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APPENDIX A
FIELD EXPLORATIONS

Borings

Seven offshore borings, denoted B-1 through B-7, were drilled

from January 24 to February 11, 1978. The borings were accom-

plished by a barge-mounted, hollow-stem a
provided by Consolidated Drilling, Inc.,

our firm. The borings were drilled to de
to 91.0 feet below the mud line elevation
observed b& Mr. Scott Wright, engineering

uger mobile B-40 drill
under subcontract to
pths ranging from 51.5
! The borings were
geologist from our

firm. In the field, detailed logs of each boring were prepared

and representative samples were obtained
countered.

tained at 2.5 or 5-foot depth intervals.
were obtained using the Standard Penetrat

which a standard split-spoon sampler is d:

distance of 18 inches using a 140-pound h
inches. The number of blows required to

of each soil type en- .

es were generally ob-
The disturbed samples

ion Test procedure in
riven into the soil a
ammer, free-falling 30
drive the .sampler the

last 12 inches is. the Standard Penetration Resistance. This

resistance, or blow count, provides a mea
density of granular soils and consistency

sure of the relatiwve
of cohesive soils,

The undisturbed samples were obtained using a three inch outside

diameter, seamless-steel Shelby tube that
soil using the hydraulic system on the dr

was pushed into the
ill rig. Since the

samples are not driven, but pushed, they|are relatively undis-

turbed and, hence, suitable for strengthl.
density testing in the laboratory.

consolidation, or

The soil samples obtained from the split-
classified in the field and representativ

spoon sampler were
e portions saved in
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air-tight jars. The soil samples contained in the Shelby tubes
were field classified by exaﬁining the ends of the samples and
then sealed for transport to our Seattle laboratory.

The logsgof the exploratory borings are presented in Figures
A-1 through A-7. The logs are based on our interpretation of
the field and laboratory data, and indicate the various types
of soils encountered in the borings. They also indicate the
depthé where these soils, or characteristics of these soils,
changed, although the change may be gradual. If the change
occurs between samples, it is interpreted. To the leftr of the
classification of materials the number, depth, and types of sam-
ples that were taken during the drilling operation are shown.
The semi-logarithmic graphical plot on the left presents both
the Standard Penetration Resistance values that were obtained
during the taking of the split-spoon samples, and the results
of laboratory determined moisture contents.

Test Pits

Shallow field explorations were advanced in the area of the
proposed parking facilities and the contemplated borrow area
using a tractor-mounted backhoe under subcontract to our firm.
The  explorations were located in the field and continuously
observed by Mr. Scott Wright from our firm. In the test pits,
disturbed samples of the soils encountered were taken as neces-
sary, classified in the field and trénsported in air-tight con-
tainers to our laboratory for check classification and testing.

Eleven test pits were advanced within the proposed parking areas
adjacent to the Sitcum Waterway. The logs of the test pits are
presented in Figures A-8 through A-11. The location of the ex-
ploratioﬁs in the proposed'borrow area are indicated on the site
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plan for that area presented as Figure A-12. Eight test pits
were excavated within the proposed borrow area. The logs of
these test pits, designated TP-12 through TP-19, are presented
as Figures A-13 through A-15. The test pit logs are based on
our current interpretation of the field data and indicate the

various types of soils encountered in the test pits and the

depth where these soils or characteristics of these soils changed,
although the change may be gradual. To the left of the classi-
fication of materials, the number and depth of samples that were
taken during the sampling operations, and laboratory determined

moisture contents are shown.
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APPENDIX B
LABORATORY TESTS

A laboratory testing program was develobed to establish the basic
index and engineering properties of the site soils. Laboratory
tests were performed on disburbed and undisturbed samples ob-
tained from the seven borings and nineteen test pits accomplished
for this study. The labo;atory testing procedures are outlined
below. g

Visual Classification

Soil samples recovered in the borings and test pits were trans-
ported to the laboratory where detailed classification was ac-
complished. The Unified Soil Classification System was utilized
as the basis for visual examination and for classification of
selected samples for which specific laboratory tests were per-
formed. The Unified Soil Classification System is presented

" as Figure B-1. Visual classification included consistency or
density, color, moisture content, major soil type and the modi-

fying fractions in the sample. Classification was then made,
subject to modification after additional testing, such as mois-
ture content and Atterberg limits, had been accomplished, as
deemed necessary. The visuai classification of samples is in-
corporated into our soil descriptions in the exploration logs in
Appendix A. '

Moisture Content

Moisture contents were performed on selected samples in general
accordance with ASTM D-2216-71 as soon as possible fdllowing
their arrival in our Seattle laboratory. The natural water
content was determined for the purpose of: (1) Identification
and correlation of the soils and (2) Providing basic engineering
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properties. The water contents are presented on the boring and

test pit logs and where applicable on figures p:esentihg various
other test results.

Atterberg Limits

Atterberg limit determinaﬁions were accomplished for selected
samples of the silts and clayey silts. 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-424-54. The results of the Atterberg limit analyses and the
plasticity characteristics are summarized on the Plasticity
Chart, Figure B-1, which relates the plasticity index (liquid
limit minus the plastic limit) to the liquid limit. The results
of the Atterberg limit tests are also shown where applicable on
figures presenting various other test results.

Grain Size Analyses

Grain size analyses were pefformed on selected samples in gen-
eral accordance with ASTM D-422-63 using mechanical analyses

and hydrometer analyses. 'The results of the grain size‘analyses
are presented in Figures B-2 through B-8.

Direct Shear Tests

Direct shear tests were performed in general accordance with
ASTM D-3080-72. Sample B-3, S-4 represented clayey silt ob-
tained from a relatively undisturbed Shelby tube sample. Direct
shear tests were also performed on samples representing the

sand bearing stratum. These samples were combined and poured
loosely into a direct shear box ring having an inside diameter
equal to 2.50 inches. On each sample, the top and bottom sur-
faces were fit with perforated metal plates overlain by poroﬁs
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stones.  After applying the normal force, the specimen was satu-
rated and allowed to drain. The specimen was then failed using
a loading device at a controlled strain-rate ofl0.00dS inches pe
minute. The results of the direct shear tests are presented
graphically on Figures B-9 through B-15 as shear stress versus

H

neormal "stress.

Triaxial Compression Test

Samples for triaxial testing were selected from relatively
homogeneous portions of undisturbed Shelby tube specimens. A
section six to seven inches in length was isolated, trimmed
flat on both ends, enclosed in a rubber membrane and fit with

a porous stone on the top and bottom of the sa$ple. Vacuum

was applied to the sample removing excess air grom the top and
bottom porous stones and from the space betwee? the sample and
membrane. The vacuum was removed and a confin}ng pressure was
applied to the cell fluid. The type of test performed was the
unconscolidated-undrained test in which the sample was loaded
shortly after application of the confining pregsure such that
complete consolidation did not occur and the lines to the sample
were closed to prevent pore pressure dissipation during loading.
The test was performed at an axial compression rate of approxi-
mately 0.026 inches per minute with the test cqntinuing until a
strain of 20 percent, or failure, had been achieved. Measure-
ments included time, axial load (to determinejdeviator stress),
and sample deformation (to determine strain).; The triaxial
compression test results including stress-strain curves and the
Mohr strength envelopes are presented on Figures B-16 and B-17.

Consolidation Tests

A one-dimensional consolidation test was performed on a selected




A

oo e

J-581
Page B-4

sample of clayey silt to provide data for making settlement
magnitude and time rate of settlement calculati&ns. The un-
disturbed sample was carefully trimmed and fit into a rigid
ring with porous stones placed on the top and bottom of the
sample to allow drainage. Vertical loads were then applied

in increments with each load being allowed to consolidate prior
to adding the following increment. Measurementg of the time
compression were obtained during each load increment and re-
bound was' measured during the unloading portion. Consolida-
tion test results, plotted in terms of percent [consolidation
(strain) versus applied load (stress), are presented on Figure

B-18’ ,

CBR Tests ’ l

|

Laboratory CBR (Califormia Bearing Ratio) tests were performed

in general accordance with ASTM D-1883-73 on recompacted samples
of the hydraulic sand fill located on the site! and from the pro-
posed borrow area. The results, presented as /dry density versus
moisture content on compacted and soaked samples and CBR versus

moisture content are presented in Figure B-19.
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GRAIN SIZE CLASSIFICATION
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GRAIN SIZE CLASSIFICATION
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GRAIN SIZE CLASSIFICATION
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DIRECT SHEAR TEST RESULTS
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DIRECT SHEAR TEST RESULTS
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DIRECT SHEAR TEST RESULTS
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BORING LOG B-6
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STANDARD PENETRATION RESISTANCE SOIL INTERPRETATION
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GRAIN SIZE CLASSIFICATION
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GRAIN SIZE -CLASSIFICATION
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GRAIN SIZE CLASSIFICATION
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DIRECT SHEAR TEST RESULTS
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DIRECT SHEAR TEST RESULTS
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STANDARD PENETRATION RESISTANCE
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GRAIN SIZE ‘CLASSIFICATION
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DIRECT SHEAR TEST RESULTS
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IN PSI

STRESS

IN PSI

SHEAR STRESS

TRIAXIAL COMPRESSION TESTS ‘

i -
STRESS vs. STRAIN Lol

® O,-0z= Deviglor Stress ‘I-- l
"& u = Pore Water Pressure t i
‘ !

i
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|

Sample Classification

Silty, Fine to Medium SAND
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CONSOLIDATION TEST RESULTS

STRESS - tons/sg. ft.
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STAMDARD PENETRATION RESISTANCE
1140 poyndg weigm1 3O ngh droppl
BLOwWS PER FOOT &

Qeptn
20 30 OO tesr

,
7
B
R

-|O

—t
.

- 25

4+

T
——
e aa—
A

n

415

r 40

- N

-+ 457

b

WATER CONTENT
PERCENT @

LEGEND

@ 2700 Sput Spoon Samole woler Luvel

N 3700 Sheby Somple
*  Na Somak Recavery
MOTE

Observalion wall

SQIL  INTERPRETATION

“UDLINE ELEVATION APPROXIMATELY -7 FEET

LOOSE, SATURATED, DARK GRAY, SILTY, FINE
SAND WITH NUMEROUS WDDD AND ORGANIC DEBRIS

{SEAM OF SOFT, GRAY -BROWN,K ORGANIC CLAYEY
SILT)

Sosl descrioniont ors iAlerpegtive ond actudl changes may be groduol

MEDIUM DENSE TO OENSE, SATURATED, GRAY,
FINE TQ MEDIuUM SAND

ISLIGHTLY SILTY NEAR 23 FEET)

(SLIGHTLY SILTY NEAR 35 FEET)
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GRAIN SIZE CLASSIFICATION
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IN PSI

SHEAR STRESS IN PSI

STRESS

TRIAXIAL COMPRESSION TESTS

A A

STRESS vs. STRAIN
® 0,-03= Dewiotor Stress

* Pore Water Pressure

.
i
R
'
|

. ;"‘//'__"——4__,,-7557 I

: E
P : i
' i

Sample Classification

I Organic  Sandy Silt with Orgomic Dabris

I Siity Sond wath Qrgonic Debria

Type of Test

Unconsolidated,

Ungrained, Quick

4 8

"MOHR STRENGTH ENVELOPE

1

Total Stresses

=== Effective Siresses

-Failure Criterias8,-, max or 20% €'

' TEST NO. 1 o fasd
BORING WO, B-3 8-%5
SAMPLE NO. S -l 5-1
CHAMBER PRESSURE, PSI 30 7.0
HEIGHT, INCHES 555 5.28
DIAMETER, INCHES 2.83 2.83
UNIT wT,, PCF. 833 97 3
w.C. X, BEFORE TEST
w.C. X, AFTER TEST
i2 16 20
PERCENT STRAN
, . ‘ 0 I
; ! g :
| | :
: : : | 1 :
. b | .
b
| ! . i
E t ] I
18 20 25 30
PRINCIPAL STRESS IN PSI
J=- 58t March 1978

HART - CROWSER & cssocioles inc

Figure B-1€



BORING LOG B-7

STANDARD PENETRATION RESISTANCE

(140 pound weignl 30 inch srag)

Somgpls )

1
2

e = Pt B = = 1)

*10

I X

SOIL  INTERPRETATION

BLOWS PLA FOOT &

Cepin
2 b ] 0 0 00 teer MUDLINE ELEVATION APPROXIMATELY =12 FEET
h
! ] 0 i VERY SOFT, MIXTURE OF SILTY SAND AND w0OD
3 FRAGMENTS
P~ . h =
[ N N 1 ] LODSE TD MEOIUM DENSE, SATURATED, GRAY, SILTY,
[ ~d 1 = FINE SAND wITH SCATTERED SHELL FRAGMEMTS
3 T5 3
- "\* . - ST
o \ -+ =
- ¥ ‘ i far] LODSE TO MEDIUM DENSE, SATURATED, GRAY, SILTY,
5 4 i = FINE SAND AND FIME Sanpr SILT
?
T -+ 10 xz
a rr A :’:ﬁ .
: 1 | eirE
3 5
o _| 4
=isr
. 3 ® ) 0
TI1S GRrly
| \ ths
AY .:u_-_-‘-‘-g
Al 1 et
| \ B
N b L
\ ~ ot
A + 20 ==
L J 6 YEDIUM DENSE TO VERY DENSE. SATURATED, GRAY,
- FINE TO MEDIUM SAND wITH SCATTERED SHELL
i ! { FRAGMENTS
] 1 3
2 l A E
; -+ 25 &
| \
} 1 &
> \ - -
! | A : F g
| F
[ ! oo g
_i, I : ]r 30 -
+
R &
- . r , 1
L‘ /‘ 4
- + 35 L@
t *
L 4
/ | 7
} P i | h 9
! , | @
4 A 4 1
~
2 -+ 40
N
N 1 '-‘9
N
N
b -
4 -
[ “Am' £
&+ 43
A 4
* y 3
F 4 -
L , 4 {
L ,/ <’. 3 -8
! 2 3 10 20 20 00 0
WATER CONTENT
PLRCENT @
LEGE KD
@ 2° 0D Split Spoom Sompie waler Level

N 3700 Sneivy Sempis

* No Sempu Recovery

Obrervalion wel| }

NOTE  So1l gederiptions aié inferpretivd ongd oclvol changes moy be gradual

ENEIEENESSSSNNSNNNNNNN———————




| §-1

STANDARD PENETRATION RESISTANCE

(140 pound wergni, 30 wnch #rap)

BLOWS PER FOOT &

Oapin
ample i 2 3 (4] 20 30 100 {ear
i
| 4
| \ ]
h
v +35
X | dile
+60
r E
Les
j'?O
y
- 4
$75
| ;
i +80
. +85
r ! -
L ! -
490
. E
495
- 4
| 2 3 10 20 30 0o +100
WATER CONTENT
PERCENT o
LEGEND
@ 2700 Spivt Spoen Somple Water Leved

& y'aD Shulby Samgle

* Mo Sampl Recovery

NOTE Sodl descriptions dre salerprehive ond 9Ctus) changes may be qradual

Doveevation Wl

SOIL  INTERPRETATION

BaTToM OF BORING
COMPLETED 2-/11-/78

J- 381 FEB 1978
HART-CROWSER & associales g
Figure A-7



BORING LOG B-4

STANDARD PENETRATION RESISTANCE S0IL  INTERPRETATION
v - {140 pound weight, 30 incn wrap)
BLOWS PER FOOT &

Ceptn
Sompie ! 2 5 10 20 50 00 feer MUDLINE ELEVATION APPROXIMATELY -36 FEET
-
| J 0 VERY SOFT., SATURATED, BLACK, ORGANIC, CLAYEY
SILT
a -
5 1 MEDIUM DENSE TO DENSE, SATURATED. GRAY,
<45 SLIGHTLY SILTY, FINE AND FINE TO MEGIUM
i | SAND WITH OCCASIONAL SCATTERED wOOD AND
*1 SHELL FRAGMENTS
- E
F -
z 5 '\ ® ]
~. )
) = - ]O
L L 4
o i -
4 I -
i | ] | ZE5
1 P
b iy iy
L. T° st
. A ] S5
} SRE
I \ h )
l’ \ T ]
+ 20
5 Z - . rY -4
- , -
s
| /! 4
+ 25 -
| / J ¥ MEDIUM DENSE, SATURATED, GRAY, SILTY, FINE
¢ §§ I A® } ! SAND INTERBEDDED WITH LENSES OF STIFF, WET,
\ GRAY, CLAYEY SILT
> | \ -
b i i ! 1
a » + 30
! A |r ] DENSE TO VERY DENSE, SATURATED, GRAY, SLIGHTLY

3 SILTY, FINE TO MEDIUM SAND

k35

vy |

—R = - e
I

T » -+ 40
b I { 4
| ! : J
- ' 4
9
A | . -
4 as
L \ 4
\
s | r

N

10 E 1 2 ) 1lo |cq 5'0 +[1?O :- SQ
WATER CONTENT =52
PERCENT @ BOTTOM OF BORING 51.5 FEET

COMPLETED 2/01/78 -

LEGEND
E 2° 00 Solt Spoen Sompie woter Level
N 3700 sneny sempe Observarian welt J-581 FEB 1978

""" * Mo Sumole Recovery HART-CROWSER 8 cssociates inc.

Figure A-4

NOTE! So1l deseriptions are interpertive ond ucivel chenges may be gredusl
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