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Dear Don:

This letter describes the findings of a subsurface investigation conducted along the proposed
alignment for the shoreline containment wall for the sediments remedial action at the Cascade Pole site
(Site) in Olympia, Washington. The field services and associated laboratory testing were carried out
between late August and October, 2000. The investigation was conducted in general accordance with
Landau Associates’ scope of services dated and submitted to the Pbrt of Olympia (Port) on May 31, 2000,

The primary objectives of this investigation were to:

e Collect geotechnical data necessary for final demgn of the proposed shoreline
containment wall

e Assess the vertical and lateral extent of nonaqueous phase liquids (NAPL) along the
proposed wall alignment

e Assess the general suitability of the proposed alignment relative to the above conditions.

This investigation focused on the latest proposed alignment for the shoreline containment wall, as
shown on Figure 1. This éligmnent reflects recent modifications that were made to the previously
proposed alignmenf to address regulatory concerns for protection of shoreline habitat. The new alignment
has been selected to maintain ‘a zero net loss of intertidal habitat area, defined as shoreline area below the
mean higher high water line (MHHW) [elevation 14.6 ft mean lower low water (MLLW)].

A previous investigation of the shoreline area was conducted in 1997, which focused primarily on
characterizing the extent of NAPL adjacent to the existing sheetpile wall (Landau Associates 1997a). The
1997 investigation provides supplemental information useful in characterizing the stratigraphy and NAPL
presence in the shoreline areé, although only limited geotechnical data were collected. The location of the

1997 borings are shown on Figure 1.
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BACKGROUND

The Port and Ecology have agreed on the scope and approach to implementation of the final
cleanup action for the Cascade Pole site sediments 6perable unit (SOU). The sediment portion of the
cleanup will consist of excavating and dredging contaminated se'dirmen‘ts and backfilling dredged areas to
restore existing mudline grades. Sediments will be dredged within an area approximating Ecology’s
“multiple benefits line”, which is defined, in -part, by the outward extent of the presence of NAPL in
sediment. The estimated dredge depths associated with the proposed cleanup action are expected to range
from about 1 to 5 ft below the existing mudline. -

Shoreline contaminated fill and sediments extend up to the existing sheetpile cut_off wall aﬁd
NAPL has been identified above the aquitard between the wall and the shoreline. It is recognized that
removal or containment of the contaminated fill and thé NAPL would be required to prevent
recontamination of remediated sediment areas and to meet the objectives of the site-cleanup action. In .
recognitidn of stability issues associated with the existing sheet pile wall, the selected remedy in this area
consists of partial removal of co_ntaminated fill and NAPL, to the extent practicable, and containment of

the remaining shoreline contaminated fill by means of a second sheet pile cutoff wall.

" SUBSURFACE CONDITIONS

Subsurface conditions were explored by five borings (B-1through B-5) at the 1ocat1‘ons'indiéated.

on Figure 1. Borings B-2 through B-4 were terminated within the aquitard. Boring B-5 was advanced
- through the aquitard and into the underlying soil. Also, boring B-1 was advanced through a thin remnant
of tﬁe aquitard and into the underlying soil. The résults of the field explorations are contained in
Appendix A along with a description of the field procedures. Detailed geolqgic and environmental

information is presented in the boring logs on Figures A-2 to A-6.

GEOLOGIC CONDITIONS

The subsurface conditions along the proposed containment wall alignment are summarized ina
geologic proﬁle'presented on Figure 2. The subsurface cqnditions along the proposed containment wall
alignment consist of fill over native tida] ﬂat, éediﬁlents. The fine-grained, native tidal flat sediments act
as an aquitard between the overlying fill soil and underlying "lower aquifer".

The depth of fill ranges from about 15 ft at the west end of the alignment, to about 35 ft in a
localized depression (identified in the 1997 investigation) at the. east end of the alignment. The fill
generally consists of loose to medium dense, brown and gray, sandy, silty gravel and gray sand with

varied amounts of silt, gravel, and shells with occasional silt lenses. ‘Within the upper 2 to 3 ft, the fill
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contains vafying amounts of cobbles and debris (concrete, wood). The shoreline slope is generally
covered with 1 to 2 ft of riprap consisting of large angular cobbles, boulders, and concrete debris. In
boring B-3, an obstruction, possibly a buried log, was ehcduntered at approximately 13 ft below the
ground sufface (BGS). Based on historical aerial photographs and records research, much of the
shoreline fill alon'g the proposed containment wall alignment is interpreted fo be granular fill placed to
build a dike in the early 1980's for dredge spoils containment (Landau Associates 1993).

Based on the deeper borings, along with information from the 1997 1nvest1gat10n it appears that
the thickness of aquitard along the proposed containment wall ahgnment ranges from about 10 to 15 ft.
To the immediate east of the proposed alignment, the thlckness of the aquitard decreases to about 4 to 5 ft
(see boring B-1). With the exception of B-1, the aquitard material consists of very soft to soft, olive gray-

- colored, silty clay or clayey silt with a trace of fine sand, and trace to abundant shell fragments and a trace

of wood. This is similar to what was encountered in explorations during the 1997 investigation, but with
noticeably more shells and shell fragments in some samplés than had previously been observed. The SPT
resistance of the aquitard soils was generally lower than previous SPT results for the aquitard material.
The remnant of the aquitard encountered at B-1 was a hard sandy silt or very dense silty sand with clay
and shell fragments; this area may have been dredged during construction of the small boat harbor in
about 1980 and part of the aquitard removed. '

| The lower aquifer material encountered in borings B-1 and B-5 consisted of a mediufn to very

dense, gray sand with trace gravel.

NAPL OCCURRENCE ‘

Soil samples were carefully screened for presence of NAPL usﬁng three techniques: odor testing
for indication of hydrocarbon presence, sheen testing in a jar with distilled water, and observation for

fluorescence under an ultraviolet light. Results for the three tests were recorded as either no indication,

‘ sﬁg_ht indication, or strong indication of odor, sheen, or UV fluorescence. For odor testing, a slight odor

respon'se was recorded if a hint of hydrocarbon or creosote-like odor was detected. A strong odor
response was determined by an obvious, pungent odof that was immediately recognized upon examining
the sample. For sheen tests, a slight sheen response was characterized by one or more small specks of
sheen observed during the test while a strong sheen response was recorded if a significant amount of the
water surface in the sample jar was covered by petroleum sheen. UV response was considered slight if
one or more small areas of the sample fluoresced uﬁder UV light, and a strong UV indication was
recorded when large areas of the sample fluoresced. Results of the screening are presented on the boring

logs and are summarized on the cross section shown on Figure 2.

12/27/00 S:\WPROC\021\015\164\S] Letter - final.doc LANDAU ASSOCIATES



Samples S-2, S-6, and S-7 in boring B-2 and sample S-1A in boring Bl~3 showed strong signs of
NAPL presence based on odor, Sheen, and/or UV testing.” However, visual evidence of free product
(NAPL) was only noted in boring B-2,. sample S-6, where the sand and gravel particles appeared to be
coated with product. The stronger presence of NAPL in this area may be associated with the former log
pond channel, which was believed to bé one of the primary NAPL migration pathways prior to
installation of the existing cutoff wall and NAPL recovery system. It is worth noting, however that the
extent and degree of NAPL along the proposed shoreline containment wall ahgnment appears to be less
significant than observed in the 1997 borings, located closer to the existing wall.

Slight indications of possible NAPL (as evidenced by a slight sheen, slight UV response, and/or
slight odor) Were also observed in isolated samples at each of the borings, including a few locations
within the aquitard (boringé B-3 and B-5). However, given the slight nature of the detections, coupled
with thé absence of any signs of free product, the detections within the aqujtard could be associated with

soil vapor diffusion or organics decomposition rather than NAPL migration.

GEOTECHNICAL TESTING

Geotechnical testlng included both laboratory soil class1ﬁcat10n tests and strength testmg, and

'ﬁeld vane shear strength testing.

LABORATORY TESTING

Laboratory tests were performed on representative samples to determine appropriate geotechmcal
index properties and strength characteristics to use for design of the shoreline containment wall. Testing
included moisture content, grain size analyses, Atterberg limits, and triaxial compression testing. The

laboratory test results and a description of the laboratory test procedures are presented in Appendix B.

SUMMARY OF LABORATORY STRENGTH TEST RESULTS

The triaxial test results were evaluated by Landau Associates, which involv_ed development of
Mohr’s stress circles for each of the test specimens in order to derive design strength parameters (e.g.
friction angle and undrained shear strength [Sy]). Results of the testing indicated peak undrained shear
strengths between 750 and 1230 psf at the test confining pressures. Based on the total stress Mohr-
Coloumb failure envelope, a peak undrained friction angle of 12 degrees with approximately 460 psf of
soil cohesion were determined. Total stress strength parametersb are generally conservative and simulate
an undrained condition which will be similar to the critical stability condition expected during excavation

of the contaminated fill and sediments along the shoreline side of the wall.
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SUMMARY OF DOWN-HOLE VANE SHEAR TEST RESULTS

Down-hole vane shear tests were perfornﬁed at various depths within the aquitard soil in borings
B-2 through B-5. The tests were carried out in general accordance with ASTM D 2573-94. Vane shear
testing was performed by‘ extending a steel, 50 x 110 mm, tapered-end, four-bladed vane into the
undisturbed soil at the Base of a bbring and rotating it to produce a cylindrical failure surface within the
soil. The torsional resistance force requiréd to shear the soil was correlated to a unit shearing resistance,
the undrained vane shear strength, VSy. -

Results of the vane shear tests indicated unfactored, undrained vane shear strengths ranging from

720 to 2100 psf, with an average of ébout 1300 psf. Das (1994) recommends applying a correction factor

| to vane shear data, which is dependent on the plasticity index of the subject soil as determined by

Atterberg limits testing. Based on the Atterberg limits test results, a conservative correction factor for the
vane shear data would be 0.84, resulﬁng in factored, undrained vane shear strengths ranging from 600 to
1800 psf, with an average of about. 1100 psf. Based on these reéults, it appears that the undrained vane
shear strengths correlate well with the triaxial testing undrained sheaf strengths and genera_lly verify the
results of the triaxial testing. | v , A .
The results of the vane shear test in boring B-5 at 33.9 feet were discarded because split-spoon

sampling of the shear zone at this location indicated a sand material, for which vane shear strength

‘correlations are not reliable.

CONCLUSIONS AND SHORELINE WALL ALIGNMENT EVALUATION

Geologic data indicate a depression in the top of the aquitard near the east end of the proposed
containment wall alignment, at boring B-1, where there is only an approximately 4-ft thick remnant of the
aquitard. Accordingly, the final alignment for the wall will need to be maintained at least as far west as

B-5, where the thickness of the aquitard is approximately 10 fi, or greater. To the west of B-5, the

~ aquitard appears to be reasonably competent and of sufficient thickness for embedment of the wall.

The presence of an obstruction at the location of boring B-3 would indicate the potential for
construction conditions élong the wall alignrrie_nt, which Iﬁay impede installation of the sheet pile wall. It
is also possible‘ that the dike fill contains some concrete or other debris that could impede wall
installation, although the obstruction at B-3 was the only obstruction noted during both this investigation
and the 1997 investigation. Depending on the depth and nature of obstructions encountered, if any, the
contractor may elect to excavate and remove the obstructions, attempt to drive the sheets through the

obstructions, or request a minor modification to the alignment.
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The investigation indicates that NAPL, or residual NAPL, is largely limited to the central portion
of the proposed wall alignment. Only one sample, S-6 from boring B-2, contained indications of
significant NAPL. Some minor indications of NAPL were observed in the other borings, but, based on a
review of the 1997 shoreline investigation data, there appears to be less overall NAPL presence along the
propoéed wall alignment than closef to the existing sheet pile wall, where i:he 1997 data was collected.
‘This seems to confirm that the rise, or lip, in the aquitard surface, which was identified based on the
fesults the 1997 investigation and previous investigations, has limited the extent of NAPL migration
toward the shoreline. -

Laboratory analyses of the aquitard soils indicate design shear strengths fanging from 750 to 1230
psf, with a Mohr-Coloumb total stress envelope resulting in approximately 460 psf cohesion and a 12
degree friction angle. The_ vane shear testing results correlated well with the laboratoryr results.
Additionally, the lab01‘dtory results correlate Well with assumed strength parameters used for the
pfeliminary stability analyses for the proposed containment wall (Landau Associates, 1997b). While the
aquitard has limited shear strength, the most critical conditions will occur during construction and
therefore the' weaker aquitard material does not pose a_signiﬁbant‘ long-term stability concern. During’
construction, stability concerns can be addressed by means of carefully staged excavation .and backfill

sequencing, possibly coupled with internal bracing.

CLOSING

The objectives of this site investigation were achieved. The results indicate that the proposed
containment wall alignment should be satisfactory, and that construction'should be feasible with design

and construction provisions to accommodate possible isolated obstructions.

LIMITATIONS

This report has been prepared for the exclusive use of the Port of Olympia for specific application
to the Cascade Pole Site. The reuse of mforma‘uon conclusions, and recommendations provided herein
for extensions of the project or for any other project, without review and authorization by Landau
Associates, shall be at the user’s sole risk. Landau Associates warrants that within the limitations of
scope, schedule, and budget, our services have been provided in a manner consistent with that level of
care and skill ordinarily exercised by members of the profession currently practicing in the same localify '

under similar conditions as this project. We make no other warranty, either express or implied.
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We appreciate the opporﬁmity to provide these services and look forward to assisting you in
subsequent phases of the project. "Please contact us if you have any questions regarding the information in

this report.

LANDAU ASSOCIATES, INC.

e
%’37

Lawrence D. Beard, P.E.

" Principal

Mark E. Ahlstrom

‘ v Project Geotechnical Engineer
MEA/jzs '
cc: Anita Lovely
Attachments:  Figure 1 — Shoreline Containment Wall Boring Locations

Figure 2 — Shoreline Investigation Geotechnical Profile

Appendix A — Field Explorations

Appendix B — Laboratory Testing
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APPENDIX A

FIELD EXPLORATIONS

Subsurface conditions were explored by five borings at the locations shown on Figure 1. Borings
were drilled with a small, limited-access, hollow-stem auger drill rig and a truck-mounted, hollow-stem
auger drill rig to depths ranging fom 26.8 to 40.8 ft BGS. The field ‘explorations were coordinated and
monitored by a geotechnical engineer from Landau Associates who maintained detailed records of the
investigation findings, obtained‘ representative soil samples, described the soil based on visual ‘and
textural properties, monitored geotechnical testing including Standard Penetration tests (SPT) and down-
hole vane shear tests and visually screened the soil for presence of NAPL.

To provide access to the proposed boring locations, temporary dnlh'ng pads were constructéd at
some of the boring locations. The pads were constructed by removmg the existing shoreline protectlon
and then placing imported clean sand and gravel out over the edge of the existing shoreline. The pad
surface was kept above the MHHW line, at about elevation 15 ft. Upon completion of the drilling, the
pad materials were excavated and the shoreline restored to its original condition. The pads were
_éonstructed and removed by Wilder Eﬁvironrhent-'c.ll, Inc., the earthwork contractor for the upland
sediment containment b'em_l, under a change order arrangement with the Port, ‘

Borings B-2 throﬁgh B-4 were backfilled with bentonite chips and borings B-1. and B-5 were
backfilled ,\lzvith bentonite grout. In boring B-3, an obstruction, possibly a buried Vlog, was encountered at
approximately 13 ft BGS. The drill rig was moved approximately 5 ft to the west to avoid the obstruction
and co_mplete‘the boring.

Soil samples were collected from each boring at approximately 5-ft intervals in the upper 10 ft of
each boring and at approximately 2.5-ft intervals below 10 ft. No sampling was performed in the upper
20 ft of boring B-5, due to its proxifnity to B-1 and boring SI-2 from the 1997 investigation. However,
below 20 ft, vsamples were collected at 2.5-ft intervals at B-5 to locate and characterize the aquitard.

Sampling was accomplished using a driven, 2-inch outside diameter (OD), split-spoon sanﬁpler
and a 3-inch OD, ring-lined, split-spoon sampler. The 3-inch OD sjﬁlit-spoon sampler was used at
selected loéations to increase the amount of .sample recovery within thc loose fill soils at the site. The
samplers were driven into the undisturbed soil ahead ofv the auger bit using either a 140-1b or 300-1b
hammer falling a distance of approximately 30 inches. The sampler and hammer type used to obtain the
soil sample is identified on the attached boring logs. The number of blows required to drive the sampler
for the final foot of soil penetration (N-value) is noted on the boring logs adjacent to the appropriate

sample notation.
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At selected Iocatidns stainless steel Shelby. tubes were used to collect relatively undisturbed
samples of the aquitard soil. The Shelby tube samples were obtained by hydraulically pushing the tube
into the soil ahead of the auger bit.

Soil samples collected during dr1111ng were described and classified in general accordance with
. ASTM D 2488, Standard Recommended Practice for Description of Soils (Visual-Manual Procedures),
as summarized on Figure A-1. Logs of the explorations are presented on Figures A-2 through A-6. These
logs represent our interpretation of subsurface conditions identified during the explorations. Surveys of
the boring elevations and locations were performed by Huit-Zollars, Inc., a surveying consultant for the
Poﬁ. '

In addition to the penetration testing mentioned previously, down-hole vane shear tests were
performed at various depths within the aquifard in Borings B-2 through B-5 usiﬁg a calibrated vane shear
device which was rented from Subterranean Inc. of Puyallup, Washington. Results of these tests are |
described in a following section. ' »

Soil samples were evaluated for presencé of NAPL by a combination of field and laboratory
sCreening methods including visual observations of product, sheen testing, odor testing, and response to
ultraviolet light. No chemical analysis was planned or conducted. All sampling and downhole drilling
equipment was decontaminated between uses. Drill Cuttingé were moved to the disposal cell in the

uplands portion of the site.
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21015.164 12/14/00 S\MODELING\GINTWAPROJECTS\21015-16.GPJ SOIL CLASS SHEET

Soil Classification System

Uscs
MAJOR GRAPHIC LETTER TYPICAL
DIVISIONS SYMBOL SYmMBOL" DESCRIPTIONS®®

] GRAVEL AND CLEAN GRAVEL } i GW Well-graded gravel; gravel/sand mixture(s); little or no fines
b—.’ 2 ’g‘ GRAVELLY SOIL (Little or no fines) GP Poorly graded gravel; gravel/sand mixture(s); little or no fines

© ‘» .
(Va0 =4 y .
aod 'g Coé’i‘;’g:ﬁg r??;/t‘; iorfed GRAVEL WITH FINES [ GM | sily gravel; gravel/sand/s;lt mixture(s)
UZJ =] on No. 4 sieve) (Appreciable amount of
5 6 § ’ fines) . GC Clayey gravel; gravel/sand/clay mixture(s)

e f

(=] " .
3 E i SAND AND CLEAN SAND SW Well-graded sand; gravelly sand; little or no fines
%) o Litt i
9:( ﬁ f SANDY SOIL (Little or o fines) SP Poorly graded sand; gravelly sand; little or no fines

5 @
Q § 2 (More than 50% of . P
O, e coarse fraction passed | SAND WITH FINES SM Sitty sand; sanfi/snt mixture(s)

through No. 4 sieve) (Appreci?]bnl:sz;lmount of sc Clayey sand: sand/clay mixture(s)
© ‘ML " Inorganic sllt and very fine sand; rock flour; silty or clayey fine

4 ~‘_§ 3 SILT AND CLAY. sand or clayey silt with slight plasticity
(@] % 'g - cL - Inarganic clay of low to medlum plasticity; gravelly clay; sandy
oEQ (Liquid limit less than 50) clay; silty clay; lean clay
% ‘;: g ﬁ OL Organic silt; organic, silty clay of low plasticity.
o 2N
§ P . MH Inorganic silt; micaceous or diatomaceous fine sand
U g SILT AND CLAY / . : . -
L] E T // Inorganic clay of high plasticity; fat cl
% EO g (Liquid limit greater than 50) v A cH g 4 ae v rateay

e ’ % OH Organic clay of medium to high plasticity; organic silt

. _ o
HIGHLY ORGANIC SOIL B PT Peat; humus; swamp soll with high organic content
GRAPHIC LETTER )
OTHER MATERIALS SYMBOL SYMBOL TYPICAL DESCRIPTIONS
PAVEMENT ' AC or PC| Asphalt concrete pavement or Portland cement pavement
ROCK : RK Rock (See Rock Classification)
WA ASEIAAINZN] T
WOOD % WD Wood, lumber, wood chips
‘DEBRIS (2% DB Construction debrls, garbage
L1 LA L

Notes: 1. USCS letter symbols correspond to the symbols used by the Unified Soil Classification System and ASTM classification methods. Dual letter symbols (e.g.,
SP-8M) for a sand or gravel indicate a soil with an estimated 5-15% fines. Muitiple letter symbols (e.g., ML/CL) indicate borderline or multiple soil classifications.
2. Soil deserlptlons are based on the general approach presented in the Sfandard Practice for Descnpt/on and Identificatlon of Soils (Visual-Manual Procedure),
as outlined in ASTM D 2488. Where laboratory index testing has been conducted, soil classifications are based on the Standard Test Method for Classification
of Soils for Engineering Purposes, as outlined in ASTM D 2487,
3, Soil description terminology Is based on visual estimates (in the absence of laboratory test data) of the percentages of each soil type and is defined as follows
Primary Constituent: > 50% - "GRAVEL," "SAND," "SILT," "CLAY," etc. :
Secondary Constituents: > 30% and < 50% - "very gravelly " "very sandy," "very silty," etc.
> 15% and < 30% - "gravelly,” "sandy," "silty," etc,
‘Additional Constituents: > 5% and < 15% - "with gravel," "with sand," "with silt," etc.
< 5% - "trace gravel," "trace sand," "trace silt," etc., or not noted.

Drilling and Sampling Key- Field and Lab Test Data
SAMPLE NUMBER & INTERVAL SAMPLER TYPE .
) Code Description . Code Description
Sample |dentification Number @ 3.26-inch O.D., 2.42-inch 1.D. Split Spoon PP=1.0 Pocket Penetrometer, tsf
. b 2.00-inch O.D., 1.50-inch I.D. 8plit Spaon TV =05 Torvane, tsf
i ¥ Recovery Depthinterval ¢ Shelby Tube PID=100  Photolonization Detector VOC screening, ppm
) d  Grab Sample W=10 Moisture Content, % .
1EQJ‘“ Sample Depth Interval o oy or - See text if applicable - . D=120  Dry Density, pcf
Portion of Sample Retained 1 300-lb Hammer, 30-inch Drop -200 = 60 Material smaller than No, 200 sieve, %
for Archive or Analysis 2 140-Ib Hammer, 30-inch Drop GS Grain Size - See separate figure for data
3  Pushed AL Atterberg Limits - See separate figure for data
4 Other - See text if applicable GT Other Geotechnical Testing '
G roun dwater : CA Chemical Analysis
Y Approximate water elevation at time of drilling (ATD) or on date noted. Groundwater
'ATD levels can fluctuate due to precipitation, seasonal conditions, and other factors,

Shoreline Containment Wall Soil G f S , Figure
Investigation oil Classification System and Ke
Landa.u Cascade Pole Site . y =Y A"1
Associates :




21015.164 12/14/00 S'\WMODELING\GINTWAPROJECTS\21015-16.GPJ SOIL BORING LOG

, B-1
SAMPLE DATA SOIL PROFILE GROUNDWATER
é g é —g Drilling Method:_Mobile B-61, 4" ID HSA
= > = > | ©
e 23|58 & | 9| 5| croundElevation (ty_17.8 MLLW) g
5 T:.E ol ® a -g_ 1% 5
g EEVE| 2| 3 | 88 5
a wes| 0| m Pt G| 2 =
[0 ol sP Brown, gravelly SAND with trace silt N
B . (medium dense, moist) (fill) (slight UV -
- . response, no odor, no sheen) -
5 541 - 3
N H b2 | 18 N 7
B H b2 | 19 N ]
10 somn| [5o: Brown, sandy GRAVEL with trace sift -
- at " :);9' (medium dense, wet) (fill) (no UV response, 1
B o} 8' no odor, no sheen) ]
- 52 AVAN ]
K H al | 27 P o ]
O-- It
B & |
| P ]
15 g3 P.0. =
N al | 8 gjo': i
X o N Brown, gravelly, medium to coarse SAND N
- S-4 W= 14 and trace silt (medium dense to loose, wet) N
N E al | 10 Gs (fill) (no UV response, no odor, no sheen) ]
- 20 ‘ .
- H al 9 N
A 8-5 ]
B E at 6 ]
B . Gray, fine to coarse SAND with sfit and trace 1
—25 g4 W =22 gravel. (medium dense, wet) (fill) (no UV -]
i~ E at 9 e ; response, no odor, no sheen) ]
- _ GSs -
A S-7 N
i E at | 14 o ’
B Gray, sandy GRAVEL with trace sfit (very ]
—30 gg dense, wet) (fill) (no UV response, no odor, —]
- E at 55 no sheen) ]
N 5.9 Gray, medium to coarse SAND with silt and ]
- - E ai | 3g | W=20 |-t} trace gravel (dense, wet) (fill) (no UV +
- Gs .1 response, no odor, no sheen) ]
35 soA | a1 | 51 | w=17 | - ]
- ' S-10B w=30 |} SM/ Gray, gravelly, silty SAND/ sandy SILT with -
- e ML marine shells (very dense/hard, wet) ]
B . (aquitard remnant) (no UV response, no 1
- -11A 4 | 100/ |- odor, no sheen) ]
- S-11B a 5" Ar 5
40 63/ =45 |- | 5P . Gray, fine to medium SAND with trace -]
- 542__.1 al 9" w=1s ). RN gravel (very dense, wet) (lower aquifer) (no -
" ; UV response, no odor, no sheen) N
[~ Boring Completed 08/29/00 Point located at Local Coordinates: 1
- Total Depth of Boring = 40.8 ft, North: 638095.7 ]
- ) East: 402294.9 -
— 45 -
Notes: 1. Stratigraphic contacts are based on field interpretations and are approximate.
2. Reference to the text of this report is necessary for a proper understanding of subsurface conditions,
3. Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
Shoreline Containment Wall Figure
Land Investigation Log of Boring B-1 A 2
andaau Cascade Pole Site _ -
Associates -
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B-2

S w o
o 3.3 Q

‘lll(lllll]ill!lll[l!lllllIIIlIIIlliIILhiIIllIIlIT

ES
Lér]

Landau

Associates

Boring Completed 08/28/00
Total Depth of Boring = 28.4 ft.

Point iocated at Local Coordinates:
North: 638135
East: 402235.2

Notes: 1. Stratigraphic contacts are based on field Interpretations and are approximate.
2. Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3. Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols,

SAMPLE DATA SOIL PROFILE GROUNDWATER
2 ® 8 5 Drilling Method:_Mobile B-61, 4" ID HSA

— Z=|F1 8 © %) > i < 17.0 (MLLW) >

e = g 5 u\? £ Sl Ground Elevation (ft) g

e o8| o @ o S|l 0 0

g SSIE| S| % | 8|8 8

o ne| » | @ — g |5 =
0 b ool GP Crushed rock drill pad - Installed by Wilder |
- 3_8_-_0 08/2000; removed 09/2000, -
- D59 -
. 0 o0 -
- P.0.0. . .
- 060" ]
B o) N
5 (0 Brown, sandy GRAVEL with trace silt 7
- (medium dense to dense, wet) (fill) (UV E
" o response in sample S-2, no odor, no sheen) ]
- s-1 b2 | 38 1
40 b2 | 49 A
- 8-2 .
L b2 30 ]
- 53 . _ ]
[ b2 | 16 N
B : ¥ am ]
- S-4 W=7 -]
15 b2 | 14 cs -
B S-5 ]
» b2 38 :
N S-6 SM Gray, silty, medium to coarse SAND (dense, ]
20 b2 34 k wet) (UV response, strong odor and sheen, —
) free product on sample $-8) (fill) ]
S-7:l] b2 7 ML Gray SILT with trace sand, marine shells, ]
and gravel (soft to medium stiff, wet) (UV -]
- response, strong odor and slight sheen) ]
W =47 (aquitard) i
Y || e E
GT :
GT .

Shoreline Containment Wall
Investigation
Cascade Pole Site

Log of Boring B-2

Figure




B-3

21015.164 12/14/00 S:\MODELING\GINTWAPROJECTS\21015-16.GPJ SOIL BORING LOG

SAMPLE DATA SOIL PROFILE GROUNDWATER
}E;,’ o _é 5 Drilling Method: Mobilg B-61, 4" ID HSA
o~ Z=|F1 8 « (%) . 154 (MLLW P
e Sl e | £ | S| @& | GroundElevaton (f) (MLLW) 8
S agla| & o 19 3
a. EE| E % % 210 £
) = @ 9 ] i 2]
o B3| o) | M - a| s o : 2
0 50 GP Grushed rock dril pad - Instalied by Wilder ]
- b2 08/2000; removed 09/2000, .
B D 5O .
- Pol i
B Sy 7
R 0.5.0- .
[ el ]
B 0. O i
B o] Q ‘0. : N
B ;)‘.O{o'; GP Quarry spalls/Riprap slope protection E
- 0.20. _ ]
N h O, Y am :
_ S-1A _3'.4.' bl GM Wood Debris and Brown to black, silty, ]
- E b2 | 23 33 b. sandy, GRAVEL (wet, medium dense) (UV E
n D 3‘-)'- response, sulfur odor, no sheen) (filh) ]
- b E
- b P b ]
- D P Z
- S1B b2 D bP Refusal at 12.6 feet - move west A
- - 3 o approximately 5 feet and resume drilling 1
- SFF sm N
- | Gray, silty, gravelly, fine SAND with marine i
—15 W=25 shells and wood (medium dense, wet) (no —
R S-Z]] b2 | 15 G_S " UV response, sulfur odor, no sheen) (fill) ]
B MH - Gray to green SILT with sand and marine ]
- shells (very soft, wet) (ho UV response, =
- slight odor, slight sheen) (aquitard) 7
- s3 ]] b2 | o | W=88 ‘ :
5 or z
25 .
N -4A c3 -
[~ 8-48 c3 © GS |
N S-5 b2 | 2 | w=s52 ]
30 , ]
- 56 ]
- _ar -
‘_35 Boring Completed 08/29/00 Point located at Local Coordinates: 7
. Total Depth of Boring = 32.8 ft. North: 638186.9 ]
- East: 402136.7 -
— 40 -
45 ]
Notes: 1. Stratigraphic contacts are based on field interpretations and are approximate.
2. Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3. Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
Shoreliné Containment Wall . Figure
Land Investigation Log of Boring B-3 A 4
andau Cascade Pole Site =~
Associates
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B-4

Depth (ft)

l I L A L [ LR I L L L ]
P o [ N N -l — o o
(=] [3;] L=l (1] o N o

[ltlI[Illlllll!Illlll{]lfilIAll|[I'IlllIK[IIIIII‘II]IIII!IIII

S
o

SAMPLE DATA SOIL PROFILE GROUNDWATER
_?é a _é 3 Drilling Method:_Mobile B-61, 4" ID HSA
=] ol e £ o
z g E “Ej) g @ | & | Ground Elevation (fty_17.5 (MLLW) §
ool ol & (=) = 0 =
EE| E = k7 & &} 3
=] @ Qo 3 i n ©
w| » | o = G- ‘ 2
b P-b| GM Gray, siity, sandy GRAVEL with shells
b ?_' b . (dense, wet) (no UV response, no odor, no
b B b sheen) (fill .
AN ' .
P b P
b.l'b.
b P b
51 . b’ g D’ S_Z ATD
E bz | P b
6 b- P
. b b
“PPE .
S_ZE b2 13 Rt P wood debris
1l sm Gray, fine to medium SAND with silt
K (medium dense, wet) (no UV response,
B sulfur odor, slight sheen) (fill)
- W=20 [ {.
S BE b2 | 14 es |1 Grades gravelly
S-4° b2 3 ::).l"{"c' GP- Gray, sandy GRAVEL with silt and marine
o;g',o GM - shells (very loose, wet) (slight UV response,
o A4d no odor, no sheen) (fill)
SM/ Gray, sandy SILT or silty fine to medium
S-5a | b2 1 2 ML SAND with marine shells (very soft/loose,
S-5b W=78 MH wet) (fill) (no UV response, no odor, no
- sheen) :
S-6 b2 | 1 Gray to green SILT with sand (very soft,. -
wet) (no UV response, no odor, no sheen)
(aquitard)
GT
AL
GS
8-7 c3 GT
W =74
GT

Boring Completed 08/30/00
Total Depth of Boring = 26.8 ft.

Notes:

Point located at Local Coordinates:
North: 638229.8
East: 401992.1

1. Stratigraphic contacts are based on field interpretations and are approximate.

2. Reference to the text of this report is necessary for a proper understanding of subsurface conditions.

3. Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.

Il)!l|||!l|ll|l1ll)l|l]Yll!lIllllj[l!!‘]l||ylll[lIll!l‘lllllll'[['ll!ll]Il!!ll!yvllllv][llrl

Landau
Associates

Shoreline Containment Wall
Investigation
Cascade Pole Site

Log of Boring B-4

Figure

A-5
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B-5

Notes:

1. Stratigraphic contacts are based on field interpretations and are approximate.

SAMPLE DATA SOIL PROFILE GROUNDWATER
’ P e — .
2 | o 8 | 5 | Drilling Method:_Mobile B-61, 4" ID HSA

E 18] Sl g 3

= z5| 5 8 8 @ | = | Ground Elevation (ft)_16.8 (MLLW) 3

e v & | WL 15| o | n -

5 gl al| @ a E x| : =

o EE| E| 2 B g1 Q i

) G=! @ Q @ o (%]

Q Ned| B | @ [t CI = =
0 No sampling (0 to 20 ft) 1
-5 Y Estimated _“
10 -
15 -
20 S-1 b. 1| GP- Gréy, sandy GRAVEL with silt (medium ]
- b2 | 12 69 ‘! GM - dense, wet) (no UV response, no odor, no -1
N . b4qd! sheen) (fill) .
. C -
- s-2 0= B4 ]
- -eUU= g, .
- 7 E b2 | 15 | Toy Bl . .
| o5 MH Gray SILT with marine shells (very soft to -
- soft, wet) (slight UV response, slight odor, -
N S-3 I b2 | 2 | W=46 no sheen) (aquitard) N
- S-4 I o3 .
- GT k
- ) AL 7
N S-5 I c3 oT ]
- ; W =40 -
X et (H ____ : :
- b Sm/ Gray, very silty, fine to medium SAND with ]
|—-36 86 b2 11 o ML gravel and marine shells (medium dense, —
5 N B - 53 wet) (no UV response, no odor, no sheen) / ]
- 8-7 b2 | 20 W(;Sm \(aguitard) .,
B ‘Gray, gravelly, fine to medium SAND and i
B trace silt (medium dense, wet) (no UV / ]
B response, no odor, no sheen) (lower aquifer) N
- Boring Completed 08/31/00 Point located at Local Coordinates: N
— 40 Total Depth of Boring = 37.5 ft, North: 638096.3 -]
- East: 402274.3 N
— 45 -

2. Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3. Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.

Landau

Associates

Shoreline Containment Wall
Investigation
Cascade Pole Site

Log of Boring B-5

Figure

A-6
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APPENDIX B

LABORATORY TESTING

Physical laboratory tests were performed by Landau Associates and Rosa Environmental and
Geotechnical Laboratory (Rosa). Natural moisture content, Atterberg limits, and grain size classification
tests were conducted in Landau Associates’ laboratory. Triaxial testing and supplemental grain size and
Atterberg limits were conducted by Rosa. The Rosa report is included within this appendix.

| Natural moisture content determinations of the samples were performed in general accordance
with ASTM D 2216 test procedures. The results from the moisture content determinations are indicated
on the boring logs. .

Atterberg limits testing was performed in general accordance with test procedures outlined in
ASTM D 4318. The purpose of the test was to determine the liquid limit, plastic limit, and plasticity
index of fine-grained material. Results for the Atterberg limits testihg can be found on Figure B-1 and in
Rosa’s lab report. _

Grain size analyses were conducted in general accordance with ASTM D 422 and ASTM D 1 140,
and are reflected in the classifications and descriptions provided on the boring logs. Results of the grain
size analyses are also presented in the form of grain size distribution curves on Figures B-2 and B-3 and
in Rosa’s lab report. | ‘ '

Consolidated Undraingd triaxial tests were performed on selected soil samples, to determine the
undrained shear strength (Sy) and the undrained friction angle of the aquitard soils, in general accordance
with ASTM D 4767. The raw data from this testing is presented in Rosa’s lab report. A summary of the
strength testing results is presented in the report text. 7 -

Consolidated Undrained (CU) triaxial shear tests were conducted on selected samples from
borings B-5 (sample S-5) and B-4 (sample S-7). Sample B-5, S-5 was identified as a grey clayey silt with
heavy éhell fragments, which was considered to be typical of the aquitard soil found along the proposed
shoreline wall alignment. Sample B-4, S-7 was selected as a testing control sample because it was a fairly
uniform grey clayey silt, with very few shell fragments, and would indicate any testing anomalies caused
by the heavy shell content of the other samples.

CU triaxial shear tests were performed on three separate portions of sample B-5, S-5 at confining
pressures of 3, 7, and 15.5 psi. One portion of the control sample B-4, S-7 was tested at a confining
pressure of 7 psi. The fest confining pressures were selected based on estimates of the vertical effective
stresses that will exist at the time of contaminated soil excavation in front of the shoreline containment

wall.

12/27/00 SAWPROC\021\015\164\S1 Letter - final_apb.doc LANDAU ASSOCIATES
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60

/ !
50 //
aof /
g -
g ) /
E’ 30 ,
S. xt
; /
20 //
10 / ®
CL-ML ) @ B
0 .
0 10 20 30 40 - 50 60 .70 . 80 90 100 110
Liquid Limit (LL)
ATTERBERG LIMIT TEST RESULTS
Exploration| Sample Liquid | Plastic [Plasticity| Natural Unified Soll

Symbol| Number |Number

Depth{ Limit | Limit | Index |Moisture
) | h) | (%) | (%) (%)

Soil Description

Classification

Gray SILT with trace sand, marine shells, and gravel

] B-2 240 | 46 36 10 47 ML
- B-3 200 63 36 27 88 Gray to green SILT with sand and marine shells MH
ASTM D 4318 Test Method

Shoreline Containment Wall Figure

Landau
Associates

Investigation
Cascade Pole Site

Plasticity Chart
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RECS 1001 SW Klickitat Way, Suite 107
EG Labuwe Seattle, WA 98134

Rosa Environmental & Geotechnical Laboratory, LLC (206) 287-9122

October 22, 2000

Mr. Mark Ahlstrom

Landau Associates, Inc.
23107 100th Ave. West
P.O. Box 1029

Edmonds, WA 98020-9129

Regarding: Landau Associates Project No. 21015.164; REGL Project No. 1020-007

Dear Mr. Ahlstrom;

The enclosed data tables and piots contain the triaxial compression test results you requested.
The report includes summary tables and plots for the consolidated, undrained triaxial shear test
results, grain size analysis and Atterberg Limits, as well as a narrative describing the testing and
results.

Please call me if you have any questions or comments on the data or its presentation.

Best Regards,
Rosa Environmental & Geotechnical Laboratory, LLC

Harold Benny
Quality Assurance Manager



1001 SW Klickitat Way, Suite 107
E_. &b WMBE Seattle, WA 98134

Rosa Env1ronmental & Geotechnical Laboratory, LLC (206) 287-9122

Client: Landau Associates, Inc. REGL Project No.: 1020-007
Client Project No.: 21015.164 Sample Batch No.: NA

Case Narrative

1. Six Shelby tube samples were received for testing. Of these, four tubes were extruded for
examination by Landau Associates. Samples for consolidated, undrained triaxial compression
were selected. Two samples were also designated for grain size analysis and two for
Atterberg Limits.

2. Sample B-5, S-5 was selected for CU tests at 3, 7, and 15.5 psi confining pressures, and
Atterberg Limits. The sample was visually classified as gray, moist, clayey silt, with shell
fragments throughout.

3. Sample B-4, S-7 was also selected for CU testing at 7 psi, along with Atterberg Limits and

grain size analysis. The sample was visually classified as gray, moist, clayey silt.

Sample B-3, S-4B was selected for grain size analysis,

The triaxial testing was run according to ASTM D-4767. The CU sample was trimmed without

difficulty. The sample was backpressure saturated until a B value of >0.95 was obtained.

The specimen was then consolidated at the designated pressure. Timed readings were taken

and plots of consolidation vs. square root of time were constructed to determine the point at

which t50 occurred for calculation of the strain rate.

6. Following saturation and consolidation, the sample was allowed to sit overnight before
beginning the shear portion of the analysis. The CU test was run at a strain rate of 0.0025
inches per min. Following the CU test, the sample was split for examination and the moisture
content was determined. Both the oven dried and archived halves will be saved for 90 days
before disposal.

7. The Atterberg Limits were determined according to ASTM D-4318. The results are shown on
the attached plot.

8. The grain size distribution was determined according to ASTM D-422. The results are shown
on the attached plot and summary tables.

Approved by: %/ﬁ——\ Date: &Cﬁ‘v &Z// Zets

Title: Laboratory Manager

o~




ROSA ENVIRONMENTAL AND GEOTECHNICAL LABORATORY, LLC

Landau Associates, Inc.
Project: 21015.164

Atterberg Limits
60
50
CH or OH
é 40 cihbrol
ge]
£
."? 30 MH-or O
)
I‘;
0 A
E 20 |‘V'|Loru'/ -
%AL /
10 / — _
/ /
O/ 1 T i ] T H ] T
0 10 20 30 40 50 60 70 80 90 100 110
Liquid Limit
i VVVVVVV —8—B-4, S-7 —ak~—B-5, §-5 --0—-” #REFl o ‘""‘+"“'“"‘"“"‘”
Sample | ponn | P1ESHCNY | o Limit| Plastic Limit|  Classification
Number Index
B-4,S-7 | 22-245 | 39.6 76.1 36.5 MH
B-5,S-5 |30.5-32.5| 23.9 55.3 314 MH
1020-007

1000-011
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ROSA ENVIRONMENTAL AND GEOTECHNICAL LABORATORY

Landau Associates, Inc.
21015.164

Percent Retained in Each Size Fraction

% Coarse % Medium % Fine % Total
0, 0, i [¢)
Sample No. % Gravel Sand Sand Sand Sand % Silt % Clay
Size (microns) > 4750 4750-2000 2000-425 425-75 4750-75 75-3 <3
B-3 S4B 26-28.5' 0.0 0.3 1.0 10.7 12.0 52.5 35.5
B-4 S-7 22-24.5 0.0 0.0 0.6 23.1 237 52.8 23.5

1020-007
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Rosa Environmental Geotechnical Laboratory, LL.C

Landau Associates, Inc,

Project: 21015,164
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Consolidated, Undrained Triaxial Compression

—+— Deviator Stress psf

-e—|nduced Pore Pressure psfi
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|
-200
Axial Strain
Water Content . ) Unit Weight Pressure
sample | Depth %) Void Ratio Saturation (Ibs/ft’) (psi)
Number feet Initial Final Initial Final Initial Final Initial Wet | Initial Dry | Consol Cell Back
B-5S-5 | 30.5-32.5 37.7 38.2 1.06 1.08 0.96 1.00 113 81 3 38 35
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Rosa Environmental Geotechnical Laboratory, LLC

Landau Associates, Inc.
Project: 21015.164

Consolidated, Undrained Triaxial Compression

™
9)
-
—
o}
1 &
0 ¥ T T 7
0 0.05 0.1 0.15 0.2
Axial Strain
Unit Weight
Water(;) ;)ntent Void Ratio Saturation n:bs/:;g Prc(apssslt)lre
0
Sample Depth ( )
Number Feet Initial Final Initial Final Initial Final | Initial Wet| Initial Dry | Consol Cell Back
B-5S-5 | 30.5-32.5 37.7 38.2 1.06 1.03 0.98 1.00 112.6 81.5 3 38 35
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Rosa Environmental Geotechnical Laboratory, LLC

Landau Associates, Inc.
Project: 21016.164
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Rosa Environmental Geotechnical Laboratory, LLC

Landau Assaciates, Inc.
Project: 21015.164
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Rosa Environmental Geotechnical Labofatory, LLC

Landau Associates, Inc.
Project: 21015,164

Consolidated, Undrained Triaxial Compression
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Axial Strain
Unit Weight
Water(;? <)3ntent Void Ratio Saturation nllbs/::3g Prz;sit;re
(4

Sample Depth ( )
Number Feet Initial Final Initial Final Initial Final | Initial Wet|{ Initial Dry [ Consol Cell Back
B-4 S-7 22-24.5 74.3 716 2.09 1.98 0,96 1.00 95.2 555 8 43 35
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Rosa Environmental Geotechnical Laboratory, LLC

Landau Associates, Inc.
Project: 21016.164

Consolidated, Undrained Triaxial Compression

1600 -,
i
[
i
i
!
' 1400 A
|
1200 -
1000 A
% i
2
5 500 - — ;
;9 - —— Deviator Stress psf |
R |
i : i
1 | |~ Induced Pore Pressure psf|
! }
i i L
| 6004 '
1 H
o
1 ;,
| 400 -
' )
]
: )
: .
|
200 A
|
|
| .
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
Axial Strain
L.
Water Content ) . . Unit Weight Pressure
Sample | Depth %) Void Ratio Saturation (Ibs/t) (ps)
Number feet Initial Final Initial Final Initial Final | Initial Wet| Initial Dry | Consol Cell Back
B-4S-7 | 22245 74.3 71.6 2.09 1.93 0.96 1.00 95 55 8 43 35
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Rosa Environmental Geotechnical Laboratory, LLC

Landau Associates, Inc.
Project: 21015.164

(c1-53)/2

Shear Stress (psf)
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Rosa Environmental Geotechnical Laboratory, LLC

L.andau Assoclates, Inc.
Project: 21015.164

cl1Y/c3"

Consolidated, Undrained Triaxial Compression

O 4 1 - T 1
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
Axial Strain
Unit Weight
Water(;} )ontent Vold Ratio Saturation Ilb /:;? Pr(e::it)ue

' o
Sample | Depth (s
Number Feet Initial Final Initial Final Initial Final Initial Wet | Initial Dry | Consol Cell Back
B-58-5 | 30.5-32.5 36.8 34.9 1.16 0.97 0.87 0.97 107.4 79.6 16.5 52.5 37
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Rosa Environmental Geotechnlcal Laboratory, LLC

Landau Associates, Inc.
Project: 21015.164

Consolidated, Undrained Triaxial Compression
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Axial Strain
Water Content ) . Unit Weight Pressure
Sample | Depth (%) Void Ratio Satluratlon (Ibs/it) (psi)
Number feet Initial Final Initial Final Initial Final Initial Wet | Initial Dry | Consol Cell Back
B585 [305325] 368 34.9 115 0.57 087 0.57 07 80 155 525 37
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Resa Environmental Geotechnical Laboratory, LLC

Landau Assoclates, Inc.
Project: 21015.164
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Rosa Environmental Geotechnical Laboratory, LLC

Landau Assoclates, Inc.
Project: 21015.164

Consolidated, Undrained Triaxial Compression
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Axial Strain
Unit Weight
Watezo(/Z ;mtent Void Ratio Saturation n(l] bs/ ﬂa? Pr((aps:il;re
‘o
Sample Depth
Number Feet Initial Final Initial Final Initial Final Initial Wet| Initial Dry | Consol Cell Back
B-58-56 | 30.,5-32.5 437 44,2 1.23 1.19 0.96 1.00 108.4 75.2 7 37 30
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Rosa Environmental Geotechnical Laboratory, LLC

Landau Associates, Inc.
Project: 21015,164

Consolidated, Undrained Triaxial Compression
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Axial Strain
Water Content . . . Unit Weight Pressure
sample | Depth ) Void Ratlo Saturation (os/ft%) (psi)
Number feet {nitial Final Initial Final Initial Final [ Initial Wet| Initial Dry | Consol Cell Back
B-68-5 | 30.56-32.5 43.7 44.2 1.23 1.19 0.96 1.00 108 75 7 37 30
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