WET, GREEN-GRAY, SILTY CLAY. : J BoTTOM OF BORING 83.5 FEET.
3 . -85 CCMPLETED 2/16/81
NS
1 : ]
[ 1 | 4
S-14 Trv=.2 g 1
= 1 4
° ] _
H _S—].Sé ® + 40 -
i P 1 MEDIUM DENSE TO VERY DENSE, SATURATED, GRAY, . 1 -
_ FINE TO MEDIUM SAND WITH FEW SHELL FRAGMENTS. 4
S~ I6Z 8 o 1L 2‘?‘, 1 8 4
- - | p l
ﬁr— 45 - |
5 ! { I
1
1 1 —_— - - 4
S-1 4 A |® " SILTY 20NE. | 1
T Leo ’ 1
' 2 Y 10 20 50 100 ) 2 5. W0 20 20 oo
WATER CONTENT WATER CONTENT f
PERCENT @ PERCENT @
Bentonite Sea! )
LEGEND LEGEND i
P 2" 0.0 spit spoon sampie ATD | At Time of Driliing I Liquld Limit K 200 s ATD At Tims of Drilling — Liguig Limit
F—  Plastic Limit .0. Sptit Spoon Sample o
" water Level . woter Level ! Plastic Limit
N 37 0.D. Shelby Sample . PP Pocket Penstrometer {isf) N 3" 0.0. Shalby Sampls . ate ove PP 1 Pocret Penatrometer (1sf) :
*  No Somple Recovery Obsarvotion Wall te  Torvona {1sf) Ctsarvetion Well J—988 March 198!

HART-CROWSER & ossociotes inc.
Figure A-i0

NOTE ) Soil descriptions gre interpretive and octual changes may bs graduct, NOTE + Soil d.l:rip!ionl’ﬂr. interpretive oad octual changes may bn‘ @rodual.
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BORING LOG B-Za .
r’c‘SISTANCE

STANDARD PENETRATIO
(140 pound weight, 30 inch drop)
BLOWS PER FOOT A

Sompie ' 2 S 10 20 50 100
S-1 z L A )
. 8
5-2 X - 4 o
- o
i 5-3 |
" S-4& &
L
f~5-5
L. X 4 \ *
= S-6 -
- 7A [ L
uS 7B { Ale
: b
| 5-8 Ez ®
3 A
- i A @«
R r
- §- lOZ r ® =
-
T 5-a xZ 1 e A
L
S—lzz g A a
aal
. -
. 5-13]\ i
+
e 5-1a 1A P,
- i
S"‘SEZ 'y #
] I
L s [
- S-l6§§ i 4 °
]
-y F"
S-17 | o A
3 r
1 2 5. 10 20 50 00
' WATER CONTENT
PERCENT @
S
5 LEGEND Bentonilte Seol
‘ & 2" 0.D. Spiit Spoon Sampls ATD A) Tims of Drilling

& 3" 0.0, Shelby Sample . Water Levet

*  No Sampls Racovery Obsaervation well

i
:
b

E

L.

" Depin

teet

-ro
J .

P

4

Tv=,32

+ 35
4 a0

]
1 a5
1

Ligquid Limit

—
F— piostic Limit
PP

SOI.NTERPRE TATION

GROUND SURFACE ELEVATION APPROXIMATELY 18.0 FEET

SILTY CLAY IN CUTTINGS.

LOOSE, SATURATED. GRAY, SLIGHTLY SILTY, FINE
TO MEDIUM SAND, LAMINATED. (DREDGED SAND
FruLuy.

VERY SOFT, SATURATED, GRAY, SILTY CLAY wWITH
ROOTS AND ODRGANIC MATERIAL,

MEDIUM DENSE, SATURATED, GRAY, SLIGHTLY
SILTY, FINE TO MEDIUM SAND.

VERY STIFF, SATURATED, GRAY, SLIGHTLY CLAYEY,
FINE SANDY SILT.

DENSE TO VERY DENSE, SATURATED, GRAY, SLIGHTLY
SILTY, FINE TO MEDIUM SAND WITH OCCASIONAL
WOOD FRAGMENT.

SOFT TO MEDIUM STIFF, SATURATED, GREEN-GRAY YO
GRAY, CLAYEY SILT TO sSILTY CLAY.

— ABUNDANT ORGANICS.

LODSE TO MEDIUM STIFF, SATURATED, GRAY, VERY
SILTY FINE SAND TO FINE, VERY SANDY SILT.

VERY DENSE, SATURATED, GRAY, FINE TO MEDIUM
SAND WITH SHELL FRAGMENTS AND FEW w0OD
FRAGMENTS.

Pochst Penstromater (1sf)

tv Torvonae (1sf)

-~ MOTE " Soil descriptivas are interpretive ond octral changes may bs gradual.

STANDARD PENETRATION RESISTANCE
{140 pound weight, 30 incn orap)
BLOWS PER FOOT A

’

Somple | 2 s 0 20 50 100

S~zo$§ 1 A

§-21§§ 1 o k

-
. 8 ¢
S-23 A

L
3
}
[
L
b
t e 3. 10 20 %0 00
WATER CONTENT
PERCENT @

LEGEND

" Ar T
@ 2" 0.0, Spit Spaon Somple ATD ) ime of Drilling

“ wg
& 37 0.D. Shelby Somple . fer Levsl

* No Sampls Recovary [] Ctservotion Waell

NOTE v Soil descriplions are interpretive ord octual changes

SOIL INTERPRETATION

Depth
foe!

i

d

65

I

b,

COMPLETED 2/12/8)

=1 | Liquid ‘Limit

— { Plastic Limit
124 iPecin Penatrometar (1sf)
ty  Torvons (taf)

may ba grodueal,
t

BOTTOM OF. BORING 79.0 FEET.

J—988° March 198l
HART-CROWSER 8 ossocliaies Inc.
Figure A-ll
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' APPENDIX B

LABORATORY TESTS

Laboratory tests were performed on representative soil samples
recovered from the borings to establish soil moisture conditions
and geotechnical engineering properties. The Unified Soil Classi-
fication system, -presented in Figure B-1, was used as a basis to
describe the soil samples. Laboratory tests, consisting of
further visual classification, moisture content determinations,
grain size analyses, Atterberg limit tests, consolidation tests
and shear strength tests were performed as described below.

Visual Classification

Soil samples recovered in the explorations were.transporped to
the laboratory where detailed classification was accomplished.'
The visual portion of the 1éboratory examination of the samples
was similar to the field examination, except additional time was

utilized and the samples were viewed in a relatively controlled

environment. Visual classification included consistency or density,

color, moisture content, major soil type and the modifying fractions
in the sample. Classification was then made subject to modification
after additional testing such as moisture content and grain size

analyses had been accomplished as deemed appropriate.

Moisture .Content Determinations

Moisture contents were determined for each sample recovered ‘in the
borings in general accordance with ASTM D 2216-71 as soon as pos-
sible following their arrival in our Seattle laboratory. The
results of these tests are shown adjacent to each soil sample on

the Boring Logs, Figures A-9 through A-11. 1In addition, the
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moisture contents of samples subjected to other testing have been
%j determined and are presented along with the various test results

which follow in this appendix,

Grain Size Analyses

Grain size analyées were performed on representative samples
described in ASTM

used for most samples

generally in accordance with test procedures
i D 422-63.

and determines the size distribution greater than the No. 200 mesh

The wet sieve analysis method was

4

g sieve. The size distribution for particles less than the No. 200
mesh sieve was determined by the Hydrometer method for a selected

g number of samples. The results of the tests are presented as

é:‘:: " . - 3
curves in Figures B-2 through B-4 plotting percent finer by weight

g versus grain size. Each curve is identified as to boring number
and sample number with a complete written description. presented .

o in tabulated form at the bottom of the figure.

: :

Atterberg Limits

Atterberg limit determinations were accomplished for selected
samples of the silt, clayey silt and silty clay. The liquid
limit was determined in general accordance with ASTM D 423-66 and
the plastic limit was determined in general accordance with ASTM
D 424-59. The results of the Atterberg limit analyses and the ‘
" plasticity characteristics are summarized on the Plasticity Chart,
- Figure B-5 which relates the plasticity index (liquid limit minus
The results of the Atter-

the plastic limit) to the liquid limit.
berg limit tests are also shown where applicable on figures

presenting various other test results.
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Cbﬁsolidation Tests

Consolidation tests were performed on selected samples of the
clayey silt, silty clay and the organic or peaty soils to provide
data for making settlement calculations. Undisturbed samples
were carefully trimmed and fit into a rigid ring with porous
stones placed on the top and bottom of the sample to allow drain-
age. Vertical loads were then applied in increments with each
load being allowed to consolidate prior to adding the following
increment. Measurements of the time compression were obtained
during each load increment and rebound was measured during the
unloading portion. Consolidation test results, plotted in terms
of percent consolidation (strain) versus applied load (stress),

are presented in Figure B-6.

Pocket Penetrometer and Torvane

The Pocket Penetrometer and Torvane procedure brovide a quick
approximate test of the consistency (undrained shear strength)

of a cohesive soil sample. The Pocket Penetrometer device con-
sists of a calibrated spring mechanism which measures penetration -
resistance of a small diameter (% inch) steel tip over a given
distance. The tip is pressed against the soil and the resistance

measured at the required penetration (% inch) is correlative with

- the unconfined compressive strength of the soil.

The Torvane device consists of a small diameter plate with eight
equally spaced and radially arranged vanes. .  The vanes are pressed
into the soil and the device is rotated. The vanes force a shear

failure to take place over the area of the face of the platé, and

the resistance at failure as measured by a calibrated spring is

correlative to the undrained shear strength of the sample tested.
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The,results of the Pocket Penetrometer and‘Torvanevtests are
shown on the logs of borings corresponding to the depth of the

sample.

Unconsolidated-Undrained Triaxial Test

-The unconsolidated undrained triaxial test (UU) is a method used

to measure the undrained strength of the soil at approximately

the in situ pressure and moisture conditions. The tests were
performed by trimming a specimenzfrom Shelby tube samples

to a length of about 5% to 6 inches. The sample is encased in a
rubber membrane and then placed in the triaxial cell. An all-
around pressure is applied hydraulically and is about equal in
magnitude to the overburden pressure. An axial vertical load is
then applied at a constant strain rate to the sample. The stress-
strain behavior is recorded until failﬁre takes place without
allowing drainage from the specimen. The failure stress is taken
as the maximum load on the samples. The specific test results

are shown on Figures B-7 and B-8. The shear strength is considered
to be one-half the maximum deviator stress based on a § = 0°

concept utilizing a total stress analysis.

Direct Shear Tests

Direct shear tests were performed on selected samples in general
accordance with ASTM D 3080. Relatively undisturbed samples were
trimmed and fit into a direct shear ring having an inside dia-
meter of 2.5 inches. The top and bottom surfaces of the samples
were fit with perforated metal plates. After applying the desired

“normal force, the specimen were submerged. The specimen were then

failed using a loading device at a controlled rate of strain of
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0;0025 inehes per minute. In each test sufficient sample strain
was achieved to evaluate the peak strength of the sample. The
results of the direct shear tests are presented in Figures B-9
and B-10.

- Consolidated Undrained Triaxial Tests

The consolidated undrained triaxial (CU) test with pore pressure
measurements is a method of measuring both the undrained and the
drained strength behavior of the soils at stress levels greater
than the existing in.situ'stress conditions. The test specimen
preparation for the CU test is the same as for the UU test. When
the sample is placed in the triaxial test cell, the all around
pressure is applied hydraulically and drainage from the sample is
allowed through porous stones located at the top and bottom of the
sample. The soil structure adjusts to the increased pressuée by
the mechanism of : .consoldation and movement of pore water from the
sample takes place. When consolidation is completed, drainage
lines from. the sample are closed and the sample is sheared to
failure by application of increasing vertical axial load at a

constant strain rate as in the UU test.

During the shearing process, the magnitude of pore water pressure
developed is recorded. Fremvthe data, two sepafate plots are
developed. The total stress plot measures the undrained (total)
shear strength for the soil for varying consolidation pressures.
The effective stress plot measures the drained shear stength

(total stress minus pore water pressure) with varying consolidation
pressures. The data is plotted using principal stress versus

shear stress as Mohr's circles and the tangent to the Mdhrfs
circles for a test series represents the angle of internal fric-
tion (@).'VThe’intercept along the vertical axis is .the apparent

cohesion - (e).
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The results of the undrained test data are shown on the lower
plot of the Triaxial Compression Test form, using sblid linés,
and the drained behavior is indicated using dashed lines.

Specific test results are shown in Figure B-11, Triaxial Com-

pression Tests.
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3 5 o GP Poorly graded grovels, gravel- AGo =24 H d
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= :DT "a_ MH moceous fine sondy or silty soils, o B OH and MH
AEER e elostic silty - -y
A | o : / :
i 72 A 2 -
E - F 3, = ) .
§ 3 % CH fnor gonic cloys of h:gh Ph:shc:l‘y, for a i I N )
¥ z o ., cloys 10
o o o -
il 2 e /
> - 5
£ g 2 . ML and OL
> 3 OH Olgomc cloys of medium 1o h-gh :
< p=4 o)
2 B ‘plosticity, orgonic silts o 40 50 &0 70 80 90 100
3 o . .
ilo : Liquid Fmit
@ o x . . . : ’ .
; ; g_§ nz Pt Peot ond other highly orgonic soils - . Plasticity Chort
i : - -
*Division of GM oad SM grovps into ubdvvmu-u of d ond v ore lo: roods ond oifields on'y Subdivision b haored on Aﬂefbwg fimits; -
JHir d wned when UL b 78 o less 0nd the PL s 6 or lens; the suffia v vned when LL s greoter thon 28, - . Lo X . . N
"= Borderfine (Jossufcotiom, wed for.sods povsessing choronerin of 1wo groups, ore derignoted by combinctions of group iymboh. } B

J-988 . MARCH-, 1981

HART- CROWSER 5 ASSDCIATES INC.
FicurrFr RB-1

'{ for eaomple: GYW-GC, -—rﬂ-g:nded grovel-sond mixlure with cloy binder,
! .
t



};?.':A,:.‘W‘!

i

»

-
by

T

B

ol ]

R

t

:m

%

o

it

;]

i

-

3

® - o
GRAIN SIZE CLASSIFICATION

Sieve Analysis Hydrometer Analysis
Size of Opening in Inches [Number of Mesh per in, US Stondard Grain Size in mm
v —
o © e m le' _$$§S N (24 e g S 8 §8 ;3 8 6§§ 8§ § 8
160 —T )
N
s0 \\ \\ : 10
80 N \\ - 20 '
z N 3
o 70 3 2
= \ e
N 2
P
o0 60 - 40
5 g
£ so \ 50 &
i N g
g w ' \\i oo
a 0 . \\\ y ° g.
S
20 AN so
NN
B-1, S-10 ]
10— B-1, 5-11 : - \\ti i 90
| =
°¢E 883 §¥ g cTevr o ~ev enw -g8% 583 G385 5838 8
"N Grain Size in Millimeters @a a@
Cobbles Coorsz | Fine JCoarse| Medium |  Fine Fines
ravel Sand
. Nat. . Atterberg Limits
Sample Depth-ft - UScC Classification WC % LL PL Pl
B-1 25.0 - SM SLIGHTLY CLAYEY, VERY SILTY
S5-20 26.5 FINE SAND. 29
B—‘I 27.5 —. ML - SLIGHTLY CLAYEY, VERY SANDY )
S-11 29.0 SILT. 31
J-988 March 198I
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Figure B-2
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GRAIN SIZE CLASSIFICATION

Percent Finer by Weight
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21.0 — SM SLIGHTLY SILTY, FINE TO
22.5 'MEDIUM SAND. 25
25.0- SP-SM SLIGHTLY SILTY, FINE SAND. 29
26.5 - :
30.0 - SM SILTY FINE SAND 24
31.0 )
32.5 - SM SILTY FINE TO MEDIuM SAND. 23
33.0
J-988 March

198l
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Figure B-3
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GRAIN SIZE CLASSIFICATION

Sieve Analysis Hydrometer Analysis
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TRIAXIAL COMP&SSION TESTS

Sample Classification and Remarks:

VAR

] = 2 [ PR hehl meerm e MLy et mttereiem iibaees fe seman aimteim seeayio — - -
P | STRESS vs. STRAIN
[
i . I
i — 0~ 03* Devictor Stress oNSOLIDATED-UNCRAINED (UU)

. 1 . oo
o ___p = Pore Water Pressure '3ER PRESSURE APPLIED WITHOUT
(. CONSCLIDATION. SAMPLE SHEARED
i .A 2°. — SN P °

e

#1THZUT DRAINAGE.

) @
[+
E” z
g » (<EST ~NO. 1 1T | 111
- 3 ECRING-NO. B-2 3-3
o SAMPLE ND. I5-3 S-3
& » DEPTH B.6- |9.4-
B b.s  110.0
B, e e T e e CELL PRESSURE,PSI 7.5 7.5
..... CGNSOLIDATION PRESSURE, PSI 7.5 7.5
1 Al S S HEIGHT, INCHES 65.24 16.01
¥ DIAMETER, INCHES 2.85 |2.78
L s wET UNIT WT., PCF 96.7 {114,
.. Choron w.C. X, BEFORE TEST 60.2 |62.8
w.C. X, AFTER TEST 59.7 }«1.3
- ATTERZERG LIMITS X LL e 30
g e e PL |44 23
% - T 1 P11}« 7
12 16 2¢
PERCENT STRAIN
L
- -
5
e
- 3§ oo e e o e e
{ MOHR STRENGTH ENVELOPE i AR S
& g Total Stresses : il
! == == Effective Stresses i
- ! il
g 1s' Foilure Criteriol ©1/0, i .
§ I
o i ..... . ...............
- z -
: i . !
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N |
kY w e .
o« 1% ]
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;s
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. « ] -
3
i/’«'ll :
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b ° s ie 18 2t
PRINCIPLE STRESS IN PSi
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TRIAXIAL COMPngION TESTS
.-
- 3 o i Sample Clasgsliticatlon and Remarks:
STRESS vs. STRAIN
. : P . ) ED-UNDRAINED (UU)
—_—0;-0<= r St UNCONSOLIDATED s
1 37 Deviator Stress CHAMBER PRESSURE APPLIED WITHOUT
———p = Pore Woter Pressure CONSDOLIDATION SAMPLE SHEARED WITHOUT
DRAINAGE.
20
i
/-
] T
[*] H-3
o Lol B
g& -z R R S o
s§ (-] ool R B TEST NO. I 11 d11
= woo oo S BORING NO. B-1 | B-1
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- o P S DEPTH 14.0-|19.0
;3 14.5 |19.5 1
i CELL PRESSURE,PSI 10.0 |15.0
CONSOUIDATIGN PRESSURE, PSIJ10.0 }115.0
HEIGHT, INCHES 6.643] 6.43
7 DIAMETER, INCHES 2.80) 2.77
& WET UNIT WT., PCF 103.61118.9
... w.C. %X, BEFORE TEST 57.5 |35.9
w.C. X, AFTER TEST 56.9 |3s5.5
L ATTERBERG LIMITS X LL (39 26
ii PL {24 23
?‘i P1 |10 3
PERCENT STRAIN
-
~.
g CMOHR STRENGTH ENVELOPE "o .0 o bl i il i n ool b,
8 ’ : Total Stresses : Tl
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o
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z
21 m
w
E" ©<
[
o
g
W
=" <
[+
11
4 . R s - _?t s 75 - h

PRINCIPLE STRESS IN PSI

March 1981

J- 988

HART-CROWSER & sssoclates inc.
Flgur‘o B-8




ey

T &

il

R S

~

R

s

TR

ey

-7 .

TEST SAMPLE
NC.

SHEAR STRESS rt ksf

2.0

o

(©]
16)

DIRECT SHEAR TEST RESULTS

v
~13r
// |
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>
s
05 .o 15 20 25
NORMAL STRESS o ksf
DEPTH COMPACTION  %%W.C. ATTERBERG CLASSIFICATION  WET UNIT
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14,0~ 36 24 10 SANDY SILT.
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4.0 72 .92
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DIRECT SHEA? TEST RESULTS ",
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{MOHR STRENGTH ENVELOPE

L]

TRIAXIAL comp&ssuon TESTS

STRESS vs. STRAIN
———0,'03= Deviator Stress

i=—-p = Pore Water Pressure -

PERCENT ST

Sample Clasgsification and Remarks:

CoNSOLIDATED-UNDRAINED (CU)
AL LL SAMPLES CONSOLIDATED TO Dao
AND SHEARED UNDER CONSOLIDATION PRESSURE.

STRAIN RATE ,010 IN/MIN.

5 PS] BACK

AlN

Tota! Stresses

----- Eftective Stresses

Foilure Criterio: O91/0,

Y]

PRINCIPLE STRESS IN PSI

PRESSURE. - ALL SAMPLES WERE. VERY SOFT.
TYEST NO. 1 IT L I111
SORING NO. 3-2 3-2 "3-2
SAMPLE KNO. S5-6 S-6 [5-6
DEPTH 15.3-116.,0-16.5-
15.8 [16.5 {17.0

CELL PRESSURE,PSI 12.5 )15 17.5
CONSOL IDATION PRESSURE, PSI|5.0 5.0 I5.0
HEIGHT, INCHES 6.39 |6.16156.59
DIAMETER, INCHES 2.82 J2.8012.77
WET UNIT WT., PCF 118.9)122.3{122.7
w.C, X, BEFQORE TEST 31.2 {33.831.6
w.C. X, AFTER TEST 29.5 |29.8128.3
ATTERBERG LIMITS X L {22 22 22

PL |20 20 20

Pl |2 2 2

J-9088

March

1981

HART-CROWSER & anaoclno} Inc.

Filgure B-
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Doratories, Inc.

1008 Weestiern Avenue. Scatthe Washingion S3104  (206)622-0727

Certificate

Chemistry Microbiology. and Technical Services

cuent Hart-Crowser & Associates, Inc.
1910 Fairview Avenue East
Seattle, WA 98102

REPORT ON

WATER

SAMPLE

Markea: 1)

INDENTIFICATION B-1 RCP
2) B-2 RCP
oRssoLTS 3) B-3 RCP
1
Nephelometer Turbidity,
units . 40
Color, units 500
Specific Conductance,
micromhos/cm at 25°C 17,000
Arsenic Less/.01
Barium Less/.25
- Cadmium .024
Chromium .020
Iron 4.9
Lead .18 .-
Manganese 2.2
Mercury Less/.001
Selenium Less/.005
Silver : .024
sodium 2,700
Fluoride _— ' .8
Nitrate as N ' .2
Chloride 7,400
Sulfate as S04 40

&Eﬁ%

LABORATORY NO. _ 72951

DATE March‘ 20, 1981

3/5 3:12 .
3/5 8:00 AM
3/5 11:10
. Maximum
2 ~ Contamination Levels¥*
100 1.0
1060 15
16,000 700
parts per million
Less/.0l .05
Less/.25 1.0
.019 .01l
.014 _ .05
4.1 _ " -3
.16 ' ‘ .05
1.4 .05
Less/.001 ..002
Less/.005 - .01
.020 .05
2,360 20.0
1.0 2.0
Less/.2 10.0
6,600 _ _—
25 -

This rep0rT I3 SuUDMItLeC fOr the $1¢ udive U OF 11 DErsON, Dart e BNID, OF COPOB1ION 1o whom it is midressed. Subssquent uss of the namne of INis cOmpany of sny )
. Member 0f 1t $18H 10 CONMIC!H . . ath the aGverthising Of 3844 Of 31y PAOGUCT OF P .. _ o33 Wikl Do 541 8nted Only ON CONIRCE. THhis COMpadiy ALCePla 1O 18sPONBIDIUTY sxCopt
10 LD Bue ParfOrMance Of inedw 1N BAGFO! anvalysi In 0O Lalth snd MCOrIng i > tre Tules oF 1he 1ra0e And of sclencs,
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| Testmg Eaaoraiones fnc.

0% Western Avenue Seattle Washinglon 68104 (206)622-0727

Certificate

Chemistry. Microbidlogy: and Technical Services

Hart-Crowser & Associates, Inc.

pH, glass electrode
at 25°C

Phenols

Calcium

Total Dlssolved
Solids

Alkalinity as.CaCO;
Hardness as CaCO3
Dissolved Oxygen

ND
370

15,000 14,

620 1,

4,000 3,
ND

VOLATILES

acrolein

acrylonitrile

benzene

carbon tetrachloride
chlorobenzene
1,2-dichloroethane _
1,1,1-trichlorocethane
1,1~-dichloroethane
1,1,2-trichloroethane
1,1,2,2-tetrachloroethane
chloroethane
bis(chloromethyl)ether
2-chloroethylvinyl ether
chloroform
1,1-dichlorcethylene -
1,2-trans-dichloroethylene
1,2-dichloropropane

1,3~ dlchloropropylene
ethylbenzene

000

400

100
0.1

PAGE NO. 2

LABORATORYNO. 72 95 1

2b** 2c*x 3 3b***

ND _—
80 —

8,000 _—
1,100 —
1,000 —
0.1 0.1

concentration, uq/L

%%5%5%%5%%%%5%5

%5%5%%%5%%%%%%%%%%5]~
 BBBBEEEEE3355888888 |

L, This repon is submitted lor the exclusive use Of the person, Partnership, or corporslion Lo whom 1t is a0dres3ad. Subsequent use ol the rnane of this company of aay
member of i1 318H in Connection will. Lhe acvertising Of S8k Of any Product Of Pree o x> will be granied only 00 CONLACE. THis C M ey aXickls HO w;.aunpb-hl, except

/i lovunowMmdmwnmmm.mgooalmnwmmngh u-uumonhnrmmdotm
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Tesi a, Inc. | . ~ Certificate

1008 Weestern Avenue. Seattle Washington 98104 (206)622-0727

Chemistry Microbiology, and Technical Services

]

Hart-Crowser & Associates, Inc. _ ' PAGENO.. 3

LABORATORYNO. 72 95 1

concentration, ug/L

31 2 3
niethylene chloride tr tr tr
methyl chloride ND ND ND
methyl bromide ND ND ND
bromoform ND ND ND
~dichlorobromomethane ND ND ND
trichlorofluoromethane ND ND ND
dichlorodifluoromethane ND ND - ND
chlorodibromomethane: ND ND " ND
tetrachloroethylene ND ND ND
toluene - tr ND ND
trlchloroethylene tr tr & o
vinyl chloride ND ND ND.

*Per Curfent E.P.A. and State of wéshington regulations.
**Duplicate of sample #2 - : -
***pDuplicate of sample #3

Explanation of Symbols

ND : None Detected

tr = Trace (Less than 10 ug/L)

Lower Limits of Detection (ND) g /L
Phenols —~——=———cmmmmmme 005
Dissolved Oxygen --—-——————————-—-—= 0.1

The lower limit of detection for all of the volatilés,

with the exception of acrolein and acrylonitrile is 1 ug,/L.

Acrolein and acrylonitrile have a limit of detection of 100 ug/L.
ReSpectfully submitted,

JMO:ks J. M. Cwens

R Thes 1e00rt in submetted {of the saciussve use O the DEBON, PAINSCAMN, Of COMMOMELIONA 10 whom i is 330ressad. Subsequent usa of the name of this company or sy

rremmiogt Of 518 BLAIT 44 COMMCTION i 1 Idverlising OF 32ie Of By DrOGUCT Of Pr OCE s wsid D Sranted 0Nty on cONIract. THus ComMpie. / wiloGls M fusjasinlility Bxcept
$of the Oue Performence of inapec inss a&auﬂmmmlwhmmwug + 2 Of e 17208 and Of 3cience.
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Tes s,mg Eabora’iones Enc

100 Warstern Avenue. Seattke Washingion S84 (906)520-0727

Certificate

Chemistry, Microbs » and Technical Services

cuent Hart Crowser & Assoc1ates, Inc.
1910 Fairview Avenue EBast
Seattle, WA 98102

LABORATORY NO. 72 95 l_b

PATE March 20, 1981

REPORTON WATER
SAMPLE ’
INDENTIFICATION 3) B_3 RCP 3/5 ll: lo
o Ma ximum
_TESTS PEAFORMED ' Your Sample Contamination Levels*
AND RISULTS: .
Nephelometer Turbidity, .Units 25 1
Color, Units 150 15
Specific Conductance,
micromhos/cm at 25°C 9,000 700
parts per million
Arsenic <.01 .05
Barium <.25 1.0
Cadmi um . 015 .01
Chromium L .022 .05
Iron 4.7 .3
Lead .08 .05
Manganese 1.6 . 05
Mercury o <.00L . 002
Selenium <. 005 .01
Silver <. 01 .05
Fiuoride .6 2.0
Nitrate, as N .4 10.0
Sodium 1,400. 20.0
‘Chloride 3,200. -
‘Sulfate as SO4 12. —_———

*per current E.P.A. and State of Washington regulations.

Respectfully submitted,

,1/-',.—-'-'—-. . This report 13 BUbMItIe0 [or the sxChusve usd Of 1he Deraon, Dartnesshif
.

M. Owens

Lancks éizjiij;ifboratories, Inc.

co:poulon 10 whom 1 |3 addrassad. Subsequent use Of 1he name of this COMpany of any
b L) MemDer of 13 312t 10 CONMECTION wiih Ihe ACYIN PN OF 3aM O Aty ProGUCT Of Process will be pranisd only on contract. Thi company pccopls no:»ponalb-hty nc.gq
N\ L AL 100 the due Mo'mconmpod-onmo:mwnnpoodlmhwmmlolmmmonmunmo{xm
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ENGINEERING DESIGN ' é(i ' ANVE! 1675 W. BAKERVIEW ROAD
PROJECT MANAGEMENT ‘ —

\ - BELLINGHAM, WA. 98225
TESTING LABORATORIES (206) 6711450

INSPECTION CORPORBRATICN

September 24, 1979
~Job No. 79-837

Snelson-~-Anvil, Inc.
P. 0. Box 70
Anacortes, Washington

Attention: Mr. L. K. Levorsen

Project: Cap Sante Waterway Improvementé, Anacortes, Washington

&

bo)

Report of: Pr ellmlnary Sub-Surface Soils Investigation

INTRODUCTION

This report presents the results cf our Preliminary Sub-surface Soils
Investigation at the above site. The investigation was conducted both
on~shore and off-shore in order to determine the physical characteristics
" of the soils, especially pertaining to dredging and disposal operations.
Studies were alsc made regarding the engineering properties of material
removed by dxedglng and ﬂep081ted on the land.

This study provides the following:

i. A general evaluation of sub-surface conditions.

2. . Relative ease or difficulty of dredging the bcirom sediment
lying near shore of Fidalgo Bay.

3. Existing sub-surface soil conditions surrounding the abandoned
Scott Paper Mill.

4. Engineering characteristics of soil deposited ou the paper

" mill property on and off the shore line.

5. Recommendations for censtruction procedures to be followed
in order to provide working areas for construction and load-—
ing of modules.

BACKGROUN LNFORMATION

This preliminary investigation is aimed at providing general information
as to the feasibility of the development of the area. Moxe detailed soil
studies will be neceded later when specific design studies of facilitiles
~are made.



.’ ANVIL CORPORATION .

Snelson-Anvil, Inc. -2~ ‘ September 24, 1979
Anacortes, Washington . , Job No. 79-837

The site lies on the. velatively protected northwest shore of Fidalgo
Bay, on the east side of Anacortes, Washington. A small boat harbor °
(Cap Sante Marina) has been developed just to the north of the subject
area. The boat basin has been protected with two wooden pile break-
waters and a rock jetty. The Cap .Sante Waterway, providing a passageway
from the boat basin to deep water east of Cap Sante, is maintained with
a width of 150" and a depth of 15 - (A1l elevaticns in this report are
in reference to Elevation 0.0, which is the nean lower low water, and
is equivalent to Elevation 90.36 of the City of Anacortes datum.)

Snelson-Anvil has developed a modular assembly and barge loading
facility just to the south of the area.

The Corps of Engineers dredged a barge cbannel to depth ~ 18 .in 1975-6
east of the outer harbor line. :

The preoperty is the site of the former Scott Paper Company mill.
Numerous structures are present in various states of disrepair. One
large pile of wood processing waste. is present on the north side of -
the property. This material is currently being slowly hauled away.

Possible site developments include the following:
1. Construction of a side- loadlng wharf along the north shore

6f the pdper mill property

2. Construction of pier facilities along the east shore of the
paper mill property just south of the existing breakwaters.

3. Construction of barge-loading facilities similar to Snelson-
Anvil's present north loading area.

Development of present paper mill property into some light
industrial usage, espe01ally types needing ad1acont pier
facilities. :

I~

A-study of the Dames & Moore Report, No. 7923-001-05, of January 17, 1975,
and the Roger Lowe Associates Report eof January 30, 1976, was made in order
to correlate the inforwation contained therein. Those reports covered
test berings made on Snelson-Anvil's property to the south of the area’
covered by the present investigation. : '

TEST_HETHODS

Eight (8) test pits were Qug with a rubber-tiréd backhoe at the locations’
shown in the attached Test Hole Location.Plan. Test pits were dug to

‘depths of up to 12' below existing grade.

Twelve (12) test holes were drilled off-gshore with a truck-mounted rotary



® anvie corroraTiON (@)
~ Snelson-Anvil, Inc. © 3= September 24, 1979
- ' Anacortes, Washington : Job No. 79-837

i

2w

Srlmn

hydraulic drilling rig. The rig was supported on a 30' x 70’ barge
especially equipped for drilling holes through a hatch in the center
of the barge. The barge was posltloned with anchors and/or mooring

‘cables. The test holes were advanced either to a dense sand or to

elevation -20. Hole 18 was drilled to --37.6. ‘ '

' Representative samples were obtained in order to classify the soils.
Samples were tested for moisture content by ASTM Method D-2216 and for
Atterberg Limits by ASTM Methods D-423 and D-424. The 7% passing the
#200 sieve was determined .by ASTM D-1140. These tests were used to
classify the soils by ASTM D-2487 and D-2488. ’ :

Biic)

PRIEIANS

i ) .

i Standard penetration tests were made in accordance with ASTM Met hod

‘ D-1536, at azbout 5' intervals in all off-shore test holes.

j A1l sampling and testing was performed under the supcrv1s:on of the

i undersigned, and our IQPTEDenta;IVe was present during all operatlons.
TEST RMSVHA.

The detailed test results are pteeehted’iﬁ'the accompanying Soils TLogs.
The on-shore test pits showed the material to consist primarily of wood
nill waste, logs, organic matter, etc. Test Pit 2 did encounter a de-
posit of dense sandy silt at an elevation of +5.5, however, Test Pit 3
showed considerable gravelly sand below 2', which was probably an old
granular fill. ) - .

The off-shore borings showed the primary sediment to consist of .an
inorganic silt, Classification ML, that is in a soft condition. The
3 0" (zerc) blow count shown in the Logs for this material means that -
i the weight of the drilling rods and sampler was sufficient to drive
the sampler at least 17 without any blows of the drop hammer.  This
deposit is deepest in the area furthest. from shore (TH 19), and be-
comes shallower as the shoreline is dpproached

o -Below the deposit of soft inorganic silt, the soil consists of a light
i grey sandy silt that becomes denser and coarser with depth. The top
- of this stratum is located at Elevation -20.4 in TH 15, -16.3 in TH 14, .
-20.9 in TH 9, -12.7 in TH 8, and -11.4 in TH 9.  This deposit classifies
as an SM-ML. It has probably been consolidated by the tremendous pres-
3 sure of the ice formed during the Fraser glaciation some 11,000 years

ago. This glacier at times was up to 5000Y thick, and the ground sur-
% face was depressed some 300 to 400' below sea level.

Test Holes 18 and 19 alsc showed the sediment contains no shell iragmcn(;,
. . buL the relative quantltv increases the’ C}OS:; one comes ko sbore.

,QL Hole 11 showed a pocket of coarser sand with gravel 2t an elevation
f ~15.5, although the blow count was 0.
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e Snelson-Anvil, Inc. : -4— September 26, 1979
'§ Anacortes, Washington : Job No. 79-837

The Dames and Moore and Roger Lowe reports- indicated that along the
[ shoreline, the dense sandy silt extends to an elevation of about -13.
k# Below ~13 the soil consists of a very hard clayey silt with blow counts
well above 100/ft. - :

DIbCUSSlON AND RECOMMENDATIONS
REDGING

- The area more than 1000' east of the ohorellne ‘should be easy to- dredge
by clamshell or hopper to an elevation of -20. This includes the area
beyond the outer harbor line north of the Snelson-Anvil/Port of Anacortes

iine, and more than 200' beyond the inner harbor line south of

line. The area south of the property line contains soft
t.least -15 everywhere east of the inner harbor line,

SRty
+

[RETue

oy wom

would be more dif FlcuLt in’ the dense sandy sllt below ~11 in
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LAY

i Because the silt deposit contains little clay, dredglng will not produce
i . an excessive amount cf turbldlty

If sufficient area for f£ill can be established along the shoreline south
-}- of the Port's property lime, the dredged material could be deposited by
o using a bulkhead forx conta1nment Exposure to air and drainage would
result in rapid firming of the silty soil. It would probably be desir-
able to place the coarser sandy silt at elevations below O.

O
iy 3

The process of drying and firming could be accelerated by crust manipula-
tion such as described by Haliburton of the Corps of Engineers in
Technical Report DS- 78-11 of the Dredged Material Research Program of

the Waterways Experiment Station.

Hadgig

| Any excess of dredged material over that placed on the shoreline should
= be dlspo sed of in designated areas of open water by bottom dumping.

ENGINEERING PRCPERTIES OF DREDGED FILL : . . :

i The fine sandy silt nature of the sediment is not good foundation material.
However, after dewatering and densifying, it could be used as a foundation
for an industrial work area, provided sufficient stabilization procedures
were followed.. - ‘ ' ' '

Assuming the silty soil could be brought to s CBR value of at least 3, an
adequate work area for heavy industrial traffic could be acbieved by the
S placement of at least 30" of pit runm gravel, 10" of crushed base course,
and a wearing surface either of. crushed rock top course or asphaltic con-
crete. Some settlemerit of the underlying £fill could be expected, .but
would nccur in a very short time.



Lo . . ANVIL CORPORATION '

Snelson-Anvil, Inc. -5- September 26, 1979
Anacortes, Washington . Job No. 79-837
e : CONCLUSIONS
Additional test borings may be needed when specific structures are
‘planned. If there are any questions regarding this preliminary in-
3  vestigation, please contact the undersigned.
- Respectfully submitted,

ANVII. CORPORATION

o G/,/ZZZ;ZEZfZﬁ;LcA?Clxgiziziiﬂffég\w
N o _ Wallace L. Rankin, P. '
Soils Engineer
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ANVIL CORPORATION

Cap Sante Waterway

Snelson-Anvil

FROJECT CLIENT
‘LOCATION ~Anacortes, WA . '
— JOB . NO. 79-837
SOILsS LOG
" HOLE NO, LOCATION - ENGINEER-
1 N554,550 E1,570,260 G. Richardson
DRILL TYPE BIT TYPE DRILLER
Backhoe -
© SURFAGCE ELEV. - TOTAL DEPTH -WATER LEVEL
14.6 9.07 8.0
CATE STARTZE DATE COMPLETED ) WEATHER
Aucuss 221679 August 23, 1979 Cloudy
- . S,
ey gy | DEPTH [SAMPLE| N TOIST - , Y,
‘lZL%‘v- . No. | B/FL | % DESCHIPTION} M
Dark brown sandy silt
1 highly organic - large logs
¥ wood chips + misc. debris
| -moist --loose
6.6 1. 8.0 1
5.6 9.0
Bottom of Hole

!
1
r
i
A

FVIL T8
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ANVIL CORPORATION

[
'
i
5

PRCJECT Cap Sante Water‘ﬁ’ay CLIENT SDCIS_OH~AHVi‘l
LOCATION _ Anacortes, WA
— JOB . NO. —19-837
SOILS LOG
HOLE NO. LOCATION ' ENGINEER o
2 N554,650 E1.570.140 G. Richardson
DRiLL TYPE BIT TYPE . DRILLER
Backhoee . . - -
SURFACE ELEV. TOTAL DEPTH . WATER LEVEL
1460 10.0° 8.5
DATE STARTED ] o DATE COMPLETED WEATHER
Aupust 23, 1979 August 23, 1979 Cloudy
) : 5
TZ;HO N;T” 5‘“:‘;‘_'5_ B/hFT. MaisT - DESCRIPTION .ng
Light grey gravelly silty sand |53}
. . da,
1.5 1 some wood fiber-moilst-med.dense s
Dark brown weood fiber, saw dusti=.
~and wood chips T o %
. s
. ) ot
Moist - loose %
~
- ;-') |
A R < . :
5.5 | 8.5 7 o w V
Light grey brown gravelly sandy Ui =
4.0 lo.o 3 - saturated-dense silt{yd

3
]
3
a
L)

RS

peramers

Botrtom of Hole.

ANVIL T3 -




o ANVIL CORPORATION _
" PROJECT Cap Sante Waterway CLIENT Snelson-Anvil
LOCATION Anacortes, WA .
g . JoB  NoO. 79-837
SOILS LOG
i HCLE NO, ; LOCATION . ’ o ’ENGiNE‘ER‘
- 3 N554,800 _E1,570,190 G. Richardson
d DRILL TYPE SIT TYPE : DRILLER
# Backhne - -
SURFACE ELEV. TOTAL DEPTH WATER LEVEL
. 13.0 10.0" 3.0'
!I DATE STARTED DATE COMPLETED WEAYHER
: . Auwcust 23, 1979 August 23, 1979 Cloudy
- : ; 5
. DEPTH iSAMPLE N ] MoisT o ' CBESEHR I Y,
7 ELEY DESCRIPTION ™
j 13.0 FT. NO. B/FT. % , . : 8
] Dark brown gravelly sandy silt ’g pA
highly organic ~ wood chips /) -
2.0 i moist - loose o
" i ’;..
| Bouldgrs — shale &
: .Light grey gravelly sand e
b P 2 .moist - dense .;.
| Fill =]
, &
= :g,
5.0 1.8.0 e _——&Z:
i A @ :
3.0 ]10.0 =
i ' Bottom of Hole
o Buried wood retaining x
- wall exposed W. of hole
g y
) -
5[ o
-
L
HYIL 75

£




ANVIL CORPORATION

PROJEDCT Cap Sante Waterwav CLIENT Snelson-Anvil
LOCATION Anacortes, WA » '
. ‘ . 9.
_ SOILS LOG
HOLE NG, LOCATION ENGINEER _
I N555,120 E1,570,210 G. Richardson
DAILL TYPE BIT TYPE DRILLER
Rackhpe: - - - o L
SURFACE ELEV. TCTAL DEPTH WATER LEVEL
13.0 11.5! 8.0
GATE STARTE DATE COMPLETED WEATHER
o Ausust 23, 1979 - Auoust 23, .1979 loudy
- ‘ s
» DEPTH |SAMPLE| N MOIST Y
ELEV. UESCRIPTION M
 13.0 =Y, No. | B/FT. % | JESC . B
‘Dark brown gravelly silty sand '7" _
highly organic-logs, bricks - y _
some chemicals-sulfur & gypsum { ' '
1 . - L
moist —~ loose : ? -
. . ; Sy o
Concentrated wood scrap ?
i o ; :
{ 5.0 8.0 .
K3 It
| V=
i N
\
.; i
L]
[ .
¥ |
LRI B O )
Bottom of Hole

SMVIL T8
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ANVIL CO_HPORATION

- PROJECT Caé Sante wéterway CLIENT Snelson-Anvil
LOCATION __Anacortes, WA
_ ' JOB NO. —19=837
SOILS LOG
HOLE NoO, LOCATION e - "} enGiNEER
» 5 N555,340 E1,570,350 G. Richardson
DRILL TYPE BIT TYPE ' DRILLER
Backhoe - . -
SURFACE ELEV. TOTAL DEPTH ‘"WATER LEVEL
15.0 10.5" 9.0'
DATE STARTEL DATE COMPLETED WEATHER
August 23, 1979 August 23, 1978 Cloudv
. : . 45 .
- ., | oEPTH {sampLEl N MOIST A
ELEV. | S No. | 8/F. ” DESCRIPTION M
i5.0 . g
Dark brown gravelly silty sand|‘3]
] ‘highly organic-logs & wood chigs.
] Some chemicals-sulfur~bricks é2§—-—~——~— e
: 2 wood piling
1 moist - loose . ;é' '
e
b concentrated . wood ‘
i scrap ;f?
—.
6.0 1 9.0 §'L.:;2L,
Sl Bl
1. ] K
4.5 110.5

Bottom of Hole

ANVIL 78
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| o “ANVIL CORPORATION
B . pROJECT __Cap Sante Waterway CLIENT __Snelson-Anvil
LOCATION _Anacortes, WA~ o _
' — soB . wo. 127837
E ' | o SOILS LOG
T HOLE NO. o L.OCATION . _ ENGINEER
i 6 N555,740 E1,570,720 G. Richardson
£ DRILL TYPE BIT TYPE ' ; .| DRILLER S
# ’ Backhoe _ - . : _ -
SURFACE ELEV. TOTAL DEPTH . o | WATER LEVEL .
17.0 - = ___12.0' ' ' 10.0
i DATE STARTED | DATE COMPLETED . . WEATHER
B Avgust 23, 1979 August 23,.1979 Cloudy
. . . . S
- CEPTH ISAMPLE| N MOIST : /
erzv. | V5] \ ST . DESCRIPTION Fi
,' 117.0l FT. NC. B/FT- % 8
Dark grey brown gravelly silty f’),
- sand-high ash or carbon ‘organicszﬂ
logs and misc. wood ) r.‘i
1 moist - loose A
w‘
less ash - more wood ﬁ
e 'D.
B . \
i 1 7.0(10.0} - v
t ’ . ) ’ ' ) . - -
B ~ ?\:1
- L3 b . -'As ‘i
5.0 12.0 high Vood fiber L
' Bottom of Hole I
\ u
| -
- 1
>
' 4
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4 - ANVIL CORPORATION _ ‘
- PROJECT —__Cap Sante Waterway CLIENT Snelson-Anvil
LOCATION _- Anacortes, WA ’ . i
—- jo8 . No. ..19-837
. SOILS LOG
HOLE No. . LOCATION o o ENGINEER .
7 ' o N556,050 E1,570.400 G. Richardson
DRILL TYPE : BIT TYPE - DRILLER
Backhoe = -
SURFACE ELEV. T TOTAL DEPTH ‘ T waten LeVEL
17.2 : _12.0" 10 5°
DATE STARTED DATE COMPLETED _ WEATHER
_Avonar 23 1978 Aveust 23, 1979 Cloudsr
L g - S . o
pEPTH isampLe| N MOIST Y
Erev. | © . DESCRIPTION M
. FT. HMO. B/FT. % .
17.2 | i / | B
0.3 Dark brown silty sand-topsail i‘
- Light brown gravelly silty sand |,/
moist — dense yr
1 .
little organics o),
- . ) ’ . "’
5.0 . - . - . : . BT i It "
Dark browri gravelly sand -
2 . _ high(]i_y ?rganic ; wood fiber e
and misc. woo '
! , _ AV
moist - loose g
4 .t
O v-\
6.7 110.5 —~ i ~ati == SZ
] » h;gh concentrations of wood ' = )
_ fibers : e B
5.2 112.0 ’
“Bottom of Hole
o
Strong sulfurous odor
@ water table where
organics were present
-
L.

ANVIL T3
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| ANVIL CORPORATION
PROJECT __Cap Sante Waterway CLIENT Snelson-Anvil
LOCATION Anacortes , WA ‘ :
' o 79-837
— JOB . NO. ?
SOiLs LOG h
i HOLE NO. " LOCATION’ ENGINEER
. 7A N556,040 _ E1,569,850 . Richardson
DRILL TYPE BIT TYPE DRILLER
Backhoe . L - ' -
SURFACE ELEV. TOTAL DEPTH WATER LEVEL
17.5 12.0° . 11.0'
DATE STARTED DATE COMPLETED WEATHER
August 23, 1979 August 23, 1979 Cloudyv
ELEV. DE:TT‘H 5“‘:;'?5 A DESCRIPTION YMa
17.3 : . —
He;vy overburden _ ‘.
Dark grey brown gravelly Dl
1 silty sand e.
High organic - wood fiber =1
.. o~
| and misc. wood ﬁ
- [
] . o~
- . pockets of wocd tin
] fiber i
o
6.5 111.0 SR AV
5.5 {12.0 s
" Bottom of Hole )
. .
.

ANYIL 78
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ANVIL CORBRPORATICN

pPROJECT __ Cap Sante Waterway

-OATE STARTED

CLIENT Snelson-Anvil
LOCAT!ON ' Anacortes, WA N -
. o JOB . NO. 79-837
" 80ILS LOG
HOLE NO; ‘LOCATION ENGINEER
- 8 N556,100 E1,571,400 G. Richardson
DRILL TYPE » mir rype 2" split tube DRILLER
Mobile B-75 Hollow stem aunger 'ﬁfﬂﬁg%stL”
SURFACE ELEVY. TOTAL DEPTH AT
RIS EEE 5 4 g5t Tide + 6.8
DATE COMPLETED WEATHER

9/_1/ 76 = 1530 9/4/79 Overcast-wiadvy
= s
. - . _ 3
ELev. | DEPYH [SAMPLEL N MOLIsT DESGRIFTION ")
OL.EO FY Ne. | B/FT. % )
7 A
7] Water
aad
1-5.7 [ 0.0 | LL = 29, NP
' Light grey sandy silt ~#200 = 71%
7 o 1| Class = ML
n 1  saturated HIt Ds = 74 pcf
P I 0 47.1 coft | |
4 1
-12.7 ] 7.0 » - I -
B 7.0 Light grey silty sand %:; LL = 14 NP
2 26 16.2 saturated — very dense - %2} ~#200 = 477
-14.2 ) 8.5 - ™ Class = SM
= "Bottom of Hole Ds = 117 pcf
wd
"=
-
i .

ANYIL 72




i 'Y | ; @
| ANVIL CORPORATION
PRQJECT Cap Sante VWaterway CLIENT Snelson—-Anvil
“LoCcATION _Anacortes, Washington:
i — soe  No. 19-837
ot | - SOILS LOG
. HOLE NO. LOCATION ] . ENGINEER
9 - N 555,600 E 1,571,200 Richardson
8 Y piiLL TYPE BT Type 2" split tube PRILLER
= Mobile B-75 Hollow Stem Auger : Powell
. SURFACE ELEY. 1 yoraL DEPTH n - | (WATER LEVEL -
j -6.9 : 14.5"' Tide + 4.1
DATE STARTED . . DATE COMPLETED WEATHER
i 9/5/79 - 0750 9/6/79 Mild-partly sunny
i A S
% i .. |DEPTH lsampLE N MOIST ) Y
; -r)"() M No. | B/En ” DESCRIPTION 75:3'
¥ j -
N Water
4 g
6.9 1:0.0 7 Light i ic siit
% » 1 _ . - Light grey inorganic si Class = ML
A saturated Ds = 63 pcf
S soft ‘ '
s -11.4 5%5 L 0 62.5
. Light grey fine sandy silt '
x s _ saturated
] 4 2 26 . |27.2 " very dense 4t1 Class = ML
9.5 NRE
; - : R 1 Ds = 97 pcf
-21.4 4S5 1.3 29 273 - .
f Bottom of Hole
! 3
. ! .
L.

AN 74



ANVIL CORPORATION

PROJECT Cap Sante Waterway CLIENT Snelson-Anvil
LOCATION Anacortes, Washington
— JoB . No. 122837
SOILS LOG
~ HOLE NO, _ LOCATION ENGINEER
o 10 N 555,1000 E 1,571,200 Richardson
| paiLL TYPE ' sir type 2" split tube DRILLER
Mobile B-75 . Hollow Stem Anger Powell
SURFACE ELEV. - . : TOTAL DEPTH S - WATER LEVEL
-6.6 12.0! Tide + 1.9
DATE STARTED o DATE COMPLETED WEATHER
G/6/7%° 0830 9/6/79 Mild—partly supny
A : s
CEZPTH {SAMPLE| N MOIST ‘bE Y »
SL.EOV. g _‘YOL. B/FT. - DESCRIPTION Mq
" o
N Water
~q o
-6.6 0.0
8 . Light grey fine sandy silt
N Saturated '
aturated
Soft Class = ML
-1 2 597 Ds = 7O,pCf |
5.0 . : _ :
5.1
" Some shells j"
"17- 6 ; ‘ i 1 . .'_’ = -
4 12 41.8 , Mevd‘lum denslt:y ] Ds 79 pcf
-18.614 12.0 .
_]r“ Bottom of Hole
B
4.
L
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. ANVIL CORPORATION
PROJECT Cap Sante Waterway CLIENT Snelson—Anvil
LOCATION __Anacortes, Washineton
ki JOB NO. 79-837
SOILS LOG
HOLE NO. LOCATION ENGINEER
31 N 554,600 E 1,571,200 Richardson
DRILL TYPE g BT Type 2" split tube DRILLER
Mobile B-75 Hollow stem aucer Powell
SURFACE ELEV. TOTAL DEPTH T WATER LEVEL
~7.0 ; 13 5_'_ Tide + 8.0
DATE STARTED DATE COMPLETED WEATHER
8/4/79 1715 9/4/79 ercast - windv
)
DEPTH |SAMPLE N MOl X A
(EJLE(;’ o] No. | BFT %ST DESCRIPTION rg
Al
.1
o Water
AL,
~7.0 0.0
= Light grey fine sandy silt
~ Saturated Class = ML
Some Shells 1 e AT
1 0 42.6
4.0 1
& Ll
a s 2 0 12.8 | Light grey gravelly sand POCk-eﬁ‘."{ Class = SW
Qe L3
Ln B
-' Loose b
o 4k
~19:5 ‘ : 11y Class = ML
-20.5(12.5 e 25 24.3 Lipht grey sandy 311L~vgg%se 14 ps = 102 pef
- Bottom of Hole
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’ ANVIL CORPORATION
pRoJecT __Cap Sante Waterway CLIENT Snelson-Anvil
LOCATION Anacortve_s, Washington
. JoB . NO. —19=837
SOILS LOG
HOLE MO, LOCATION A : ENGINEER
12 N 554,600 E 1,571,400 Richardson
DRILL TYPE g7 tyre 2" split fube DRILLER
Mobile B-75 Hollow Stem Auger Pouell
SURFACE ELEV. o TOTAL DEPTH ST e "WATER LEVEL
: -7.3 13.5" Tide + 7.7
DATE STAWTED DATE COMPLETED WEATHER
9/4/79 1623 9/4/79 Overcast-windy
; s . T .
epT MPLE| N e - , Y
E-Z)c\b o :_._,.H SA NZL'_ B kT MOST DESCRIPTION r.;
i . it/
e Water
— oA
. "L
~7.310.0 {
' Light grey
’ inorganic =ilt LL = 31, PI = 1
3.0 F 1 0 >7-2 saturated ~#200 = 962 h
o Class = ML
soft S
B - Ds = 66 pcf
N . some shel}..ls: i
[ | ‘J |
e 0 47.5 Ds = 74 pcf
8.0 — : _P
- t
| .
“ Becoming coarser rr LL = 14, WP
| L ~#200 = 67%
) g 0 |23.2 | i gia§$1;3MLnf
-20.8 P3.5 Bottom of Hole S pe
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| ANVIL CORPORATION _.
PROJECT Cap Sante VWaterway CLIENT Snelson—-Anvil
j LOCATION Anacortes, Washington
S . JOB . NO. 79 837‘
Sy , _ . SOILs LOG 7
; . HOLE NO. - LOCATION _ ) ENGINEER
i3 - ] N 555,100 E 1,571,400 Richardson
DRILL TYPE it tvpe 2" split tube DRILLER
Mobile B-75 Hollow stem auger Powell
~ " SURFACE ELEV.' A - - TOTAL DEPTH ‘ : - ] warer LEVEL
e A -7.4 16.5"' Tide = +0.6
| DATE STARTED ) DATE COMPLETED _ WEATHER
: 9/6/79 0930 9/6/7¢ Mild-parziv sunny
: . . : _ 5
- ey gy, | DEPTH [SAMPLEL N ] MOIsT DESCRIPTION , ™ ' '
‘ 0.0 FT. NO. B/FT. % . B
{ s
i 4
'%;' : ' T ’ ' ' Water
o ’ ' 3
3 ~
i A ]
% -7.4 0.0
o , A e "Light grey
¢ . -t fine sandyrsilt . 1 Class = ML
. . ~ saturated - 1l
soft .
- o : : L Ds = BL pef
, 1 -0 39.7 some shells i :
o 6.5 . v
i 1 . 1
N‘. cand
o
%
: .
T_ _ 1
[ -
i . 2 2 49 I = 77
E 11.5 - Z Ds = 72 pef
-20.9113.5 7 T , A
. . R _ )
N s Light grey sandy silt ;;N Class = ML-SM
Melst - Dense i Ds = 112 pcf
| A . : : RIS
L 2 . 3 33 . 18. [4 .'L:’"
~23.9116.5 J— ' T ' ' :
Bottom of Hole
1
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i, , ANVIL CORPGCRATION
. PROJECT Cap Sante Waterwav CLIENT" Snelson-Anvil
e .
i LOCATION __ Anacortes, Washington ' '
- ~JoB . NOo. . 79-837
: SCiLs LOG
. HOLE NoO. 4 LOCATION ENGINEER
L N 555,600 E 1,571,400 Richardson
DRILL TYPE v ryee 2" split tube DRILLER
Mobile B-75 Hollow stem auger Powell
- SURFACE ELEV. =~ = "TOTAL DEPTH : ' .WATER LEVEL
i -7.3 14.5° Tide + 8.2
“ DATE STARTED DATE COMPLETED WEATHER _
) 8/5/79 1750 9/5/79 - Misty—cuercast
. DEPTH |SAMPLE M- MCIST A
ELEV. . DESCHIPTION M
: 0~E FT. wo. | B/FY. % B
- s
o }
3 v Water
_J 379%
: ~7.3 Yoo [ , TTT
' ] Light grey fine sandy J S
~ eilt : Class = ML. . -
= saturated ) .
) 1 0 53.6 soft Ds = 69 pcf.
5 ! 4.5 4 C R
5. k {
some shells
]
~16.3} 9.¢ | 2 17 1 314.6 _ Ds = 100 to 120 bef
B Light grey silty sand : '
] Medium te dense dae Class = SM
. Some shells 1
'ﬂ
) g
. 3 13- 26.8 S !
-2 Ph 5 .
’ '“lfS Laeo Bottom of Hole
i R 3
| |
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| ANVIL CORPORATION B
PHOJECT.'CaP Sante Waterway CLIENT ____ Snelson-Anvil:
LOCATION Anacortes, Washington
. -~ - JjoB . Mo. 127837
- 80iLs LOG
HOLE - NO, LOCATION ENGINEER i
15 N 556,200 E 1,571,700 Rricharson
DRILL TYPE BiT TYPE DRILLER
_ ) , Mobile B-75 ._Hollow Stem.Auger Powell
SURFACE ELEV. TOTAL DEPTH 'WATER LEVEL
-6.9 : 14.0° Tide + 4.1
DATE STARTED DATE 'COMPLETED WEATHER .
&/5/79 1430 9/5/79 istv-qvercast
N PR - ;e . » . S
_ELEV. BETTH [SATOLE B/NFT. MOisT DESCAIPTION Y":a
5.0 -
-
1 - : Water
| 1w
-6.9 |-0.0
~ . ‘ Light grey fine
1 . . sandy silt Class = ML
1 g =} 5 =
1 0 47.6 Saturated JIRIE 74 pef
4.0 - .
. Soft 1
T
'-1 Some shells
e.0 {2 | 0 l|a9.0 Wl Ds = 73 pef
L
204135 F 3 - 11 142.0 |3ipht grey sandy silt-medium P Ds = 79 pcf
~20.91{14.0 7 : . » :
' Bottom of Hole

ANVIL 78




i e
B . .
® '

, ANVIL CORPCRATION
PROJECT __ _Cap Sante Waterway CLIENT Snelson-Anvil
3 LOCATION _Anacortes, Washington .
_ : JOB . NO. 79-837
SOILS LOG
HOLE NO, LOCATION ENGINEER
. : 16 N 556,100 E 1,572,000 Richardson
‘ DRILL TYPE air tyre 2 Split Tube DRILLER
‘ " Mobile B-75° Hollow Stem Auger {. "~ Powell
. SURFACE ELEV. TOTAL DEPTH . WATER LEVEL
{ ~7.3 14.0' Tide + 3.2
; patE STARTED DATE COMPLETED - WEATHER
‘ - G/5/75- 1400 9/5/79 . Misty—ovsrcast:
. . = N s ' )
r ELEV. DE:T'.H S”:,;':N B/NFT. MO;ST DESCRIPTION YMB
&, 0.0 . ]
2 N vWarter‘
- . (]
A ]
-7.3 } 0.0 .
i B Light grey fine sandy silt
R ' Class = ML
J .
; _ Saturated Ds = 78 pcf
P X
' 4 1 0 43.3
. £.0
3 - Soft
. r\-
“ Some Shells L,
[ 9.0 4 2 0 52.8 ' Some sand lenses it Ds = 69 pcf
H
. 1N
.Lt ‘ .
L _ 4 3 0 63.8 - Ds = 62 pef
-21.3§14.0 J : :
‘ : . Bottom of Hole
!
| 4
b |
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. _ ANVIL CORPORATION o
PROJECT _ Cap Sante Waterway CLIENT : SHEISOH"AHVil
LOCATION _Anacortes, Washington
o JoB  No. 79-837
SOILS LOG
" HOLE NO. LOCATION ’ ‘ENGINEER
18 (sheet 1 of 2) . N 556,090 E 1,572,620 Richardson
4 DRILL TYPE giT Type 2" Split Tube - DRILLER
' HMobile B=75. Hollow stem auger Powell
SURFACE ELEV. TOTAL OEPTH WATER LEVEL
-11.1 26.5° Tide -~1.1
! DaTE STARTED ' DATE COMPLETED WEATHER
9/5/79 - 1050 9/5/79 : Rainv-overcast
P s r < 5
% ELev. DEITR |SAMPLE B/',‘FT-. MosT DESCRIPTION YMB
b 6.0 . }
.
1 Water.
i -
-11.314 6.0 7
N ' Light grvey inorganic silt LL = 42 P1 = 7
) Saturated —~#200 =.93%
S . , : Soft ‘ Class = ML
l .
. . 1 o |84.2 Ds = 51 pef
| . | No shells
..
] i
{
2 0 177.2
| | s g ' I Ds = 55 pcf
! : =25 {13.9 Continued on Sheet 2
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| , ANVIL CORPORATION
_ PROJECT Cap. Sante Waterway CLIENT Snelson-Anvil
‘ T LOCATION Anacortes, Washineton '
T jos  no. 122837
SOILs LOG
HOLE MO, LOCATION ENGINEER
19 N 556,170 E 1,572,920 Ric¢hardson
i CAILL TYPE eir yype 2 Split Tube DRILLER
Mobile B-75 Hollow Stem Auger Pcwell
SURFACE ELEV. : TJOYAL DEPTH ) WATER LEVEL
-9.9 10.5! Tide =0.4
CATE STARTED DATE COMPLETED WEATHER
. 9/5/79 0910 9/5/79 Rainy-overcast
i _ . S
e1 v | CEPTH [SAMPLE N MOIST - Y
} 30“6; v . No. | B/ ” DESCRIPTION M
-d e
i - Water
1
-9.91 0.0 -
. Light grey inorganic silt
§ Satufated”
i Soft Class = ML
| :
i 5.5 71 0__!63.5 Ds = 62 pcf
i ] No Shells
~
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