
Materials Testing & Consulting, Inc. 
Geotechnical Engineering ● Materials Testing ● Special Inspection ● Environmental Consulting   
 
 

C o r po ra t e    7 7 7  Ch r y s l e r  Dr i v e    B u r l i n g t o n ,  W A  9 8 2 3 3    P h o n e  3 6 0 . 7 55 .1 9 9 0    Fa x  36 0 .75 5 .198 0  
S W  R e g io n    2 1 1 8  B la c k  L a k e  B l v d .  S . W .  O l y mp i a ,  W A  9 851 2    Phon e  360 .5 34 .9 77 7    F a x  3 6 0 .5 34 .9 7 7 9  

N W  R e g io n    8 0 5  Du p o n t ,  Su i t e  # 5    B e l l i n gh a m,  WA  9 82 25    Pho n e  36 0 .64 7 .60 61    F a x  3 60 .6 47 .8 111   
K i t s a p  R eg ion    5 4 5 1  N . W .  N e w b e r r y  H i l l  R o a d ,  Su i t e  1 0 1    S i l ve r d a l e ,  WA  9 838 3    P ho n e / F ax  36 0 .69 8 .67 87  

 
 

V i s i t  o u r  w eb s i t e :  w w w . mt c - i n c .n e t  
 

March 23, 2015 
 
 
City of Marysville, c/o: 
Justin Clary, P.E. 
Maul Foster Alongi 
1329 North State Street, Suite 301 
Bellingham, WA 98225 
 
Subject: Geotechnical Feasibility Investigation 
 Proposed Site Redevelopment – Geddes Marina 

1326 First Street, Marysville, Washington 
 
MTC Project No.: 14B037-01 
 
Dear Mr. Clary: 

This letter transmits our Geotechnical Feasibility Report for the above-referenced project.  Materials 

Testing & Consulting, Inc. (MTC) performed this geotechnical engineering study in accordance with our 

Proposal for Geotechnical Services, dated September 19, 2014, and the work order executed November 

20th, 2014. 

We would be pleased to continue our role as your geotechnical engineering consultants during the 

project planning and construction.  We also have a keen interest in providing materials testing and 

special inspection during construction of this project.  We will be pleased to meet with you at your 

convenience to discuss these services. 

We appreciate the opportunity to provide geotechnical engineering services to you for this project.  If 

you have any questions regarding this report, or if we can provide assistance with other aspects of the 

project, please contact me at (360) 755-1990. 
 
Respectfully Submitted, 
MATERIALS TESTING & CONSULTING, INC. 
 
 
 
John R. Gillaspy, L.E.G.    Leland B. Rupp, P.E.  
Project Engineering Geologist   Geotechnical Division Manager 
 
Attachment:  Geotechnical Feasibility Investigation Report – Geddes Marina Redevelopment 



 
 
  

ii 

 

GEOTECHNICAL 
FEASIBILITY INVESTIGATION 

 

PROPOSED REDEVELOPMENT – GEDDES MARINA 
1326 FIRST STREET 

MARYSVILLE, WASHINGTON 

 
 
Prepared for: 
 
City of Marysville, c/o: 
Justin Clary, P.E. 
Maul Foster Alongi 
1329 North State Street, Suite 301 
Bellingham, WA 98225 
 
 
 
Prepared by:   
 
 
 
 
 
 
 
 
 
 
 
 
John Gillaspy, L.E.G.      Leland Rupp, P.E. 
Project Engineering Geologist    Geotechnical Division Manager 
 
 
 
MATERIALS TESTING & CONSULTING, INC. (MTC) 
777 Chrysler Drive 
Burlington, Washington  98233 
Phone:   (360) 755-1990 
Fax:       (360) 755-1980 
 
 
March 23, 2015 
MTC Project Number:  14B037-01 
 
Copyright 2015 Materials Testing & Consulting, Inc. 
All Rights Reserved

3-23-2015 3-23-2015 



Geddes Marina Redevelopment, Marysville, Washington  Materials Testing & Consulting, Inc. 
March 23, 2015  Project No.: 14B037-01 
  

iii 

Table of Contents 
1.0  INTRODUCTION ............................................................................................................... 1 

1.1  GENERAL ...................................................................................................................................................... 1 

1.2  PROJECT DESCRIPTION ............................................................................................................................. 1 

1.3  PURPOSE AND SCOPE OF SERVICES ...................................................................................................... 2 

2.0  SITE EXPLORATION AND LABORATORY TESTING ................................................ 3 
2.1  SITE EXPLORATION ACTIVITIES ............................................................................................................ 3 

2.2  LABORATORY TESTING ............................................................................................................................ 3 

3.0  EXISTING SITE CONDITIONS ........................................................................................ 4 
3.1  SURFACE DESCRIPTION ............................................................................................................................ 4 

3.2  AREA GEOLOGY ......................................................................................................................................... 4 

3.3  SOIL CONDITIONS ...................................................................................................................................... 5 

3.4  SURFACE WATER AND GROUNDWATER CONDITIONS..................................................................... 7 

4.0  GEOTECHNICAL ANALYSIS .......................................................................................... 9 
4.1  SEISMIC DESIGN AND ACCELERATION PARAMETERS ..................................................................... 9 

4.2  LIQUEFACTION SUSCEPTIBILITY AND SETTLEMENT POTENTIAL .............................................. 10 

5.0  FEASIBILITY DISCUSSION & RECOMMENDATIONS ............................................. 12 
5.1  FOUNDATION FEASIBILITY ................................................................................................................... 12 

5.1.1  Shallow Considerations ....................................................................................................................... 12 
5.1.2  Ground Improvements ......................................................................................................................... 13 
5.1.3  Pile Foundation Option ........................................................................................................................ 14 

5.2  SITE PREPARATIONS DISCUSSION ....................................................................................................... 15 
5.2.1  Excavations and Dewatering ............................................................................................................... 15 
5.2.2  Exterior Surface Improvements ........................................................................................................... 16 
5.2.3  Site Materials ....................................................................................................................................... 16 
5.2.4  Wet Weather Construction Considerations.......................................................................................... 17 

5.3  ON-SITE STORMWATER DISPOSAL FEASIBILITY ............................................................................. 17 

6.0  LIMITATIONS .................................................................................................................. 18 
Appendix A. SITE LOCATION & VICINITY ........................................................................... 19 
Appendix B. SITE MAP OF TEST LOCATIONS ..................................................................... 20 
Appendix C. CPT RESULTS .................................................................................................... 21 
Appendix D. GEOPROBE EXPLORATION LOGS ................................................................. 23 
Appendix E. LIQUEFACTION ANALYSIS .............................................................................. 33 



Geddes Marina Redevelopment, Marysville, Washington  Materials Testing & Consulting, Inc. 
March 23, 2015  Project No.: 14B037-01 
  

1 

1.0 INTRODUCTION 

1.1 GENERAL 

This report presents the findings and recommendations of Materials Testing & Consulting, Inc.’s (MTC) 

geotechnical feasibility study conducted for the client’s consideration in evaluating the suitability of 

proposed site redevelopment of the Geddes Marina property in Marysville, Washington.  The subject 

project is located at the north end of Highway 529 on Ebey Slough in Marysville, Washington.  The 

project vicinity and location, and an aerial photo of the project site, are provided in the Figures 1 and 2 

of Appendices A and B respectively. 

1.2 PROJECT DESCRIPTION 

It is our understanding based on initial project scoping discussions that the client is considering 

redevelopment of the subject site, formerly a privately owned and operated marina.  Presently the site is 

occupied with various small buildings and associated gravel or asphalt-surfaced access roads.  Much of 

the site interior is occupied by the existing marina waterway.  Existing structures are primarily 

concentrated among the north portion of the site near the fronting First Street, while a few isolated shops 

and storage outbuildings are spread along the perimeter and south end at the shoreline.  MTC is 

informed that the site is under evaluation by the client for potential construction of one or multiple 3- to 

5-story structures and associated general site improvements and marina repurposing.  Underground 

parking is also considered due to space constraints.  Primary building areas are proposed to be in the 

north part of the site near First Street.  The scope of development is subject to change, and may be 

altered following the results of this study and the concurrent environmental investigation conducted by 

others. 

MTC understands the project site has experienced prior uses, including a historic fueling station.  In 

addition, the site is known to contain relatively thick historically deposited uncontrolled fills from 

unknown sources.  Therefore, a goal of the geotechnical feasibility program has been to delineate the 

condition and extent of existing fills, addressing bearing suitability and potential difficulties for 

redevelopment. 

This study constitutes a limited exploration program and cursory-level site analysis for general 

development consideration.  Recommendations and interpretations herein are preliminary pending 

further exploration and analysis as needed for final design and construction, and will need to be re-

evaluated once design details are available.  MTC should be allowed to review proposed plans and 

provide recommendations for additional scope of study at that time. 
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1.3 PURPOSE AND SCOPE OF SERVICES 

The purpose of our study at this time was to explore and characterize subsurface conditions at the site, 

summarize findings and interpretations, perform liquefaction analysis, and provide commentary on the 

geotechnical feasibility of site development for the client’s use toward further site consideration and 

planning purposes.  At the request of the client, the scope of study does not constitute a full-scale 

geotechnical engineering investigation.  The findings presented are limited to the information available 

from the means and methods employed for site exploration and engineering analysis, the scope of which 

was determined in cooperation with the client representative prior to commencing the study. 

MTC’s scope of services was consistent with that presented in our Proposal for Geotechnical 

Engineering Services, dated September 19, 2014, and the subconsultant work order executed November 

20th, 2014. 
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2.0 SITE EXPLORATION AND LABORATORY TESTING 

2.1 SITE EXPLORATION ACTIVITIES 

MTC’s geotechnical site exploration activities were performed on December 29, 2014 and February 2 

through 3, 2015.  Field activities catalogued for this phase of study included Cone Penetrometer Testing 

(CPT) and Geoprobe (GP) direct-push continuous borings.  Exploration locations were generally 

selected by Maul, Foster, Alongi (MFA) prior to commencing field work based on the environmental 

phase directives and potential building areas for the site.  Test locations for CPT were nominally 

adjusted by MTC while on site during explorations as needed for access and coverage.  Additional 

information on the site exploration program and field methods is provided with our exploration logs in 

Appendix C and D of this report.  Test locations are shown approximately on the aerial photo site plan, 

Figure 2 of Appendix B.   

Two (2) CPT tests were commenced on December 29, 2014 under subcontract to MTC and on-site 

direction by an MTC staff geologist.  One CPT was performed in the holding yard of CJ Marine 

Supplies, Inc. located in the northeast corner of the site while a second CPT was advanced near the 

northwest corner of the marina in the existing road.  CPTs were advanced to a termination depth of 100 

feet below present grade (BPG).  CPT results provided by the contractor are attached in Appendix C. 

Ten (10) GP direct-push boreholes were advanced on February 2 and 3, 2015 under direction of MFA 

personnel.  Each boring was advanced to termination at 15 feet BPG.  MFA’s team selected test 

locations, directed borehole advancement, and performed environmental sampling procedures, while an 

MTC staff geologist observed and logged continuous core samples as available.  Soil cores were 

documented in accordance with the Unified Soil Classification System (USCS), and MTC staff made 

note of soil texture, color, consistency or density, and other geotechnical or geologically defining 

characteristics as possible.  MTC was present to observe and log subsurface conditions encountered at 

test locations within the project area as they related to potential building development, labeled as GM-1 

through GM-5 and GM-10 in accordance with MFA designations.  Field data on other potentially 

relevant locations among the middle site perimeter, GM-6 and GM-9, was provided by MFA and the 

archaeological subconsultant and adapted for informational use herein.  Complete GP borehole logs are 

attached as Appendix D. 

2.2 LABORATORY TESTING 

Due to the nature of the site conditions, potential for environmental contamination, and exploration 

activities at the time of this study, the scope of work did not include sampling of soils for geotechnical 

laboratory analysis.  The classifications and resulting interpretations reported herein are based on MTC’s 

field classifications and best available information gathered during the explorations. 
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3.0 EXISTING SITE CONDITIONS 

3.1 SURFACE DESCRIPTION 

The project site consists of a historically developed group of parcels located along the south side of First 

Street and north of Ebey Slough in Marysville, Washington.  The north border of the site extends along 

First Street for approximately 390 feet, turning south for 690 feet along the roadway bordering the west 

edge of Ebey Waterfront Park.  The southern edge of the project site is approximately 375 feet along 

Ebey Slough.  The west boundary travels 560 feet along the railroad tracks extending from the shoreline 

to the intersection with First Street.  The site is roughly rectangular in shape and flat, with typical 

surface level near sea-level elevation. 

The site is bordered by other historically developed properties.  To the west beyond that railroad tracks 

is a vacant industrial lot with dilapidated buildings.  Directly north across First Street, occupied 

commercial and retail buildings of the Marysville Mall are present.  The site shares its east boundary 

with Ebey Waterfront Park, a recently redeveloped public property consisting of open spaces, parking 

lots, and shoreline accesses.  To the south, Ebey Slough separates the subject site from generally 

unimproved land and the convergence of Highway 529 and Interstate I-5. 

The site has been historically utilized as a private marina, with improvements typically consisting of 

boathouses, docks and upland metal buildings of storage and warehouse-style construction.  Present 

surface conditions at the site vary, with the entrance road along the eastern boundary consisting of 

pavement that becomes crushed gravel and aggregate approximately 300 feet south from First Street.  

Another gravel access road begins at the north end of the site and borders the west edge of the property 

adjacent to the railroad alignment.  Small patches of grass and ground cover are present throughout the 

property, primarily found in areas along the edge of the marina and Ebey Slough.  No large areas of 

vegetation or trees are present.  In areas where buildings or boathouses remain or were apparently 

removed, evidence of local surface fills was observed.  An aerial photo of recent conditions depicting 

remaining structures and general layout was provided by MFA and is attached as Figure 2, Appendix B.   

3.2 AREA GEOLOGY 

The Geologic Map of the Marsyville Quadrangle, Snohomish County, Washington published by the 

USGS (Miscellaneous Field Studies Map MF-1743, J.P. Minard, 1985), indicates that the site geology is 

comprised of alluvial and glacial outwash deposits.  The southern majority of the site is mapped as 

Holocene Younger Alluvial and Estuarine Deposits (Qyal), with the exception of the north end near First 

Street which is mapped as Quaternary Recessional Outwash (Qvrm) - Marysville Sand Member.  The 

Marysville Sand Member Recessional Outwash, dating from the Vashon Stade of the Fraser Glaciation, 

extends broadly within the valley to the north of the site and is generally described as stratified to 
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massive outwash sand with minor amounts of gravel containing interbeds of silt and clay throughout.  

The Marysville Sand is up to approximately 100 feet thick, deepest in the middle of the valley, and is 

underlain by Vashon Till (Qvt) which is mapped on hills to the east and west of the regional valley.  The 

younger alluvial deposits (Qyal) are mapped along present-day streams and waterways north of the site 

location, and primarily along Ebey Slough and other estuarine land to the south of the site.  Deposits are 

described as stream-laid stratified sediment of varying sand, silt, and clay composition with common 

organic matter.  The unit includes tidal flats, peat deposits, and historic shoreline fill zones, and may be 

up to 100 feet thick or more. 

Shallow soils at the western and southern majority of the site are mapped by the NRCS Web Soil Survey 

as Sumas Silt-Loam, formed from alluvium on flood plains and generally consisting of silt loam to silty 

clay loam becoming coarse sand with depth.  The Sumas Silt-Loam unit is poorly drained and classified 

as Hydrologic Group C, with the depth to seasonal high groundwater ranging from 1.0 to 3.0 feet BPG.  

The northeast portion of the site is mapped as Field Silt-Loam, generally silt loam becoming stratified 

loamy fine sand to sand with depth.  Field Silt-Loam is typically moderately well drained and classified 

as Hydrologic Group B, with the depth to seasonal high groundwater ranging from 3.0 to 4.0 feet BPG. 

Native soil conditions encountered in the field below approximately 10 to 15 feet to maximum depth 

explored consist generally of bedded sand to silty fine sand with locally interbedded silt horizons.  By 

approximately 85 to 90 feet BPG, silt deposits were found to termination depth of 100 feet BPG.  The 

silt appears correlative with alluvial conditions rather than glacial till based on recorded consistency.  

These conditions are typical of thick regional alluvium and glacial outwash deposits, and are thus 

generally consistent with local geology sources. 

Near-surface conditions of the upper 10 to 15 feet as observed in detail via GP cores appear highly 

variable.  Shallow layers likely represent imported or native grade fills anticipated to vary locally within 

the site.  Deposits of silt and sand with abundant organic detritus were also encountered commonly.  

These horizons may represent near-shore organic-rich deposits, buried soil-slash cuttings, reworked 

native materials from on-site development or off-site sources, or a combination thereof. 

3.3 SOIL CONDITIONS 

A general characterization of on-site soil units interpreted from CPT explorations and observed within 

the upper 15 feet during GP borings is presented below.  The exploration logs in Appendix C and D 

present details of soils encountered at each exploration location. 

The on-site soils are generally characterized as follows: 

 

 



Geddes Marina Redevelopment, Marysville, Washington  Materials Testing & Consulting, Inc. 
March 23, 2015  Project No.: 14B037-01 
  

6 

 Uncontrolled Fills and Deleterious Deposits (GP, SP, SM, ML, OL, Wood) – Surface to 12 

feet BPG: 

Uncontrolled fill or disturbed soils and underlying deleterious soils and organic remains were 

encountered at all GP borings extending from the surface to typically 10 to 12 feet BPG, and 

locally to the maximum GP depth of 15 feet BPG.  Thickest locations were documented at GM-1 

and GM-3, at the northeastern most portion of the site.  Locations among the north-central area 

(GM-2, GM-4, and GM-10) reached apparent alluvial soils by approximately 10 to 13 feet BPG.  

Explorations along the southern fringe of the study area in the middle portion of the site (GM-5, 

GM-6, and GM-9) contacted apparent alluvial soils in the range of approximately 7 to 10 feet 

BPG.  The high degree of variation in these deposits is reflected on the attached GP logs, which 

have not been simplified and thus record detailed field notes from continuous core observations 

for illustrative purposes. 

Fill soils generally consist of a thin layer of topsoil with vegetation to approximately 0.5 to 1.0 

feet BPG at all GP borings observed except GM-3, GM-4, and GM-5.  GM-3 and GM-5 had 

approximately 0.5 to 1.0 feet of asphalt overlying crushed gravel base course and a relic concrete 

slab with leveling crushed aggregate extending to depths between 1.25 and 2.25 feet BPG.  GM-

4 displayed a thick silt layer topping a layer of crushed gravel approximately 1.0 feet thick.  All 

three locations encountered a thin layer of relic asphalt in the range of 3 to 4 feet BPG.  Beneath, 

soils varied typically on the 6-inch to 1-foot scale, composed of apparent coarse-grained fills and 

native grade fills intermixed with common organics consisting of wood debris and occasional 

layers of abundant organic deposits.  Organic content ranged from large woody branches to 

wood chips and sawdust, appearing to be of non-native origin in the upper deposits. 

With depth, soils became increasingly fine-grained and composed of organic-rich clays, silts and 

silty sands.  Some layers may represent disturbed or redeposited native organic soils intermixed 

with wood detritus.  With depth, the organic layers typically become more consistent with 

evidence of carbonized material and rhythmic lensing suggesting native deposits of estuarine 

origin. 

 Upper Alluvial Deposits (SP, SM, SM-ML) – 12 to 85 feet BPG:   

Soils consisting of sand, silty sand, and silty sand to sandy silt of generally loose becoming 

medium dense or stiff consistency were encountered at both Cone Penetrometer Tests (CPT) 

exploration locations.  The deposits were composed primarily of thickly bedded sands with 

interbedded silty sand horizons of 1 to 3 foot thickness.  Less commonly, silt-rich interbeds 

occurred for 1 to 2 feet.  Correlated SPT data indicates soils are loose to medium dense to 

approximately 15 to 17 feet BPG, becoming consistently medium dense below with lenses of 

dense sand.  While no visual observations were made of the unit characteristics at depths greater 
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than 15 feet BPG, interpretation of soil type and consistency is based upon the soil behavior type 

using data from the UBC-1873 during CPT probes to 100 feet BPG in the vicinity of GM-4 and 

GM-10.  CPT logs indicate these deposits begin at approximately 11 to 12 feet BPG. 

Apparent alluvial soils were encountered by end depth at a majority of GP explorations 

conducted among the north-central and central areas of the site.  Observed in GP cores, deposits 

generally consisted of sands, silty sands, and silts interbedded on the 1 to 3 foot scale, consistent 

with CPT interpretations.  Visually estimated consistencies ranged from loose to firm or medium 

dense.  Some organic detritus was entrained within soils and locally occurring in concentrated 

thin lenses.  At GM-6, larger cedar debris was encountered near end depth. 

 Lower Alluvial Deposits (SM, SP-SM, ML) – 85 to 100 feet BPG or greater:   

CPT results indicate alluvial deposits differ past 85 to 90 feet BPG from those above.  Soils 

become predominantly silty with thin silty sand interbeds.  Soil strength ranges from medium 

stiff to stiff in the silts, and medium dense in the sands.  CPT instrumentation measured elevated 

pore pressures during advancement in this depth range, suggesting some clay content and 

cohesive conditions are present locally.  This unit extended to end depth of 100 feet BPG. 

3.4 SURFACE WATER AND GROUNDWATER CONDITIONS 

Aside from the existing marina footprint, no surface water features were observed within the site during 

the current site explorations conducted in the late winter season.  Site topography is generally near sea 

level, and an approximately 1.5-acre open marina is located in the center of the subject parcel, with high 

waters estimated as 5.0 to 7.0 feet below existing grade of the adjacent site upland.  In all observed GP 

borings, water was present during the time of drilling.  Water conditions were higher in the borings 

furthest away from the marina, generally ranging from 0.8 feet in GM-5 at the east boundary to 4.95 feet 

in GM-1 at the north end of the property.  Borings located around the perimeter of the marina (GM-6, 

GM-9 and GM-10) had recorded water levels at 7.95, 6.02 and 6.01 feet BPG, respectively.  Based on 

regional conditions at the time of the December and February explorations, these conditions are 

interpreted to represent typical but not necessarily peak winter levels.  The open water of the marina 

appears to have an effect on landward water levels at test locations in proximity, while locations further 

away at the edges of the site may be more affected by seasonal fluctuations and the presence or absence 

of restrictive horizons in the complex shallow stratigraphy. 

Soil mottling was observed in some locations within a few feet of native grade.  With generally high 

groundwater levels and heavy organics within the sampling matrices, soil mottling was observed below 

2.0 feet BPG.  Mottled soils and low-chroma colors are indicative of a high seasonal water table and/or 

soil wetting and drying cycles.  MTC’s scope of investigation did not include observation and 

monitoring of seasonal variations or conclusive measurement of groundwater elevations at the time of 

exploration.  Water levels noted above should be considered close approximations.  Given the time of 
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this investigation in the late winter, it is interpreted that measured groundwater levels represent a 

general, but not absolute wet-season condition.  Actual groundwater conditions can vary locally as a 

consequence of complex shallow stratigraphy, especially in the winter months.  It is important to note 

that past development of the property and adjacent sites, including stripping and drainage improvements 

in the vicinity, may have altered winter groundwater patterns or lowered seasonal levels since mottling 

was established. 

Due to the close proximity of Ebey Slough and the Snohomish River system, water table levels may 

remain broadly consistent throughout the year.  Groundwater may perch locally within the upper 

column, especially in areas near the north and east boundaries of the property where ground 

improvements, relic impermeable surfaces and fine-grained soils are present.  Seepage from perched 

water horizons or confined coarse lenses at shallow levels should be anticipated in the wet season.  Field 

observations suggest that the groundwater table will likely be encountered in excavations at the project 

site beginning around 6.0 feet BPG in areas adjacent to the marina.  If earthwork occurs in the wet 

season, general wet conditions and free water should be anticipated to begin as shallow as 0.5 to 1.0 feet 

BPG. 
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4.0 GEOTECHNICAL ANALYSIS 

This section addressed the results of site-specific geotechnical analysis and review of available relevant 

geologic data.  In the current phase of study, this has included:  1) Determination of Seismic Design 

Parameters, and 2) Liquefaction analysis.  The results described below form the basis for the 

geotechnical feasibility discussion and preliminary recommendations presented in Section 5.0. 

4.1 SEISMIC DESIGN AND ACCELERATION PARAMETERS 

According to the Washington State Department of Natural Resources Site Class Map of Snohomish 

County, Washington (Palmer et al., 2004), the site location is mapped as Seismic Site Class D to E, 

representing a relatively moderate to high potential for increased amplitude of ground shaking during a 

seismic event based on generalized soil conditions.  Areas to the west and southwest along the shoreline 

of Port Gardner Bay are mapped as Site Class E and F.  The Marysville valley north of the site is 

broadly mapped as Site Class D, which extends to the site location.  For determination of site-specific 

seismic design parameters, the consistency of actual soil conditions encountered at the site was 

evaluated.  Average soils in the upper 100 feet are considered.  Assuming site design and preparation 

methods are employed to address the issues discussed herein, including mitigation of liquefaction 

susceptibility and surface fills, soils to 100 feet depth are on average medium dense to dense or stiff. 

The USGS Seismic Design Map Tool was used to determine site coefficients and spectral response 

accelerations for the project site assuming design Site Class D, representing a generally dense or stiff 

soil profile. 

Table 2.  Seismic Design Parameters – Site Class D 

Mapped Acceleration Parameters (MCE horizontal) 
SS 1.165 g 
S1 0.450 g 

Site Coefficient Values 
Fa 1.034 
Fv 1.550 

Calculated Peak SRA 
SMS 1.204 g 
SM1 0.698 g 

Design Peak SRA (2/3 of peak)  
SDS 0.803 g 
SD1 0.465 g 

Seismic Design Category – Short Period (0.2 Second) Acceleration D 
Seismic Design Category – 1-Second Period Acceleration D 

 

Chapter 20 of ASCE 7-10, Section 20.3.1, indicates that sites deemed susceptible to liquefaction shall be 

treated as Site Class F and a site response analysis shall be performed specific to the proposed 

improvements.  Liquefaction potential is addressed in the section below.  The above seismic parameters 
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shall be considered for preliminary design purposes only, until the actual scope of proposed 

development is known and mitigating measures are taken into consideration.  In some cases, liquefaction 

susceptibility can be reduced to an acceptable design range via installation of ground improvements such 

as stone columns, rammed aggregate piers, or surcharge loading.  This type of improvement effectively 

densifies the subsurface and can contribute a positive net effect to site class designation.  In the event 

that such improvements are determined successful in adequately mitigating liquefaction potential, and 

are incorporated into site construction, Seismic Site Class D appears appropriate.  If another method of 

building design is selected to address liquefaction susceptibility, such as a pile or mat foundation, MTC 

recommends that we be contacted for further consultation and analysis as needed to assist in determining 

seismic site class and design parameters appropriate for the chosen improvements. 

4.2 LIQUEFACTION SUSCEPTIBILITY AND SETTLEMENT POTENTIAL 

According to the Liquefaction Susceptibility Map of Snohomish County, Washington (Palmer et al., 

2004), the site is identified as having a moderate to high liquefaction susceptibility.  This is generally 

consistent with the findings of MTC’s investigation to date.  The site is underlain by an alluvial 

deposition stratigraphy primarily composed of loose to medium dense sand and silty sand, with 

groundwater beginning at 5 to 7 feet depth.  Liquefaction is a phenomenon associated with a subsurface 

profile of relatively loose, cohesionless soils saturated by groundwater.  Under seismic shaking the pore 

pressure can exceed the soil’s shear resistance and the soil ‘liquefies’, which may result in excessive 

settlements that are damaging to structures and disruptive to exterior improvements. 

MTC performed analysis of site liquefaction potential and resulting ground subsidence from available 

site exploration data collected via the limited explorations conducted in the current project phase.  CPT 

data are widely considered desirable for liquefaction analysis due to the continuous resolution of 

stratigraphy as well as the logging of various soil and driving parameters correlative with traditional 

borehole SPT data.  For this feasibility-level study, CPT results were used independently without 

correlation to direct soil sampling and geotechnical blow-count data gathered from hollow-stem auger 

drilling and SPT sampling methods.  It is possible that results will change or be refined based on 

additional data, or that analyses using solely CPT data present one viewpoint. 

Analysis was completed using LiquefyPro, Version 5.8h, published by CivilTech Software©.  

LiquefyPro performs liquefaction analysis in accordance with the latest National Center for Earthquake 

Engineering Research (NCEER) Workshop recommended procedures and provides several options for 

the treatment of data inputs.  CPT profiles were analyzed according to the Modified Robertson method 

which includes fines correction from CPT data.  Settlement estimates were obtained after Ishihara and 

Yoshimine (1987).  A 7.0 magnitude earthquake was applied for all analyses.  Calculations were 

completed for maximum considered earthquake peak ground acceleration (0.485g) in accordance with 

ASCE 7-10 guidelines.  To most accurately reflect liquefaction risk of existing conditions, no factor of 
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safety was applied in the analyses.  Final analysis should be conducted which takes into account 

proposed building design and any relevant ground improvements, as well as appropriate factor of safety.  

For complete graphical results, refer to Appendix E. 

For initial calculations, both profiles were analyzed to assess site variability and substantiate data.  

Results were similar between CPT locations.  The CPT-2 profile (Figure 7) yielded a marginally higher 

value; however data recovery failure at that location from approximately 63 to 66 feet BPG appears to 

affect the results by roughly the same degree.  Therefore the results are considered broadly equivalent, 

and CPT-1 data was utilized for further calculations. 

Soil column settlements of approximately 9.1 inches were tabulated using CPT-1 data, representing 

existing conditions with no ground improvements or surcharge loading from building pad preparations 

under maximum considered earthquake peak ground acceleration.  This analysis is based on 

liquefaction-induced settlement in the upper 100 feet of the profile, to maximum depths explored.  For 

purposes of assessing a conservative scenario of liquefaction potential, the relatively fine-grained silty 

members of the stratigraphy were not prohibited from liquefying.  Table 3 summarizes the results of 

MTC’s liquefaction analysis represented graphically in Appendix E, Figures 6 to 9. 

Table 3.  Summary of Liquefaction-induced Settlement Estimates (in inches) 

ANALYSIS SCENARIO Liquefaction-induced Settlement 

Peak Ground Acceleration PGA-max = 0.485 

CPT-1 – Existing Conditions 9.1 

CPT-2 – Existing Conditions 9.8 

CPT-1 – Surcharge (5-foot fill equivalent) 4.2 

CPT-1 – Surcharge (10-foot fill equivalent) 2.5 

 

Post-development liquefaction potential may be reduced as an effect of increased overburden pressures 

transferred from development features including blanket addition of fill soils as well as building loads if 

applied uniformly (such as with a structural mat foundation).  In a preliminary attempt to demonstrate 

potential effects of surface development on liquefaction potential for discussion purposes, a hypothetical 

surcharge analysis was performed to simulate additional vertical loading at multiple degrees.  

LiquefyPro allows for assigning surface overburden fill thickness and density overtop of existing grade.  

For overburdens of 5 and 10 feet thickness at a bulk unit weight of 125 pounds per cubic foot, pressures 

at the existing surface equate to 625 and 1250 pounds per square foot respectively.  Under these surface 

surcharges, potential settlements calculated via LiquefyPro are reduced to 4.2 and 2.5 inches. 
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5.0 FEASIBILITY DISCUSSION & RECOMMENDATIONS 

MTC has prepared the following discussion and cursory-level recommendations for consideration by the 

client and their design team toward evaluation of site feasibility for the proposed development.  The 

discussion items and recommendations presented are based on MTC’s current understanding of general 

project scope and the client’s interest at this time, but should not be considered an exhaustive address of 

potential considerations for site development.  Additional work including further site exploration of 

building areas and geotechnical engineering analysis will be required to properly address specific 

geotechnical considerations as subsequent phases of project design are completed.  We recommend that 

MTC be allowed to review and comment as project plans develop and, as necessary, provide additional 

explorations, consultation and engineering services as deemed appropriate for the evolving project. 

5.1 FOUNDATION FEASIBILITY 

Two requirements must be fulfilled in foundation design.  First, loads must be less than the ultimate 

bearing capacity of foundation soils to maintain stability; and secondly, the differential settlement must 

not exceed an amount that will produce adverse behavior of the structure.  The allowable settlement is 

usually exceeded before bearing capacity considerations become important; thus, the allowable bearing 

pressure is normally controlled by settlement considerations.  Excess settlement due to adverse soil 

conditions may be a result of shallow or deep soils, static or dynamic factors, or a combination thereof. 

5.1.1 Shallow Considerations 

Explorations to date have shown on average the upper approximately 12 feet of the site subsurface to 

consist of various uncontrolled fills, organic soils, debris and deleterious matter unsuitable for direct 

building support.  Uncontrolled fills and native grade fills of non-structural quality are generally not 

suitable for direct bearing of building foundations because of the inherent variability and high risk of 

differential settlement when placed under load.  Organic soils and soils containing abundant plant and 

wood matter are highly susceptible to settlement via consolidation as well as decomposition over time, 

and are generally unsuitable beneath building areas.  Thus, large-scale excavation of the building area 

may be required for either basement-level construction or removal of deleterious fills and backfill with 

imported structural fill, depending on other site improvement methods and foundation styles selected.  

As discussed in Section 5.2.1, excavations of this scale will most likely exceed depth to groundwater, 

even if work is completed in the summer months.  Major dewatering efforts, lining of excavations, 

engineered shoring, and selective use of suitable backfill materials are anticipated to be involved.   

MTC understands a subsurface parking garage or basement level is preliminarily considered.  

Undisturbed alluvial soils at depth, or a fill pad installed over suitably firm alluvial soils, may be eligible 

for support of relatively lighter loads from a shallow bearing perspective.  The explorations conducted to 

date did not include direct testing of in-situ soil strength, but CPT provides correlative SPT data 
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suggesting upper native soils are in the lower range of stiff or medium dense.  If a contribution of 

support from these soils is proposed, building locations should be further explored with equipment 

capable of directly sampling and confirming soil consistency at proposed depth. 

Consideration of shallow bearing contribution, however, is further complicated by deep settlement 

concerns.  MTC’s liquefaction analysis has estimated the project site may be subject to potential 

seismic-induced settlements on the order of 9 inches based on existing vacant conditions, with equal or 

lesser settlement potential remaining after development surcharges are applied depending on building 

and site design.  The site’s liquefaction susceptibility is an effect of the combined occurrence of shallow 

groundwater and thick alluvial soils composed primarily of sand to silty sand of medium dense 

consistency.  Because of liquefaction potential, bearing suitability and settlement from shallow soils is 

considered a secondary risk and design factor compared to liquefaction-induced settlement.  In other 

words, a successful mitigation of liquefaction may also generally address shallow foundation suitability.   

5.1.2 Ground Improvements 

MTC recommends the client consider the option of proprietary ground improvement systems, possibly 

coupled with surcharge loading and raising of site grades, as a means of mitigating liquefaction potential 

at the site building area.  Typically ground improvements, such as described below, have the additional 

benefit of increasing the allowable bearing capacity of shallow soils which can facilitate shallow 

foundation construction in existing marginal situations. 

Ground improvement systems utilize variations of proprietary methods in order to improve bearing 

conditions and densify subsurface conditions both laterally and vertically.  Rammed aggregate piers 

(RAPs) and stone columns are popular ground improvement methods for this region involving 

placement or injection of dense aggregate into the subsurface.  RAPs are typically placed using a hollow 

mandrel, which transports the aggregate from a hopper to the desired depth.  The mandrel is retracted 

about every foot to allow for aggregate placement, then vibrated to compact the material.  This process 

proceeds upward until reaching the surface, resulting in a bulging rock pier resembling a pile.  Stone 

column installation is broadly similar to RAPs.  The aggregate is placed using a mandrel and hopper, 

except densification is performed using air pressure.  Air-pressure method is considered effective for 

both vertical compaction as well as lateral injection of rock fill into soft or loose soil horizons at depth.  

Comparatively, stone columns tend to provide more of a physical mixing and densification with the 

surrounding native materials whereas RAPs densify to some extent while also functioning more 

similarly to traditional piles.  Maximum depth range for both of these systems is typically around 50 

feet, although entry into a prepared excavation zone may permit increasing effective installation depth.   

If ground improvements are considered an option for site development, MTC recommends contacting 

ground improvement design-build specialty contractors to preliminarily discuss liquefaction mitigation 
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strategies.  The contractor should reassess liquefaction settlement in light of the benefits of their 

proprietary system and the results presented herein.  MTC may be contacted for additional information 

or clarifications to be provided at consent of the client. 

5.1.3 Pile Foundation Option 

A pile foundation may be a feasible option in addressing the risk of liquefaction settlement for building 

construction.  Engineering analysis toward assessing the feasibility and design of pile foundation 

elements is beyond the scope of this phase of study.  For the purpose of general discussion, MTC 

anticipates piles may need to extend to 60 to70 feet BPG or greater to be founded in suitably dense 

bearing sands while surpassing the extent of most identified liquefiable soils to eliminate the need for 

other deep ground improvements.  Commonly, pile systems are considered the more expensive option 

for liquefaction mitigation compared to stone columns or RAPs.  However in this case, piles may be a 

more economically viable alternative when accounting for associated site improvements.  For instance, 

if the project elects to construct at or near existing grade due to the difficulties and costs involved with 

mass excavation and related dewatering, a pile system may be designed to provide foundation support 

extending through existing uncontrolled and deleterious fill soils.  Comparatively, ground improvements 

may still require removal and replacement of deleterious soils, or may call for an increased array density 

or alternative methods such as sheathing to account for the unsuitable conditions.  If piles are of interest, 

MTC may be contacted to provide additional engineering analysis and geotechnical consultation towards 

assessing the relative feasibility of deep foundations.  The below discussion is provided solely for the 

client’s general consideration of pile options, and does not constitute an endorsement or 

recommendation of a specific type of pile or dismissal of options not presented. 

Driven piles are typically useful in soil profiles composed primarily of cohesive materials, or in cases 

where an obvious ‘floor’ exists for end bearing below loose or soft conditions.  Driven piles gain a 

secondary skin friction capacity from cohesive soils as water pore pressure equilibrates after the pile is 

driven (known as pile setup).  In the case of the granular soil profile at the site, driven piles may be 

effective at achieving design capacity by target depth.  However, driven piles, if designed for the loads 

needed near the surface, may encounter early refusal or difficult driving conditions in intermediate zones 

of higher density sands, such as exist at this site.  Also, setup due to skin friction in the site’s primarily 

granular soils is not expected to be a significant factor.  The design would, therefore, rely almost totally 

on end-bearing with a smaller contribution of granular friction for the length of the pile. 

Cast-in-place (CIP) piles, installed by auguring methods to reach desired depth, can achieve pre-

determined bearing stratum.  Grout is applied centrally through the augur as it is retracted.  Installation 

and cost of CIP piles may be significantly affected by the saturated sandy profile.  Theoretically, if 

grouting is performed during augur retraction, it may be sufficient to avoid caving, however as a 

precautionary measure casing may be required in order to counteract flowing sand situations. 
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Costs per pile type can vary based on required depths and the materials and equipment necessary to 

successfully install them.  Since larger sizes of driven piles often require hammer and crane assemblies, 

these are anticipated to be of relatively higher cost compared to ground improvement methods for some 

design scenarios.  For concerns of potential early refusal on intermediate dense sands, a large enough 

pile and hammer system can be utilized to overcome resistance and achieve desired bearing depth.  

Although, this may ultimately result in piles that have a greater capacity than is required at the surface 

and an increase in cost.  CIP piles may pose the need for casing or other specialized installation, which 

can also drive cost higher than typical.  Schedule can also be affected most detrimentally by CIP 

installation, as it is generally not a fast method.  Cost and time efficiency of driven piles or ground 

improvement methods may be more attractive comparatively. 

5.2 SITE PREPARATIONS DISCUSSION 

Site preparation design and construction methods are anticipated to be heavily affected by the existing 

fill soils present from the surface at all locations explored, the character of which was highly variable 

between test locations.  The below discussion addresses general concerns anticipated to be relevant to 

project planning at this time. 

5.2.1 Excavations and Dewatering 

Excavations can generally be performed with conventional earthmoving equipment such as bulldozers, 

scrapers, and excavators.  Larger excavators may be needed to efficiently mitigate existing debris fill if 

present to a greater size and quantity than encountered to date. 

As discussed above for foundation feasibility, existing soils containing highly organic and deleterious 

materials are considered generally unsuitable to remain below building footprints unless a pile 

foundation is utilized to support at-grade construction.  Underground parking or basement level 

construction will necessitate mass excavation of the building footprint.  Use of a ground improvement 

system for liquefaction mitigation may also require excavation removal of unsuitable materials and 

backfilling with structural fill to proposed foundation grade, unless specialized methods are employed to 

allow for installation and structural support through organic and deleterious conditions. 

Excavations of this scale will most likely exceed depth to groundwater, even if work is completed in the 

summer months.  Major dewatering efforts, lining of excavations, engineered shoring, and selective use 

of suitable backfill materials are anticipated to be involved.  Dewatering efforts may also be necessary 

for utility trenches, depending on total excavation depth, season of construction, and weather conditions 

during earthwork.  MTC recommends major earthwork activities take place during the dry season if 

possible to minimize the potential for encountering perched groundwater at shallow depth, and to reduce 

the burden of dewatering due to temporary storm conditions.  Some amount of water seepage from 

shallow sources or perched lenses may be unavoidable year-round.  We recommend that if large-scale 
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excavations are proposed, a groundwater level monitoring program should be conducted prior to 

commencing construction to fully assess seasonal fluctuations. 

5.2.2 Exterior Surface Improvements 

MTC anticipates structural exterior improvements may include access road and parking pavements, 

walls or barriers, large sign foundations and other free-standing non-occupied structures.  We 

recommend bearing and foundation suitability be evaluated on a case-by-case basis for the type and 

location of structure proposed.  Additional site investigation of proposed improvement locations should 

be conducted to verify conditions and design or modify foundations as needed. 

In areas where uncontrolled fills are thick but consistently firm and free of deleterious materials, the 

soils may be suitable to remain beneath light exterior loads such as walkway pavements and exterior 

slab-on-grade constructions but not beneath building foundations.  Design of structural base materials 

and thicknesses must be modified accordingly to account for the marginal subgrade suitability of 

remaining fills.  In addition, confirmation of subgrade suitability prior to and during construction will be 

integral.  Some amount of overexcavation and backfill with structural fill materials should be 

anticipated, either accounted for in design or performed as needed during construction. 

Foundations for large signs, awnings, and free-standing exterior covers or shelters will likely call for 

installing column supports which extend through the fill section to bear on underlying suitably firm 

alluvial strata encountered on average by 10 to 12 feet BPG, but as deep as 14 to 15 feet BPG. 

Road and parking pavement sections should be specifically designed for the site conditions along the 

proposed alignment.  A more economical section will be achievable if a greater-than-normal regularity 

of repairs is acceptable resulting from settlement in underlying uncontrolled fills and unsuitable soils.  

For a more durable pavement installation, we anticipate excavation and replacement of existing fill soils 

with structural fill to a thickness of multiple feet or greater as well as use of a geotextile ground 

stabilization product, the actual extent of which depends on local subgrade conditions.   

5.2.3 Site Materials  

All material placed below structures or pavement areas should be considered structural fill.  In addition 

to standard practices and project material specifications, structural fill shall be free of deleterious 

material, have a maximum particle size of 6 inches, and be compactable to the required compaction 

level.  Excavated uncontrolled fills, debris, organic soils, and soils with deleterious materials are not 

suitable for re-use as structural fill.  Organic-rich soils stockpiled during site preparations may be 

suitable or amended for reuse as top-dressing landscape fill to promote vegetative growth.  

Historic coarse-grained fills resembling pit run may not be present to an amount suitable for planned re-

use.  However, if such soils are carefully excavated and stockpiled while limiting cross-contamination 
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and degredation, these materials may be eligible for re-use as structural fill provided the materials are 

confirmed prior to placement, properly moisture-conditioned and reinstalled in accordance with industry 

standards and project requirements for placement and compaction of structural materials.  During warm, 

dry weather, it will likely be necessary to add water to these soils after residing in stockpiles.  The 

condition and suitability of stockpiled on-site materials should be verified prior to reuse as structural fill. 

5.2.4 Wet Weather Construction Considerations 

Uncontrolled fills near the site surface are generally moisture sensitive and will become soft and 

difficult to traverse with construction equipment when wet.  Since on-site soils will be difficult to work 

with during periods of wet weather, and frozen soil is not suitable for use as structural fill, near-surface 

earthwork activities should generally take place in late spring, summer or early fall.  In addition, late 

summer may be the most preferable time for construction involving building excavations and deep 

utility trenching, corresponding to the period of generally lowest perched water and groundwater 

occurrences.  Although as discussed above, major dewatering efforts and specialized shoring methods 

are anticipated to be required for deep excavations throughout the year. 

5.3 ON-SITE STORMWATER DISPOSAL FEASIBILITY 

Shallow soil conditions consisting of highly variable uncontrolled fills, organic soils, and deleterious 

materials generally do not appear suitable for design of on-site infiltration of stormwater.  Infiltration 

and transmission capacity of fill soils is anticipated to be on average low or very low to nil, with lateral 

transmission within confined coarse-grained horizons being the primary means of infiltration.  As an 

additional constraint to stormwater infiltration design, evidence of perched water was encountered 

locally near the surface during our field explorations.  The groundwater table was reliably encountered 

by approximately 5 to 7 feet BPG, apparently related to water elevation in the marina.  It is possible that 

some practical infiltration value can be gained by employing shallow bioretention facilities (such as rain 

gardens) equipped with underdrains and overflow safeguards, or a similar style of feature intended 

primarily for on-site treatment and flow control but with the added benefit of an open base to allow for 

local infiltration to occur as possible.   

If exterior site development strategies and/or site environmental remediation activities call for removal 

of existing fills and replacement with imported material, this may allow for incorporation of engineered 

soils and stormwater control measures not feasible for current site conditions.  In this case, potential 

systems are expected to be restrained primarily by spatial allowance and shallow groundwater depth.  

Options may include permeable pavement, shallow bio-infiltration swales, subsurface storage and 

disposal beds, or a combination thereof. 
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6.0 LIMITATIONS 

Recommendations contained in this report are based on our understanding of the proposed development 
and construction activities, our field observations and exploration and our laboratory test results.  It is 
possible that soil and groundwater conditions could vary and differ between or beyond the points 
explored.  If soil or groundwater conditions are encountered during construction that vary or differ from 
those described herein, we should be notified immediately in order that a review may be made and 
supplemental recommendations provided.  If the scope of the proposed construction, including the 
proposed loads or structural locations, changes from that described in this report, our recommendations 
should also be reviewed.   
 
We have prepared this report in substantial accordance with the generally accepted geotechnical 
engineering practice as it exists in the site area at the time of our study.  No warranty, express or 
implied, is made.  The recommendations provided in this report are based on the assumption that an 
adequate program of tests and observations will be conducted by MTC during the construction phase in 
order to evaluate compliance with our recommendations.  Other standards or documents referenced in 
any given standard cited in this report, or otherwise relied upon by the author of this report, are only 
mentioned in the given standard; they are not incorporated into it or “included by referenced”, as that 
latter term is used relative to contracts or other matters of law. 
 
This report may be used only by City of Marysville and their design consultants and only for the 
purposes stated within a reasonable time from its issuance, but in no event later than 18 months from the 
date of the report.  Note that if another firm assumes Geotechnical Engineer of Record responsibilities 
they need to review this report and either concur with the findings, conclusions, and recommendations 
or provide alternate findings, conclusions and recommendation under the guidance of a professional 
engineer registered in the State of Washington.  The recommendations of this report are based on the 
assumption that the Geotechnical Engineer of Record has reviewed and agrees with the findings, 
conclusion and recommendations of this report. 
 
Land or facility use, on- and off-site conditions, regulations, or other factors may change over time, and 
additional work may be required with the passage of time.  Based on the intended use of the report, 
MTC may recommend that additional work be performed and that an updated report be issued.  Non-
compliance with any of these requirements by City of Marysville or anyone else will release MTC from 
any liability resulting from the use of this report by any unauthorized party and City of Marysville 
agrees to defend, indemnify, and hold harmless MTC from any claim or liability associated with such 
unauthorized use or non-compliance.  We recommend that MTC be given the opportunity to review the 
final project plans and specifications to evaluate if our recommendations have been properly interpreted.  
We assume no responsibility for misinterpretation of our recommendations. 
 
The scope of work for this subsurface exploration and geotechnical report did not include environmental 
assessments or evaluations regarding the presence or absence of wetlands or hazardous substances in the 
soil, surface water, or groundwater at this site. 
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Appendix A. SITE LOCATION & VICINITY 
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Appendix B. SITE MAP OF TEST LOCATIONS 

Title:  Proposed Sample Locations 
By:  Maul Foster Alongi     Date:  12/15/2014 
Modified by MTC:  03/10/15 
NOT INTENDED FOR CONSTRUCTION 

Materials Testing & Consulting, Inc. 
777 Chrysler Drive 

Burlington, WA 98233 

Proposed Development Map 
Geddes Marina Redevelopment 

1326 First Street  
Marysville, WA 

FIGURE 

2 
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Appendix C. CPT RESULTS 
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Appendix D. GEOPROBE EXPLORATION LOGS 
Exploration logs are shown in Appendix C, representing observations by MTC personnel collected 

during Geoprobe exploration activities in support of environmental sampling conducted by the client.  

Select representative explorations were monitored by our field geologist who examined and classified 

the materials encountered in accordance with the Unified Soil Classification System (USCS), and 

recorded pertinent information including soil depths and stratigraphy, observed soil engineering 

characteristics, inclusion of refuse and deleterious materials as encountered, and groundwater 

occurrence. 

Due to the nature of the site conditions, potential for environmental contamination, and exploration 

activities at the time of this study, the scope of work did not include sampling of soils for geotechnical 

laboratory analysis.  The classifications and resulting interpretations reported herein are based on MTC’s 

field classifications and best available information gathered during the explorations. 

The stratification lines shown on the individual logs represent the approximate boundaries between soil 

types; actual transitions may be either more gradual or more severe.  The conditions depicted are for the 

date and location indicated only, and it should not necessarily be expected that they are representative of 

conditions at other locations and times. 
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Major Divisions Graph USCS Typical Description 

Coarse 
Grained Soils 

 
 
 
 
 

More Than 50% 
Retained On 
No. 200 Sieve  

 
Gravel 

 
More Than 
50% of 
Coarse Frac-
tion Retained 
On No. 4 
Sieve 

Clean Gravels 

 GW Well-graded Gravels, Gravel-Sand Mix-
tures 

 GP Poorly-Graded Gravels, Gravel-Sand 
Mixtures 

Gravels With Fines 

 GM Silty Gravels, Gravel-Sand-Silt Mixtures 

 GC Clayey Gravels, Gravel-Sand-Clay Mix-
tures 

 
Sand 

 
More Than 
50% of 
Coarse Frac-
tion Passing 
No. 4 Sieve 

Clean Sands 

 SW Well-graded Sands, Gravelly Sands 

 SP Poorly-Graded Sands,  Gravelly Sands 

Sands With Fines 

 SM Silty Sands, Sand-Silt Mixtures 

 SC Clayey Sands, Clay Mixtures 

Fine Grained 
Soils 

 
 
 

More Than 50% 
Passing The 
No. 200 Sieve 

 
 
 

Silts & Clays Liquid Limit Less 
Than 50 

 ML Inorganic Silts, rock Flour, Clayey Silts 
With Low Plasticity 

 CL Inorganic Clays of Low To Medium 
Plasticity 

 OL Organic Silts and Organic Silty Clays of 
Low Plasticity 

 
 
 

Silts & Clays 

 MH Inorganic Silts of Moderate Plasticity 

 CH Inorganic Clays of High Plasticity 

 OH Organic Clays And Silts of Medium to 
High Plasticity 

Highly Organic Soils   PT Peat, Humus, Soils with Predominantly  
Organic Content 

Liquid Limit 
Greater Than 50 

Unified Soil Classification System Chart 

Stratigraphic Contact 

Distinct Stratigraphic Contact 
Between Soil Strata 

Gradual Change Between Soil 
Strata 

Approximate location of  
stratagraphic change 

Modifiers 
Description 

Trace 

Some 

% 

>5 

5-12 

With >12 

DESCRIPTION  SIEVE 
SIZE 

GRAIN SIZE APPROXIMATE SIZE 

Boulders  > 12” > 12” Larger than a basketball 

Cobbles  3 - 12” 3 - 12” Fist to basketball 

Gravel 
Coarse 3/4 - 3” 3/4 - 3” Thumb to fist 

Fine #4 - 3/4” 0.19 - 0.75” Pea to thumb 

Coarse #10 - #4 0.079 - 0.19” Rock salt to pea 

Medium #40 - #10 0.017 - 0.079” Sugar to rock salt 

Fine #200 - #40 0.0029 - 0.017” Flour to Sugar 

Fines 
Passing 
#200 

< 0.0029” Flour and smaller 

Sand 

Grain Size 
Granular Soils  Fine-grained Soils  

Density SPT  
Blowcount 

Consistency SPT 
Blowcount 

Very Loose 0-4 Very Soft 0-2 

Loose 4-10 Soft 2-4 

Medium 
Dense 

10-30 Firm 4-8 

Dense 30-50 Stiff 8-15 

Very Dense > 50 Very Stiff 15-30 

  Hard > 30 

Soil Consistency 

Groundwater observed at time of 
exploration 

Measured groundwater level in 
exploration, well, or piezometer 

Perched water observed at time 
of exploration 

California (3.0” O.D.) 

Standard Penetration Test (SPT) 

Shelby Tube 

Grab or Bulk 

Modified California (2.5” O.D.) 

Sampler Symbol Description

Materials Testing & Consulting, Inc. 
777 Chrysler Drive 

Burlington, WA 98233 

Exploration Log Key 
Geddes Marina Redevelopment 

1326 First Street  
Marysville, WA 

FIGURE 

5 
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Materials Testing & Consulting, Inc.
Burlington, WA

Geotechnical & Environmental Engineering

MTC Project No. 14B037-01

Marysville, WA
Former Geddes Marina Property

Log of Boring GM-1

Date Started : 02/03/2015

Date Completed : 02/03/2015

Sampling Method : Geoprobe, Continuous

Location : GM-1

Logged By : MH
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SILTY SAND with organics, loose, moist, grass and roots. BROWN
TOPSOIL/SUBSOIL

SILTY SAND with angular gravel and carbonized wood throughout, dense moist. LIGHT BROWN becoming 
DARK BROWN

GRAVEL hard, moist. DARK GRAY

SILTY SAND with angular gravell, wood debris present in lower 0.2 feet.dense, moist. LIGHT BROWN 
becoming DARK BROWN

GRAVEL with sand,  crushed gravel, dense, moist.  GRAY

SILT with some fine-grained SAND, common organics and wood debris throughout, firm, moist. DARK BROWN.

SILT with wood chips/sawdust and some to trace gravel, firm, very moist to wet. DARK BROWN

SILTY SAND with angular gravel, carbonized wood debris in lower 0.1', firmly packed, moist.  DARK BROWN
SILT and large wood debris, firm, moist. Large wood debris is fibrous and carbonized. BLUE-GRAY

SILT with wood debris, firm, moist to wet. Predominantly silt in upper 0.2 feet, grading to sawdust and wood 
chips with depth. GREY-BROWN

SILTY SAND with wood debris, firm, very wet. BROWN

SILT with wood debris, firm, very wet. GRAY
SAWDUST with SILT, some sand, trace gravel, firm, very wet. BROWN

SAND with some SILT, well packed, very wet. BROWN

SILT with heavy wood debris, Wood debris includes sawdust and some carbonized wood in lower 0.2 feet, 
well packed, very wet. BROWN

Raw wood,very moist to wet. Stick lodged in core upon recovery.

TD 15.0'    Boring terminated at contracted depth.
                 No refusal or hard conditions encountered.
                 Groundwater at 4.95' BPG.
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Materials Testing & Consulting, Inc.
Burlington, WA

Geotechnical & Environmental Engineering

MTC Project No. 14B037-01

Marysville, WA
Former Geddes Marina Property

Log of Boring GM-2

Date Started : 02/03/2015

Date Completed : 02/03/2015

Sampling Method : Geoprobe, Continuous

Location : GM-2

Logged By : MH
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SILTY SAND with organics consisting of grass and roots, loose, moist. MEDIUM to DARK BROWN
 TOPSOIL/SUBSOIL

GRAVEL with sand, crushed angular clasts, dense, dry.  GRAY

SANDY SILT, orange mottling and common organics throughout, medium dense, moist.  LIGHT BROWN
SAND with some silt, orange mottling and common orgaincs throughout, loose, moist, fine grained. 
BROWN-GRAY

WOOD DEBRIS with silt, black carbonized deposits at upper contact. loose, moist.  BROWN-GRAY
SILT with some fine-grained sand,firm, moist. BLUE-GRAY

HEAVY ORGANICS in silt matrix, firm, very moist. DARK BROWN to BLACK
SAND,medium grained, loose, very moist.  BROWN

SILT with rhythmic heavy wood lenses, very loose, very wet. BROWN

GRAVEL, angular, medium dense, wet. GRAY
SILT with wood debris, very loose, moist to wet. BLUE-GRAY

GRAVEL with sand,  angular gravel clasts, very loose, wet. BLUE-BROWN-GRAY
SAND with silt, predominantly medium sand, loose, very wet. BROWN

SILT with heavy wood debris, rhythmic carbonized wood lenses,  firm, very moist. GRAY becoming 
BROWN-GRAY
SILT with wood debris in matrix, firm, very wet. BROWN

WOOD DEBRIS with SILT, heavy wood in matrix to 9 feet, carbonized wood in matrix to 9.3 feet, fresh wood to 
9.5, firm, very moist. BROWN

SAND, some to trace gravel,  Medium to fine grained sand, well packed, heavy organics in matrix, firm, very 
moist.  DARK GRAY

SAND, medium sand grading to coarse sand at lower contact, loose, very moist. BROWN-GRAY
GRAVEL, angular clasts, loose, very moist.  BROWN-GRAY

SAND with trace gravel and wood debris, predominantly medium to coarse sand with gravel in matrix, wood 
lenses present in 3-4 inch intervals, firm, very moist.. GRAY

SILTY SAND, well packed silty sand with rhythmic lenses of medium sand, firm, very moist. LIGHT BROWN
SILT with some sand, fine grained sand, orange mottling throughtout, firm, moist.  LIGHT BROWN

TD 15.0'    Boring terminated at contracted depth.
                 No refusal or hard conditions encountered.
                 Groundwater at 1.47' BPG.
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Materials Testing & Consulting, Inc.
Burlington, WA

Geotechnical & Environmental Engineering

MTC Project No. 14B037-01

Marysville, WA
Former Geddes Marina Property

Log of Boring GM-3

Date Started : 02/02/2015

Date Completed : 02/02/2015

Sampling Method : Geoprobe, Continuous

Location : GM-3

Logged By : MH
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 ASPHALT

GRAVEL with sand and some silt, medium dense, moist.  GRAY

 CONCRETE SLAB = 4" THICK
WOOD DEBRIS and decomposing wood litter, loose, moist.  BROWN

 ASPHALT, loose

GRAVEL  with silt, loose, dry.  GRAY
SAND with gravel and silt, crushed asphalt in matrix, firm, dry. DARK BROWN

SILT,firm, moist. BROWN
WOOD CHIPS in silt matrix, clean wood chips at upper contact, wood content lessens with depth, firm, moist.  
RED-BROWN

SILT with some sand, white granular deposits in matrix of unknown origin, loose, moist. . DARK BROWN
HEAVY ORGANICS, decomposing sod and wood chips. loose, moist.

GRAVEL with sand and silt, loose, very moist to wet. GRAY

GRAVEL with silt and sand, heavy wood debris and organics in matrix, loose, very moist. . GRAY-BROWN
SILT, wood fibers in matrix and rhythmic wood lenses, firm, moist. BROWN

HEAVY ORGANICS, wood chips and sawdust increasing with depth, loose, moist. BROWN

Carbonized Wood for 4"

GRAVEL with sand and silt, firm, very moist. GRAY-BROWN

HEAVY ORGANICS, wood debris and sawdust,  loose, moist. RED-BROWN

SAND, medium to fine grained sand, clean, firm, very moist.  GRAY
HEAVY ORGANICS with silt, wood chunks up to 2", loose, very moist. ORANGE-BROWN

SAND with some silt and trace gravel and sawdust, predominantly fine grained sand grading to medium sand at 
lower contact. Sawdust at  14.2 ft to lower contact, firm, very moist. . GRAY

T.D. 15.0'    Boring terminated at contracted depth.
                   No refusal or hard conditions encountered.
                   Groundwater at 1.94' BPG.
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Materials Testing & Consulting, Inc.
Burlington, WA

Geotechnical & Environmental Engineering

MTC Project No. 14B037-01

Marysville, WA
Former Geddes Marina Property

Log of Boring GM-4

Date Started : 02/03/2015

Date Completed : 02/03/2015

Sampling Method : Geoprobe, Continuous

Location : GM-4

Logged By : MH
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SILT with some gravel, firm, moist.  BROWN

GRAVEL with silt, angular gravel clasts, medium dense, moist.  GRAY

ASPHALT, crushed aggregate in black oil matrix, loose.  BLACK

SILTY SAND with gravel, loose, dry to slightly moist. BROWN

SILTY SAND with gravel, firm, Dry to 4 feet, grading from moist to wet at lower contact. moist.  BROWN-GRAY
SAND with gravel, Predominantly medium to coarse sand, firm, very moist. GRAY

HEAVY ORGANICS, Decaying wood chips and sawdust, loose, very moist.  BROWN

SILT with some sand and organics, Wood chips and decaying organic material in matrix at lower contact, firm, 
very moist. BROWN

SAND with some gravel, Predominantly coarse grained sand, loose, very moist. . GRAY

HEAVY ORGANICS with silt, wood chips and sawdust with silt in matrix, loose, very moist.  BROWN
SILT with sand, Fine grained sand and increasing organics with depth, loose, very moist. . GRAY-BROWN

HEAVY ORGANICS with silt,  Wood chips and sawdust with silt in matrix, loose to firm, very wet. BROWN

HEAVY ORGANICS with silt,  Roots, wood chips and sawdust increasing with depth, Rhythmic lenses of wood 
chips and sawdust, organics disappear at 9.6 feet, loose, moist. BROWN

GRAVEL with refuse, Some wood chips and sawdust present, loose, very wet.  DARK BROWN

GRAVELLY SAND with some silt, wood chips within matrix, medium dense, very moist to wet.  BROWN
HEAVY ORGANICS with silt, sawdust with silt in matrix, tightly packed.medium dense, very wet.  DARK 
BROWN

SILT with sand, very loose, very wet. BROWN
SAND with sawdust, some silt and trace gravel, predominantly medium grained sand grading to coarse sand at 
13.1 feet, sawdust and wood chips present throughout, medium dense, very moist. GRAY

TD 15.0'    Boring terminated at contracted depth.
                 No refusal or hard conditions encountered.
                 Groundwater at 2.45' BPG.
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Materials Testing & Consulting, Inc.
Burlington, WA

Geotechnical & Environmental Engineering

MTC Project No. 14B037-01

Marysville, WA
Former Geddes Marina Property

Log of Boring GM-5

Date Started : 02/02/2015

Date Completed : 02/02/2015

Sampling Method : Geoprobe, Continuous

Location : GM-5

Logged By : MH
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ASPHALT. Crushed aggregate in black oil matrix. BLACK.
GRAVEL with sand and silt, crushed surfacing base course, firm, moist.  GRAY.

CONCRETE SLAB
GRAVEL with sand and silt, hard, dry. BROWN

GRAVELLY SAND with some silt, dense, moist. GRAY

SILTY SAND with trace gravel, firm, dry. BROWN

ASPHALT. BLACK
SANDY SILT with trace gravel, firm, moist to very wet at depth. BROWN.

GRAVEL with sand and silt,  crushed aggregate, loose to medium dense, very wet.  BROWN

NO RECOVERY

SAND with gravel and some silt, fine grained becoming medium grained with depth, firm, moist.  BROWN

SILT with organics, some sand, wood fibers and fine grained sand in matrix, firm, moist. BROWN

SILT with organics, rhythmic wood lenses firm, moist.  BROWN GRAY becoming GRAY

TD 15.0'    Boring terminated at contracted depth.
                 No refusal or hard conditions encountered.
                 Groundwater at 0.8' BPG.
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Materials Testing & Consulting, Inc.
Burlington, WA

Geotechnical & Environmental Engineering

MTC Project No. 14B037-01

Marysville, WA
Former Geddes Marina Property

Log of Boring GM-6

Date Started : 02/02/2015

Date Completed : 02/02/2015

Sampling Method : Geoprobe, Continuous

Location : GM-6

Logged By : Adapted from log notes: Camille - Caldera Archaeology
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GRAVELLY SILT, loamy texture.  GRAY-BROWN

SILT LOAM with heavy organics, wet. Decaying wood chips in matrix. RED-BROWN

ORGANIC SILT with heavy organics. BLACK-GRAY

CLAY LOAM. GRAY

SILT with gravel. Angular clasts and wood chips in matrix. Uncontrolled fill. GRAY

CLAY LOAM with large natural wood. Interpreted as estuary deposits. GRAY

SILT with clay and organics. GREY-BROWN

SILT LOAM with heavy organics and some gravel, wet. Lenses of wood chips. GRAY BROWN

SILT LOAM with clay and organics. Decaying wood chips and natural wood, strong wood odor. GRAY 
BROWN. 

Large cedar log at 14.5 feet.

TD 15.0'    Boring terminated at contracted depth.
                 No refusal or hard conditions encountered.
                 Groundwater at 7.95' BPG.
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Materials Testing & Consulting, Inc.
Burlington, WA

Geotechnical & Environmental Engineering

MTC Project No. 14B037-01

Marysville, WA
Former Geddes Marina Property

Log of Boring GM-9

Date Started : 02/02/2015

Date Completed : 02/02/2015

Sampling Method : Geoprobe, Continuous

Location : GM-9

Logged By : Adapted from log notes: Mike Murray - Maul Foster Alongi
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NO RECOVERY
NO RECOVERY

TOPSOIL: SAND with silt and organic debris. BROWN
SILT with fine sand and organics, damp. Organic debris partly decaying. BROWN

SANDY SILT with organic debris, moist. GRAY

NO RECOVERY

SANDY SILT with organic debris, moist. GRAY

NO RECOVERY

SILTY SAND with organic debris, loose, moist. GRAY

SILTY SAND, loose, wet. GRAY-BROWN

HEAVY ORGANICS. Unweathered wood chips.

SILT with sand, firm, damp. GRAY

TD 15.0'    Boring terminated at contracted depth.
                 No refusal or hard conditions encountered.
                 Groundwater at 6.02' BPG.
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Materials Testing & Consulting, Inc.
Burlington, WA

Geotechnical & Environmental Engineering

MTC Project No. 14B037-01

Marysville, WA
Former Geddes Marina Property

Log of Boring GM-10

Date Started : 02/03/2015

Date Completed : 02/03/2015

Sampling Method : Geoprobe, Continuous

Location : GM-10

Logged By : MH
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SILTY SAND with gravel and common organics, loose, moist. DARK BROWN
 TOPSOIL

GRAVEL with sand and some silt, angular crushed clasts, medium dense, dry.  GRAY

SILT with some fine grained sand, trace organics, organics predominantly carbonized wood, firm, moist.  
BROWN

SILT with some sand, well packed fine to medium sand grains, firm, moist.  BLUE-GRAY

SILT with heavy organics, wood debris in silt matrix, some debris carbonized, dense, moist.  BLUE-GRAY

GRAVEL with sand, some silt and wood debris,  sand fraction predominantly medium grained, wood debris 
partially carbonized, well packed, very wet.  DARK BROWN

SILTY SAND with gravel, loose, very wet. Trace organics. DARK BROWN.

HEAVY ORGANICS, well packed wood chips and sawdust in a silt matrix, firm, very wet. BROWN

SILT with fine-grained sand, some organics, wood debris and sawdust, firm to loose, very moist.  BROWN

HEAVY ORGANICS with silt, loosely packed wood debris and sawdust, loose, very moist.  RED-BROWN

HEAVY ORGANICS, very firmly packed wood debris and sawdustfirm, very moist.  RED-BROWN

SAND, firmly packed, medium grained, orange mottling from 13.2 feet to 13.9 feet, decreases with depth, 
rhythmically deposited lenses of well sorted medium grained sand, generally fining upwards,  firm, very wet. 
GRAY

TD 15.0'    Boring terminated at contracted depth.
                 No refusal or hard conditions encountered.
                Groundwater at 6.01' BPG.
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Appendix E. LIQUEFACTION ANALYSIS 
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CivilTech Corporation

LIQUEFACTION ANALYSIS
Geddes Marina

Plate A-1

Hole No.=CPT-1    Water Depth=5 ft Magnitude=7
Acceleration=.485g
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4. 42 0. 2174. 67 0. 2444. 82 0. 2665. 28 0. 2645. 32 0. 2444. 78 0. 2354. 71 0. 2455. 01 0. 2453. 53 0. 2784. 95 0. 64516. 82 0. 97729. 85 1. 12328. 47 0. 988 11024. 92 0. 66025. 33 0. 95014. 00 1. 01720. 69 0. 96320. 42 1. 02134. 27 0. 73536. 53 0. 568 120
52. 81 0. 26268. 01 0. 28887. 86 0. 33595. 82 0. 37399. 67 0. 41498. 69 0. 44994. 90 0. 44190. 83 0. 44083. 92 0. 44783. 68 0. 43594. 73 0. 459128. 8 0. 510 125155. 7 0. 533160. 1 0. 542153. 6 0. 476145. 4 0. 436139. 9 0. 450132. 5 0. 506115. 7 0. 516
97. 70 0. 58682. 41 0. 48075. 81 0. 38168. 89 0. 36350. 65 0. 38535. 20 0. 28343. 30 0. 25743. 35 0. 205 12042. 84 0. 16338. 72 0. 18032. 57 0. 23431. 93 0. 20337. 08 0. 15329. 56 0. 21423. 85 0. 29328. 21 0. 17841. 86 0. 40542. 62 0. 524 12598. 43 0. 798107. 4 0. 67198. 92 0. 731
105. 4 0. 597109. 7 0. 628112. 0 0. 642113. 6 0. 653113. 1 0. 668110. 0 0. 671107. 4 0. 672108. 2 0. 692108. 9 0. 686113. 6 0. 682119. 1 0. 687123. 1 0. 688126. 3 0. 706128. 7 0. 565129. 9 0. 575118. 0 0. 657134. 8 0. 706135. 7 0. 734132. 6 0. 731128. 7 0. 731
127. 9 0. 728127. 7 0. 735127. 2 0. 794125. 1 0. 821119. 4 1. 048110. 8 0. 953104. 2 0. 913119. 2 0. 718133. 0 0. 615143. 8 0. 662150. 9 0. 747156. 7 0. 780156. 9 0. 774153. 3 0. 792150. 5 0. 667107. 3 0. 737122. 9 1. 017131. 9 0. 704134. 3 0. 993 120109. 7 1. 400
86. 70 1. 071121. 9 0. 917128. 7 0. 848122. 5 0. 897125. 6 0. 784136. 5 0. 768134. 5 0. 838138. 5 0. 870124. 3 0. 961100. 8 1. 47570. 03 1. 31154. 87 1. 35456. 16 0. 826129. 7 0. 748131. 8 0. 857122. 0 0. 871120. 7 0. 991118. 8 1. 190
126. 6 0. 896129. 0 0. 827 125129. 5 0. 909
135. 4 0. 811137. 6 0. 788135. 2 0. 861134. 0 0. 801136. 7 0. 874140. 1 0. 974144. 2 1. 073142. 7 1. 084146. 7 1. 075151. 8 1. 156142. 7 1. 341150. 4 0. 961158. 6 0. 863147. 6 1. 230122. 6 1. 437146. 0 0. 940162. 3 0. 841167. 3 1. 014167. 5 1. 028157. 4 1. 199
123. 2 1. 67879. 23 1. 66252. 03 1. 19735. 87 1. 29265. 67 1. 042129. 2 0. 603137. 6 0. 637141. 8 0. 702144. 9 0. 750142. 6 0. 763141. 1 0. 774146. 3 0. 824153. 3 0. 923155. 5 1. 059152. 6 1. 165145. 9 0. 830130. 5 1. 01699. 16 1. 27190. 17 1. 230117. 1 0. 720
135. 4 0. 896142. 0 0. 915150. 4 1. 061148. 8 0. 976131. 1 1. 179115. 6 1. 301142. 2 0. 894161. 8 0. 879164. 8 1. 028167. 2 1. 083171. 2 1. 101177. 8 1. 114184. 4 1. 184167. 1 1. 164121. 7 1. 497100. 1 2. 02371. 61 1. 557124. 1 0. 984183. 9 1. 025
182. 3 1. 100173. 5 1. 181156. 8 1. 247144. 8 1. 564135. 2 2. 35291. 08 1. 935118. 8 2. 512103. 9 2. 288107. 3 1. 743153. 6 1. 119174. 2 1. 174177. 9 1. 371174. 6 1. 493167. 3 1. 679170. 4 1. 174167. 9 1. 098164. 2 1. 279162. 5 1. 400175. 6 1. 431179. 7 1. 416
173. 5 1. 313180. 8 1. 271184. 7 1. 270169. 7 1. 288168. 1 1. 044144. 7 1. 137184. 7 1. 141183. 7 1. 170182. 8 1. 149177. 9 1. 181174. 8 1. 137168. 1 1. 122155. 8 1. 036149. 1 1. 024143. 7 1. 035133. 1 1. 051119. 0 1. 036115. 7 1. 024119. 1 0. 998120. 3 1. 016
119. 8 1. 025117. 8 1. 094113. 2 1. 180104. 4 0. 946110. 6 0. 636109. 5 0. 763108. 1 1. 020105. 8 1. 149130. 0 0. 852145. 3 0. 794174. 5 1. 105186. 7 1. 278172. 8 1. 313168. 7 1. 141175. 5 1. 215183. 4 1. 285181. 5 1. 536157. 7 2. 018117. 9 2. 116133. 6 1. 302
157. 5 1. 068143. 8 1. 207122. 5 1. 161102. 5 1. 10095. 74 0. 88197. 85 0. 89180. 27 0. 91669. 84 1. 47155. 93 1. 45754. 40 1. 56076. 43 1. 133185. 4 1. 269190. 7 1. 579188. 8 1. 659203. 9 1. 472206. 2 1. 565200. 6 2. 018221. 9 2. 525239. 6 2. 148257. 6 2. 497
268. 3 2. 127259. 9 1. 930253. 1 1. 776244. 1 1. 473219. 2 1. 554214. 9 1. 442227. 4 1. 593194. 9 1. 628149. 9 1. 342128. 7 1. 22390. 27 1. 10482. 47 1. 198100. 1 1. 187164. 2 0. 993187. 0 1. 221180. 5 1. 397153. 2 1. 588143. 9 1. 444161. 4 1. 127173. 2 1. 178
165. 9 1. 557152. 4 1. 696157. 9 1. 520153. 7 1. 512140. 6 1. 075178. 6 1. 016180. 2 1. 286181. 8 1. 525174. 1 1. 765182. 8 1. 502201. 0 1. 171203. 3 1. 271197. 7 1. 392201. 4 1. 409203. 4 1. 430207. 2 1. 415207. 3 1. 347196. 9 1. 382172. 8 1. 602142. 0 1. 606145. 8 1. 375
151. 5 1. 030149. 0 1. 460104. 5 1. 467120. 0 1. 18195. 07 1. 35272. 08 1. 16554. 73 1. 33148. 14 0. 759120. 8 1. 39678. 39 1. 10571. 53 0. 97944. 78 0. 70165. 34 1. 30770. 99 1. 50963. 23 1. 279136. 3 0. 699142. 1 0. 940124. 6 1. 281147. 1 0. 943187. 4 0. 987
224. 4 1. 454231. 6 1. 402210. 4 1. 472183. 7 1. 589172. 6 1. 660170. 0 1. 611144. 2 2. 14694. 51 1. 829104. 5 1. 021119. 7 1. 27763. 33 1. 29552. 07 1. 34738. 60 1. 15839. 58 0. 98460. 73 0. 842113. 2 1. 116127. 8 1. 265131. 8 1. 81694. 83 2. 268111. 1 1. 744
196. 0 1. 641217. 7 1. 554210. 2 1. 738201. 2 1. 872173. 2 1. 852169. 0 1. 580177. 6 1. 556154. 8 1. 512146. 1 1. 475153. 0 1. 463155. 7 1. 525151. 0 1. 410153. 5 1. 308160. 7 2. 217123. 5 3. 11689. 31 2. 786100. 2 1. 623159. 9 2. 553116. 3 2. 674118. 6 2. 214
208. 6 2. 242200. 3 2. 303208. 6 2. 539263. 7 2. 823247. 6 1. 883197. 5 2. 948150. 4 2. 698180. 6 1. 723236. 8 1. 626255. 3 1. 759268. 5 1. 763274. 6 1. 771274. 9 1. 732278. 1 1. 683278. 9 1. 586284. 6 1. 549282. 1 1. 518277. 2 1. 435270. 0 1. 372270. 2 1. 276
268. 8 1. 238266. 7 0. 929259. 5 0. 892240. 9 1. 032215. 4 1. 054188. 2 1. 085178. 2 1. 117173. 7 1. 252177. 6 0. 844180. 3 0. 843174. 6 0. 954166. 8 0. 992164. 4 0. 982163. 6 0. 963163. 3 0. 980165. 8 1. 009167. 4 1. 081167. 1 1. 180164. 5 1. 294161. 2 1. 330
160. 2 1. 427157. 4 1. 213152. 2 1. 403146. 7 1. 354151. 2 1. 304155. 4 1. 221157. 3 1. 407154. 9 1. 786160. 0 1. 326166. 1 1. 095165. 5 1. 302158. 1 1. 366150. 1 1. 359145. 8 1. 304143. 5 1. 398144. 7 1. 486150. 3 1. 534158. 0 1. 472166. 0 1. 475
174. 1 1. 501174. 3 1. 613148. 1 1. 92197. 27 1. 68058. 63 1. 07837. 46 0. 71244. 83 1. 03051. 30 1. 375114. 9 0. 870 120160. 4 0. 856169. 2 1. 102172. 4 1. 696142. 8 2. 30487. 05 2. 82960. 34 2. 84553. 97 1. 810158. 0 1. 557200. 7 1. 798215. 5 1. 967220. 0 2. 073
208. 4 2. 132193. 5 2. 175174. 2 2. 422128. 8 2. 98769. 87 2. 65959. 80 1. 72373. 06 1. 00755. 93 0. 88035. 26 0. 80743. 77 0. 67933. 48 0. 87233. 56 1. 17469. 95 1. 42675. 91 1. 748103. 3 1. 910100. 4 1. 842113. 8 1. 489157. 3 1. 539175. 5 1. 796184. 8 2. 028
180. 4 2. 025179. 4 2. 263172. 8 1. 940133. 7 1. 902156. 8 1. 937161. 8 1. 970170. 8 2. 018176. 3 2. 035187. 8 1. 958177. 5 1. 885147. 1 2. 16185. 77 2. 25760. 37 1. 659 11541. 62 0. 57527. 26 0. 59138. 65 0. 61287. 22 1. 51848. 08 1. 54932. 68 0. 82129. 21 0. 51433. 83 0. 925
45. 65 1. 13445. 22 1. 47430. 15 1. 05828. 33 0. 38634. 02 0. 37226. 59 0. 31128. 73 0. 25826. 43 0. 31135. 55 0. 61790. 39 1. 089111. 1 1. 198142. 2 1. 573160. 1 1. 605229. 1 1. 873227. 5 2. 419162. 5 3. 23081. 03 2. 95260. 08 2. 372154. 2 1. 592184. 5 1. 857
161. 6 2. 145121. 3 2. 444122. 7 1. 752136. 9 1. 82697. 50 2. 41552. 99 2. 43253. 98 2. 04036. 26 1. 32531. 40 0. 89183. 64 1. 26368. 06 1. 44340. 13 1. 08325. 21 0. 44326. 16 0. 37928. 20 0. 38927. 03 0. 53633. 40 0. 55730. 90 0. 72533. 53 0. 63439. 07 1. 371
75. 63 1. 169129. 0 1. 256139. 7 1. 533126. 1 1. 850125. 8 1. 742151. 0 2. 465112. 6 2. 96956. 88 2. 49251. 40 1. 94441. 85 1. 39635. 27 0. 95176. 34 1. 119148. 6 2. 194119. 4 3. 12170. 69 2. 44046. 78 1. 67846. 34 1. 30442. 71 1. 56354. 47 1. 18259. 41 1. 542
42. 71 2. 10248. 30 1. 782103. 4 1. 527122. 9 1. 83396. 39 2. 45264. 54 2. 22842. 54 1. 75747. 57 1. 19239. 07 1. 12751. 28 1. 12043. 77 1. 22937. 99 1. 23746. 42 1. 65053. 94 1. 72941. 94 1. 60055. 08 1. 33942. 20 1. 47456. 84 1. 61548. 70 1. 76185. 83 2. 26458. 34 - 3276
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CivilTech Corporation

LIQUEFACTION ANALYSIS
Geddes Marina CPT-2

Plate A-1

Hole No.=CPT-2    Water Depth=5 ft    Surface Elev.=0 Magnitude=7
Acceleration=0.485g

(ft)
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131. 2 0. 239 125162. 3 0. 925305. 1 2. 887311. 1 1. 854227. 5 2. 878215. 3 2. 284139. 5 3. 928120. 8 2. 778
104. 9 1. 014 11574. 77 0. 79431 1. 05920. 42 0. 84210. 15 0. 5628 0. 3717. 06 0. 324 1055. 84 0. 276 NoLq5. 96 0. 276 NoLq9. 42 0. 414 NoLq6. 66 0. 485 NoLq5. 8 0. 350 NoLq5. 18 0. 255 NoLq4. 95 0. 215 NoLq4. 53 0. 181 NoLq4. 06 0. 139 NoLq3. 76 0. 147 NoLq4. 28 0. 159 NoLq4. 33 0. 143 NoLq4. 1 0. 156 NoLq
3. 8 0. 227 NoLq5. 46 0. 433 NoLq9. 05 0. 298 NoLq4. 27 0. 077 NoLq4. 12 - 0. 00 NoLq3. 3 0. 072 NoLq2. 45 0. 061 953. 66 0. 0633. 47 0. 072 105 NoLq3. 42 0. 085 NoLq3. 35 0. 077 NoLq3. 05 0. 064 NoLq2. 77 0. 062 NoLq3. 1 0. 102 NoLq4. 14 0. 166 NoLq5. 6 0. 134 110 NoLq3. 72 0. 0829. 53 0. 08011. 63 0. 046
10. 99 0. 16010. 88 0. 1552. 69 0. 1172. 22 0. 0761. 93 0. 091 NoLq3. 57 0. 118 NoLq3. 41 0. 176 NoLq3. 9 0. 220 NoLq3. 91 0. 220 NoLq3. 94 0. 208 NoLq3. 95 0. 274 NoLq19. 1 0. 743 NoLq43. 97 0. 742 NoLq7. 14 0. 651 NoLq4. 02 0. 158 NoLq2. 45 0. 593 NoLq30. 93 0. 896 NoLq18. 22 0. 854 NoLq4. 78 0. 412 NoLq4. 77 0. 292 NoLq4. 93 0. 351
6. 92 0. 31157. 08 0. 29590. 42 0. 324108. 5 0. 366118. 0 0. 427113. 7 0. 42696. 69 0. 38480. 73 0. 31864. 03 0. 28151. 41 0. 38051. 77 0. 36648. 38 0. 32540. 33 0. 22641. 14 0. 21539. 52 0. 23826. 14 0. 24917. 23 0. 26712. 25 0. 414
19. 64 0. 37145. 61 0. 316 11540. 67 0. 34825. 61 0. 42229. 11 0. 45720. 77 0. 38221. 01 0. 23422. 77 0. 19833. 75 0. 18645. 39 0. 20552. 82 0. 23659. 98 0. 489 12572. 44 0. 741100. 7 0. 69490. 26 0. 63987. 87 0. 5883. 61 0. 50692. 29 0. 38594. 91 0. 374113. 6 0. 453118. 3 0. 535124. 8 0. 604
132. 9 0. 650138. 8 0. 663142. 4 0. 684141. 3 0. 712137. 1 0. 681138. 1 0. 678141. 0 0. 679147. 6 0. 682155. 7 0. 710155. 7 0. 736147. 2 0. 705144. 2 0. 680151. 2 0. 692156. 6 0. 707158. 3 0. 681160. 9 0. 675154. 3 0. 852154. 1 0. 929169. 9 0. 709180. 5 0. 762
172. 1 0. 764169. 1 0. 755156. 8 0. 912149. 5 0. 941150. 6 0. 787159. 8 0. 791164. 7 0. 705165. 6 0. 797162. 3 0. 801158. 9 0. 854126. 1 1. 27680. 38 1. 32852. 3 1. 16649. 24 1. 03759. 67 0. 96966. 52 1. 00383. 03 0. 77889. 39 0. 85399. 69 0. 679115. 1 0. 615
102. 3 0. 80996. 2 0. 980120. 8 0. 633136 0. 770140. 5 0. 846161. 9 0. 916172. 9 0. 938 120161. 1 0. 932141. 4 1. 087109. 8 1. 76680. 42 1. 82470. 48 1. 59595. 51 1. 019125. 1 0. 693125. 3 0. 81589. 94 1. 02282. 67 1. 16794. 54 0. 684105. 8 0. 64495. 35 0. 99369. 03 1. 074
62. 89 0. 90469. 14 0. 83878. 21 0. 76691. 05 0. 97472. 5 0. 92391. 18 0. 672123. 3 0. 565131. 3 0. 652 125137. 0 0. 662145. 4 0. 690150. 4 0. 701150. 4 0. 720149. 8 0. 784152. 4 0. 795143. 6 1. 030135. 2 1. 290150. 5 0. 881156. 7 0. 856156. 0 0. 829164. 1 0. 845
166. 4 0. 901144. 2 0. 983129. 8 0. 846132. 4 0. 642141. 8 0. 71154. 1 0. 781172. 5 0. 870184. 8 0. 869191. 2 0. 854200. 7 0. 859214. 3 0. 878216. 7 0. 909211. 6 0. 986203. 9 0. 921209. 6 0. 863219. 5 0. 981207. 7 1. 209
233. 0 1. 128242. 2 1. 221229. 0 1. 281
229. 5 1. 235232. 7 1. 156214. 9 1. 131195 1. 362176. 4 1. 607168. 1 1. 469162. 6 1. 439126. 2 1. 786148. 7 1. 955166. 6 1. 585180. 4 1. 254200. 7 1. 086202. 4 1. 102182. 0 1. 068148. 2 1. 136188. 1 0. 868203. 9 1. 019214. 8 1. 038217. 1 1. 115
205. 7 1. 239179. 5 1. 371174. 3 1. 038171. 3 1. 290153. 7 1. 442188. 0 1. 184199. 3 1. 177184. 5 1. 242168. 5 1. 47150. 3 1. 584161. 4 1. 313165. 5 1. 096164. 5 1. 498189. 6 0. 986211. 3 0. 946203. 2 1. 312170. 8 1. 772179. 9 1. 973185. 4 1. 566 120173. 8 1. 547
170. 6 1. 950140. 5 1. 990129. 8 2. 314130. 3 2. 430115. 9 1. 772179. 9 1. 596198. 7 1. 474198. 8 1. 553 125191. 0 1. 449188. 2 1. 348184. 2 1. 31173. 2 1. 314163. 4 1. 356154. 1 1. 341155. 9 1. 172163. 0 0. 972167. 2 0. 994157. 3 1. 115149. 3 1. 119
157. 0 0. 998159. 2 1. 174156. 4 1. 133157. 7 1. 057153. 7 1. 110149. 1 1. 130150. 3 1. 247139. 2 1. 546152. 0 1. 152154. 8 1. 434137. 8 1. 724179. 3 1. 476219. 1 1. 467252. 5 1. 448250. 3 1. 387233. 6 1. 384197. 4 1. 557150. 7 1. 619
154. 0 1. 355130. 8 1. 763 12087. 57 1. 88666. 24 1. 38345. 28 0. 96237. 1 0. 82338. 7 1. 10456. 77 0. 930130. 1 0. 810144. 5 0. 904156. 0 1. 113 125156. 6 1. 177169. 8 1. 274186. 4 1. 334194. 9 0. 982182. 9 1. 246141. 3 1. 420125. 7 1. 396129. 5 0. 911134. 9 1. 124124. 5 0. 997126. 6 0. 926137. 9 0. 969
137. 6 1. 056145. 0 0. 977158. 7 0. 983165. 7 1. 007175. 3 1. 086165. 1 1. 314153. 0 1. 268167. 5 1. 201169. 3 0. 840143. 7 1. 070114. 5 0. 936108. 6 0. 9893. 4 0. 94990. 22 1. 012130. 0 0. 788139. 9 0. 964142. 9 1. 122148. 3 1. 180154. 0 1. 191166. 0 1. 333
171. 6 1. 446166. 3 1. 428157. 5 1. 347147. 7 1. 284142. 4 1. 293146. 3 1. 307154. 6 1. 349165. 9 1. 349178. 6 1. 354169. 4 1. 272151. 1 1. 313117. 2 1. 14197. 08 1. 37474. 99 1. 81647. 09 1. 368113. 2 1. 041148. 3 1. 168
113. 8 1. 33087. 27 1. 077
70. 02 1. 100 12051. 58 0. 940
47. 92 0. 95057. 53 0. 72788. 96 0. 98769. 15 1. 16263. 22 0. 97972. 57 0. 77380. 43 0. 94163. 71 1. 12047. 95 1. 00845. 02 0. 80799. 25 0. 965100. 5 2. 13767. 29 2. 17865. 54 1. 746167. 0 1. 416191. 5 1. 495190. 6 1. 513 125200. 1 1. 542210. 0 1. 543209. 2 1. 578 120
200. 6 1. 603191. 4 1. 627185. 0 1. 683162. 4 1. 886108. 1 1. 872103. 2 1. 213171. 2 1. 182186. 7 1. 377159. 6 1. 526141. 1 1. 301129. 7 0. 138122. 9 0. 13741. 88 0. 13541. 81 0. 13541. 72 0. 13541. 7 0. 134
41. 67 0. 13441. 66 0. 133
41. 65 0. 13341. 62 0. 133
41. 6 0. 13241. 58 0. 13241. 57 0. 13141. 55 0. 13141. 54 0. 13041. 51 0. 13041. 49 0. 12941. 48 0. 12941. 46 0. 12741. 44 0. 12541. 32 2. 07941. 26 1. 522116. 1 1. 074144. 9 1. 093142. 6 1. 285167. 1 1. 047203. 4 1. 119214. 3 1. 153229. 1 1. 224236. 5 1. 245
240. 5 1. 412244. 7 1. 350236. 3 1. 308245. 7 1. 295250. 1 1. 302253. 1 1. 291254. 9 1. 274249. 3 1. 21244. 3 1. 187242. 2 1. 152236. 2 0. 935221. 4 0. 966131. 7 0. 926190. 7 0. 949184. 3 1. 017191. 5 1. 185218. 9 1. 351233. 0 1. 394233. 4 1. 383235. 8 1. 365
231. 3 1. 317216. 4 1. 275210. 1 1. 273220. 3 1. 320219. 0 1. 319199. 4 1. 289174. 3 1. 338161. 2 1. 238163. 1 1. 321156. 6 1. 458176. 2 1. 411213. 1 1. 418205. 3 2. 207144. 3 2. 79497. 63 2. 66095. 99 1. 844133. 8 1. 7203. 4 1. 416231. 5 1. 416246. 7 1. 488
262. 9 1. 526267. 6 1. 587270. 8 1. 613264. 6 1. 629239. 7 1. 626211. 1 1. 815169. 0 2. 049146. 3 1. 627163. 3 1. 670137. 1 1. 696174. 8 1. 828228. 9 1. 221228. 7 1. 699234. 1 2. 502256. 9 2. 025248. 4 1. 573199. 6 1. 647124. 6 2. 36661. 93 1. 977
40. 68 1. 54959. 34 1. 50545. 4 1. 41132. 32 1. 00728. 99 0. 80744. 06 1. 07485. 43 0. 945112. 0 1. 64297. 03 1. 609114. 1 1. 70799. 92 1. 472125. 6 1. 491108. 6 1. 57676. 06 1. 646118. 1 1. 334145. 6 1. 477100. 7 1. 53179. 3 1. 47380. 02 1. 048131. 9 0. 952
137 0. 958142. 6 1. 105146. 9 1. 351139. 8 1. 476160. 1 1. 132150. 1 1. 70384. 73 2. 14353. 13 1. 93235. 43 1. 28741. 25 1. 07786. 82 1. 037114. 4 0. 953105. 4 1. 13585. 05 1. 37898. 44 1. 013100. 4 0. 63295. 79 0. 74786. 16 0. 75971. 16 1. 41776. 31 1. 354
169. 1 1. 470231. 6 1. 902290. 4 2. 107304. 3 2. 304295. 1 2. 434298. 8 2. 378289. 9 2. 290270. 3 2. 252233. 0 2. 310205. 5 2. 355205. 6 2. 494216. 1 2. 359231. 1 2. 200233. 0 2. 127237. 5 2. 056232. 8 2. 027227. 9 1. 996227. 9 2. 028233. 2 2. 040244. 6 2. 094235. 6 2. 033
235. 9 2. 079243. 1 2. 056241. 8 2. 056242. 3 1. 974227. 4 1. 996212. 7 1. 968206. 1 1. 993163. 1 2. 28594. 33 2. 47656. 52 2. 11364. 71 1. 179 11576. 95 1. 45660. 4 1. 70161. 02 1. 63260. 42 0. 898111. 9 1. 69457. 36 1. 52832. 97 1. 08529. 91 0. 58837. 18 0. 398
39. 29 0. 32926. 81 0. 39427. 74 0. 6332. 15 0. 60633. 05 0. 63835. 04 0. 93737. 38 0. 90768. 01 1. 31495. 61 1. 85459. 44 1. 70738. 62 1. 00635. 24 0. 65157. 07 0. 74258. 79 0. 65165. 48 0. 76173. 38 1. 23552. 54 1. 13042. 67 0. 93543. 12 0. 62930. 08 0. 393
27. 72 0. 24029. 14 0. 20928. 41 0. 24626. 29 0. 329 12032. 06 0. 38529. 78 0. 962115. 9 1. 344222. 1 1. 673213. 9 2. 154132. 6 2. 32377. 06 2. 35363. 73 2. 08553. 75 1. 49589. 23 1. 03099. 15 1. 468101. 5 1. 350114. 4 1. 189103. 0 2. 14066. 56 2. 272 11549. 16 2. 021
49. 39 1. 68450. 09 1. 47950. 94 1. 54054. 81 0. 97883. 58 1. 55765. 42 1. 53047. 58 1. 14039. 32 0. 70336. 16 0. 73739. 29 0. 87740. 44 1. 03835. 46 1. 20847. 91 1. 02046. 7 1. 11743. 98 1. 26259. 27 1. 33559. 43 1. 51868. 83 1. 52775. 03 1. 88863. 3 - 3276
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   qc     fc   Weight   %

Shear Stress Ratio
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Shaded Zone has Liquefaction Potential

0 1
Soil Description Factor of Safety

0 51
Settlement

Saturated
Unsaturat.

S = 9.84 in.

0 (in.) 10

fs1=1.00
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777 Chrysler Drive 

Burlington, WA 98233 

LiquefyPro – CPT-2 
Geddes Marina Redevelopment 

1326 First Street  
Marysville, WA 

FIGURE 
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CivilTech Corporation

LIQUEFACTION ANALYSIS
Geddes Marina

Plate A-1

Hole No.=CPT-1    Water Depth=5 ft Magnitude=7
Acceleration=.485gGround Improvement of Fill=5 ft

(ft)
0

15

30

45

60

75

90

105

27. 98 0. 223 12056. 32 0. 39967. 98 0. 47765. 09 0. 54148. 27 0. 44333. 50 0. 38420. 59 0. 441 11518. 88 0. 342
15. 04 0. 2698. 18 0. 28713. 15 0. 3165. 54 0. 3335. 12 0. 267 11010. 56 0. 381 10516. 54 0. 4628. 09 0. 3315. 01 0. 2774. 54 0. 2584. 45 0. 2533. 19 0. 2634. 95 0. 41413. 40 0. 4688. 44 0. 4977. 95 0. 3256. 06 0. 2725. 81 0. 2455. 85 0. 2726. 04 0. 303
6. 29 0. 3417. 39 0. 4138. 24 0. 4288. 01 0. 5347. 81 0. 50814. 22 0. 55010. 75 0. 5058. 68 0. 4578. 18 0. 3797. 42 0. 4176. 08 0. 3864. 86 0. 3263. 92 0. 2473. 73 0. 2194. 16 0. 2124. 06 0. 1923. 71 0. 2084. 62 0. 2244. 37 0. 2254. 52 0. 208
4. 42 0. 2174. 67 0. 2444. 82 0. 2665. 28 0. 2645. 32 0. 2444. 78 0. 2354. 71 0. 2455. 01 0. 2453. 53 0. 2784. 95 0. 64516. 82 0. 97729. 85 1. 12328. 47 0. 988 11024. 92 0. 66025. 33 0. 95014. 00 1. 01720. 69 0. 96320. 42 1. 02134. 27 0. 73536. 53 0. 568 120
52. 81 0. 26268. 01 0. 28887. 86 0. 33595. 82 0. 37399. 67 0. 41498. 69 0. 44994. 90 0. 44190. 83 0. 44083. 92 0. 44783. 68 0. 43594. 73 0. 459128. 8 0. 510 125155. 7 0. 533160. 1 0. 542153. 6 0. 476145. 4 0. 436139. 9 0. 450132. 5 0. 506115. 7 0. 516
97. 70 0. 58682. 41 0. 48075. 81 0. 38168. 89 0. 36350. 65 0. 38535. 20 0. 28343. 30 0. 25743. 35 0. 205 12042. 84 0. 16338. 72 0. 18032. 57 0. 23431. 93 0. 20337. 08 0. 15329. 56 0. 21423. 85 0. 29328. 21 0. 17841. 86 0. 40542. 62 0. 524 12598. 43 0. 798107. 4 0. 67198. 92 0. 731
105. 4 0. 597109. 7 0. 628112. 0 0. 642113. 6 0. 653113. 1 0. 668110. 0 0. 671107. 4 0. 672108. 2 0. 692108. 9 0. 686113. 6 0. 682119. 1 0. 687123. 1 0. 688126. 3 0. 706128. 7 0. 565129. 9 0. 575118. 0 0. 657134. 8 0. 706135. 7 0. 734132. 6 0. 731128. 7 0. 731
127. 9 0. 728127. 7 0. 735127. 2 0. 794125. 1 0. 821119. 4 1. 048110. 8 0. 953104. 2 0. 913119. 2 0. 718133. 0 0. 615143. 8 0. 662150. 9 0. 747156. 7 0. 780156. 9 0. 774153. 3 0. 792150. 5 0. 667107. 3 0. 737122. 9 1. 017131. 9 0. 704134. 3 0. 993 120109. 7 1. 400
86. 70 1. 071121. 9 0. 917128. 7 0. 848122. 5 0. 897125. 6 0. 784136. 5 0. 768134. 5 0. 838138. 5 0. 870124. 3 0. 961100. 8 1. 47570. 03 1. 31154. 87 1. 35456. 16 0. 826129. 7 0. 748131. 8 0. 857122. 0 0. 871120. 7 0. 991118. 8 1. 190
126. 6 0. 896129. 0 0. 827 125129. 5 0. 909
135. 4 0. 811137. 6 0. 788135. 2 0. 861134. 0 0. 801136. 7 0. 874140. 1 0. 974144. 2 1. 073142. 7 1. 084146. 7 1. 075151. 8 1. 156142. 7 1. 341150. 4 0. 961158. 6 0. 863147. 6 1. 230122. 6 1. 437146. 0 0. 940162. 3 0. 841167. 3 1. 014167. 5 1. 028157. 4 1. 199
123. 2 1. 67879. 23 1. 66252. 03 1. 19735. 87 1. 29265. 67 1. 042129. 2 0. 603137. 6 0. 637141. 8 0. 702144. 9 0. 750142. 6 0. 763141. 1 0. 774146. 3 0. 824153. 3 0. 923155. 5 1. 059152. 6 1. 165145. 9 0. 830130. 5 1. 01699. 16 1. 27190. 17 1. 230117. 1 0. 720
135. 4 0. 896142. 0 0. 915150. 4 1. 061148. 8 0. 976131. 1 1. 179115. 6 1. 301142. 2 0. 894161. 8 0. 879164. 8 1. 028167. 2 1. 083171. 2 1. 101177. 8 1. 114184. 4 1. 184167. 1 1. 164121. 7 1. 497100. 1 2. 02371. 61 1. 557124. 1 0. 984183. 9 1. 025
182. 3 1. 100173. 5 1. 181156. 8 1. 247144. 8 1. 564135. 2 2. 35291. 08 1. 935118. 8 2. 512103. 9 2. 288107. 3 1. 743153. 6 1. 119174. 2 1. 174177. 9 1. 371174. 6 1. 493167. 3 1. 679170. 4 1. 174167. 9 1. 098164. 2 1. 279162. 5 1. 400175. 6 1. 431179. 7 1. 416
173. 5 1. 313180. 8 1. 271184. 7 1. 270169. 7 1. 288168. 1 1. 044144. 7 1. 137184. 7 1. 141183. 7 1. 170182. 8 1. 149177. 9 1. 181174. 8 1. 137168. 1 1. 122155. 8 1. 036149. 1 1. 024143. 7 1. 035133. 1 1. 051119. 0 1. 036115. 7 1. 024119. 1 0. 998120. 3 1. 016
119. 8 1. 025117. 8 1. 094113. 2 1. 180104. 4 0. 946110. 6 0. 636109. 5 0. 763108. 1 1. 020105. 8 1. 149130. 0 0. 852145. 3 0. 794174. 5 1. 105186. 7 1. 278172. 8 1. 313168. 7 1. 141175. 5 1. 215183. 4 1. 285181. 5 1. 536157. 7 2. 018117. 9 2. 116133. 6 1. 302
157. 5 1. 068143. 8 1. 207122. 5 1. 161102. 5 1. 10095. 74 0. 88197. 85 0. 89180. 27 0. 91669. 84 1. 47155. 93 1. 45754. 40 1. 56076. 43 1. 133185. 4 1. 269190. 7 1. 579188. 8 1. 659203. 9 1. 472206. 2 1. 565200. 6 2. 018221. 9 2. 525239. 6 2. 148257. 6 2. 497
268. 3 2. 127259. 9 1. 930253. 1 1. 776244. 1 1. 473219. 2 1. 554214. 9 1. 442227. 4 1. 593194. 9 1. 628149. 9 1. 342128. 7 1. 22390. 27 1. 10482. 47 1. 198100. 1 1. 187164. 2 0. 993187. 0 1. 221180. 5 1. 397153. 2 1. 588143. 9 1. 444161. 4 1. 127173. 2 1. 178
165. 9 1. 557152. 4 1. 696157. 9 1. 520153. 7 1. 512140. 6 1. 075178. 6 1. 016180. 2 1. 286181. 8 1. 525174. 1 1. 765182. 8 1. 502201. 0 1. 171203. 3 1. 271197. 7 1. 392201. 4 1. 409203. 4 1. 430207. 2 1. 415207. 3 1. 347196. 9 1. 382172. 8 1. 602142. 0 1. 606145. 8 1. 375
151. 5 1. 030149. 0 1. 460104. 5 1. 467120. 0 1. 18195. 07 1. 35272. 08 1. 16554. 73 1. 33148. 14 0. 759120. 8 1. 39678. 39 1. 10571. 53 0. 97944. 78 0. 70165. 34 1. 30770. 99 1. 50963. 23 1. 279136. 3 0. 699142. 1 0. 940124. 6 1. 281147. 1 0. 943187. 4 0. 987
224. 4 1. 454231. 6 1. 402210. 4 1. 472183. 7 1. 589172. 6 1. 660170. 0 1. 611144. 2 2. 14694. 51 1. 829104. 5 1. 021119. 7 1. 27763. 33 1. 29552. 07 1. 34738. 60 1. 15839. 58 0. 98460. 73 0. 842113. 2 1. 116127. 8 1. 265131. 8 1. 81694. 83 2. 268111. 1 1. 744
196. 0 1. 641217. 7 1. 554210. 2 1. 738201. 2 1. 872173. 2 1. 852169. 0 1. 580177. 6 1. 556154. 8 1. 512146. 1 1. 475153. 0 1. 463155. 7 1. 525151. 0 1. 410153. 5 1. 308160. 7 2. 217123. 5 3. 11689. 31 2. 786100. 2 1. 623159. 9 2. 553116. 3 2. 674118. 6 2. 214
208. 6 2. 242200. 3 2. 303208. 6 2. 539263. 7 2. 823247. 6 1. 883197. 5 2. 948150. 4 2. 698180. 6 1. 723236. 8 1. 626255. 3 1. 759268. 5 1. 763274. 6 1. 771274. 9 1. 732278. 1 1. 683278. 9 1. 586284. 6 1. 549282. 1 1. 518277. 2 1. 435270. 0 1. 372270. 2 1. 276
268. 8 1. 238266. 7 0. 929259. 5 0. 892240. 9 1. 032215. 4 1. 054188. 2 1. 085178. 2 1. 117173. 7 1. 252177. 6 0. 844180. 3 0. 843174. 6 0. 954166. 8 0. 992164. 4 0. 982163. 6 0. 963163. 3 0. 980165. 8 1. 009167. 4 1. 081167. 1 1. 180164. 5 1. 294161. 2 1. 330
160. 2 1. 427157. 4 1. 213152. 2 1. 403146. 7 1. 354151. 2 1. 304155. 4 1. 221157. 3 1. 407154. 9 1. 786160. 0 1. 326166. 1 1. 095165. 5 1. 302158. 1 1. 366150. 1 1. 359145. 8 1. 304143. 5 1. 398144. 7 1. 486150. 3 1. 534158. 0 1. 472166. 0 1. 475
174. 1 1. 501174. 3 1. 613148. 1 1. 92197. 27 1. 68058. 63 1. 07837. 46 0. 71244. 83 1. 03051. 30 1. 375114. 9 0. 870 120160. 4 0. 856169. 2 1. 102172. 4 1. 696142. 8 2. 30487. 05 2. 82960. 34 2. 84553. 97 1. 810158. 0 1. 557200. 7 1. 798215. 5 1. 967220. 0 2. 073
208. 4 2. 132193. 5 2. 175174. 2 2. 422128. 8 2. 98769. 87 2. 65959. 80 1. 72373. 06 1. 00755. 93 0. 88035. 26 0. 80743. 77 0. 67933. 48 0. 87233. 56 1. 17469. 95 1. 42675. 91 1. 748103. 3 1. 910100. 4 1. 842113. 8 1. 489157. 3 1. 539175. 5 1. 796184. 8 2. 028
180. 4 2. 025179. 4 2. 263172. 8 1. 940133. 7 1. 902156. 8 1. 937161. 8 1. 970170. 8 2. 018176. 3 2. 035187. 8 1. 958177. 5 1. 885147. 1 2. 16185. 77 2. 25760. 37 1. 659 11541. 62 0. 57527. 26 0. 59138. 65 0. 61287. 22 1. 51848. 08 1. 54932. 68 0. 82129. 21 0. 51433. 83 0. 925
45. 65 1. 13445. 22 1. 47430. 15 1. 05828. 33 0. 38634. 02 0. 37226. 59 0. 31128. 73 0. 25826. 43 0. 31135. 55 0. 61790. 39 1. 089111. 1 1. 198142. 2 1. 573160. 1 1. 605229. 1 1. 873227. 5 2. 419162. 5 3. 23081. 03 2. 95260. 08 2. 372154. 2 1. 592184. 5 1. 857
161. 6 2. 145121. 3 2. 444122. 7 1. 752136. 9 1. 82697. 50 2. 41552. 99 2. 43253. 98 2. 04036. 26 1. 32531. 40 0. 89183. 64 1. 26368. 06 1. 44340. 13 1. 08325. 21 0. 44326. 16 0. 37928. 20 0. 38927. 03 0. 53633. 40 0. 55730. 90 0. 72533. 53 0. 63439. 07 1. 371
75. 63 1. 169129. 0 1. 256139. 7 1. 533126. 1 1. 850125. 8 1. 742151. 0 2. 465112. 6 2. 96956. 88 2. 49251. 40 1. 94441. 85 1. 39635. 27 0. 95176. 34 1. 119148. 6 2. 194119. 4 3. 12170. 69 2. 44046. 78 1. 67846. 34 1. 30442. 71 1. 56354. 47 1. 18259. 41 1. 542
42. 71 2. 10248. 30 1. 782103. 4 1. 527122. 9 1. 83396. 39 2. 45264. 54 2. 22842. 54 1. 75747. 57 1. 19239. 07 1. 12751. 28 1. 12043. 77 1. 22937. 99 1. 23746. 42 1. 65053. 94 1. 72941. 94 1. 60055. 08 1. 33942. 20 1. 47456. 84 1. 61548. 70 1. 76185. 83 2. 26458. 34 - 3276
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777 Chrysler Drive 

Burlington, WA 98233 

LiquefyPro – CPT-1, Fill = 5 ft 
Geddes Marina Redevelopment 

1326 First Street  
Marysville, WA 
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CivilTech Corporation

LIQUEFACTION ANALYSIS
Geddes Marina

Plate A-1

Hole No.=CPT-1    Water Depth=5 ft Magnitude=7
Acceleration=.485gGround Improvement of Fill=10 ft

(ft)
0

15

30

45

60

75

90

105

27. 98 0. 223 12056. 32 0. 39967. 98 0. 47765. 09 0. 54148. 27 0. 44333. 50 0. 38420. 59 0. 441 11518. 88 0. 342
15. 04 0. 2698. 18 0. 28713. 15 0. 3165. 54 0. 3335. 12 0. 267 11010. 56 0. 381 10516. 54 0. 4628. 09 0. 3315. 01 0. 2774. 54 0. 2584. 45 0. 2533. 19 0. 2634. 95 0. 41413. 40 0. 4688. 44 0. 4977. 95 0. 3256. 06 0. 2725. 81 0. 2455. 85 0. 2726. 04 0. 303
6. 29 0. 3417. 39 0. 4138. 24 0. 4288. 01 0. 5347. 81 0. 50814. 22 0. 55010. 75 0. 5058. 68 0. 4578. 18 0. 3797. 42 0. 4176. 08 0. 3864. 86 0. 3263. 92 0. 2473. 73 0. 2194. 16 0. 2124. 06 0. 1923. 71 0. 2084. 62 0. 2244. 37 0. 2254. 52 0. 208
4. 42 0. 2174. 67 0. 2444. 82 0. 2665. 28 0. 2645. 32 0. 2444. 78 0. 2354. 71 0. 2455. 01 0. 2453. 53 0. 2784. 95 0. 64516. 82 0. 97729. 85 1. 12328. 47 0. 988 11024. 92 0. 66025. 33 0. 95014. 00 1. 01720. 69 0. 96320. 42 1. 02134. 27 0. 73536. 53 0. 568 120
52. 81 0. 26268. 01 0. 28887. 86 0. 33595. 82 0. 37399. 67 0. 41498. 69 0. 44994. 90 0. 44190. 83 0. 44083. 92 0. 44783. 68 0. 43594. 73 0. 459128. 8 0. 510 125155. 7 0. 533160. 1 0. 542153. 6 0. 476145. 4 0. 436139. 9 0. 450132. 5 0. 506115. 7 0. 516
97. 70 0. 58682. 41 0. 48075. 81 0. 38168. 89 0. 36350. 65 0. 38535. 20 0. 28343. 30 0. 25743. 35 0. 205 12042. 84 0. 16338. 72 0. 18032. 57 0. 23431. 93 0. 20337. 08 0. 15329. 56 0. 21423. 85 0. 29328. 21 0. 17841. 86 0. 40542. 62 0. 524 12598. 43 0. 798107. 4 0. 67198. 92 0. 731
105. 4 0. 597109. 7 0. 628112. 0 0. 642113. 6 0. 653113. 1 0. 668110. 0 0. 671107. 4 0. 672108. 2 0. 692108. 9 0. 686113. 6 0. 682119. 1 0. 687123. 1 0. 688126. 3 0. 706128. 7 0. 565129. 9 0. 575118. 0 0. 657134. 8 0. 706135. 7 0. 734132. 6 0. 731128. 7 0. 731
127. 9 0. 728127. 7 0. 735127. 2 0. 794125. 1 0. 821119. 4 1. 048110. 8 0. 953104. 2 0. 913119. 2 0. 718133. 0 0. 615143. 8 0. 662150. 9 0. 747156. 7 0. 780156. 9 0. 774153. 3 0. 792150. 5 0. 667107. 3 0. 737122. 9 1. 017131. 9 0. 704134. 3 0. 993 120109. 7 1. 400
86. 70 1. 071121. 9 0. 917128. 7 0. 848122. 5 0. 897125. 6 0. 784136. 5 0. 768134. 5 0. 838138. 5 0. 870124. 3 0. 961100. 8 1. 47570. 03 1. 31154. 87 1. 35456. 16 0. 826129. 7 0. 748131. 8 0. 857122. 0 0. 871120. 7 0. 991118. 8 1. 190
126. 6 0. 896129. 0 0. 827 125129. 5 0. 909
135. 4 0. 811137. 6 0. 788135. 2 0. 861134. 0 0. 801136. 7 0. 874140. 1 0. 974144. 2 1. 073142. 7 1. 084146. 7 1. 075151. 8 1. 156142. 7 1. 341150. 4 0. 961158. 6 0. 863147. 6 1. 230122. 6 1. 437146. 0 0. 940162. 3 0. 841167. 3 1. 014167. 5 1. 028157. 4 1. 199
123. 2 1. 67879. 23 1. 66252. 03 1. 19735. 87 1. 29265. 67 1. 042129. 2 0. 603137. 6 0. 637141. 8 0. 702144. 9 0. 750142. 6 0. 763141. 1 0. 774146. 3 0. 824153. 3 0. 923155. 5 1. 059152. 6 1. 165145. 9 0. 830130. 5 1. 01699. 16 1. 27190. 17 1. 230117. 1 0. 720
135. 4 0. 896142. 0 0. 915150. 4 1. 061148. 8 0. 976131. 1 1. 179115. 6 1. 301142. 2 0. 894161. 8 0. 879164. 8 1. 028167. 2 1. 083171. 2 1. 101177. 8 1. 114184. 4 1. 184167. 1 1. 164121. 7 1. 497100. 1 2. 02371. 61 1. 557124. 1 0. 984183. 9 1. 025
182. 3 1. 100173. 5 1. 181156. 8 1. 247144. 8 1. 564135. 2 2. 35291. 08 1. 935118. 8 2. 512103. 9 2. 288107. 3 1. 743153. 6 1. 119174. 2 1. 174177. 9 1. 371174. 6 1. 493167. 3 1. 679170. 4 1. 174167. 9 1. 098164. 2 1. 279162. 5 1. 400175. 6 1. 431179. 7 1. 416
173. 5 1. 313180. 8 1. 271184. 7 1. 270169. 7 1. 288168. 1 1. 044144. 7 1. 137184. 7 1. 141183. 7 1. 170182. 8 1. 149177. 9 1. 181174. 8 1. 137168. 1 1. 122155. 8 1. 036149. 1 1. 024143. 7 1. 035133. 1 1. 051119. 0 1. 036115. 7 1. 024119. 1 0. 998120. 3 1. 016
119. 8 1. 025117. 8 1. 094113. 2 1. 180104. 4 0. 946110. 6 0. 636109. 5 0. 763108. 1 1. 020105. 8 1. 149130. 0 0. 852145. 3 0. 794174. 5 1. 105186. 7 1. 278172. 8 1. 313168. 7 1. 141175. 5 1. 215183. 4 1. 285181. 5 1. 536157. 7 2. 018117. 9 2. 116133. 6 1. 302
157. 5 1. 068143. 8 1. 207122. 5 1. 161102. 5 1. 10095. 74 0. 88197. 85 0. 89180. 27 0. 91669. 84 1. 47155. 93 1. 45754. 40 1. 56076. 43 1. 133185. 4 1. 269190. 7 1. 579188. 8 1. 659203. 9 1. 472206. 2 1. 565200. 6 2. 018221. 9 2. 525239. 6 2. 148257. 6 2. 497
268. 3 2. 127259. 9 1. 930253. 1 1. 776244. 1 1. 473219. 2 1. 554214. 9 1. 442227. 4 1. 593194. 9 1. 628149. 9 1. 342128. 7 1. 22390. 27 1. 10482. 47 1. 198100. 1 1. 187164. 2 0. 993187. 0 1. 221180. 5 1. 397153. 2 1. 588143. 9 1. 444161. 4 1. 127173. 2 1. 178
165. 9 1. 557152. 4 1. 696157. 9 1. 520153. 7 1. 512140. 6 1. 075178. 6 1. 016180. 2 1. 286181. 8 1. 525174. 1 1. 765182. 8 1. 502201. 0 1. 171203. 3 1. 271197. 7 1. 392201. 4 1. 409203. 4 1. 430207. 2 1. 415207. 3 1. 347196. 9 1. 382172. 8 1. 602142. 0 1. 606145. 8 1. 375
151. 5 1. 030149. 0 1. 460104. 5 1. 467120. 0 1. 18195. 07 1. 35272. 08 1. 16554. 73 1. 33148. 14 0. 759120. 8 1. 39678. 39 1. 10571. 53 0. 97944. 78 0. 70165. 34 1. 30770. 99 1. 50963. 23 1. 279136. 3 0. 699142. 1 0. 940124. 6 1. 281147. 1 0. 943187. 4 0. 987
224. 4 1. 454231. 6 1. 402210. 4 1. 472183. 7 1. 589172. 6 1. 660170. 0 1. 611144. 2 2. 14694. 51 1. 829104. 5 1. 021119. 7 1. 27763. 33 1. 29552. 07 1. 34738. 60 1. 15839. 58 0. 98460. 73 0. 842113. 2 1. 116127. 8 1. 265131. 8 1. 81694. 83 2. 268111. 1 1. 744
196. 0 1. 641217. 7 1. 554210. 2 1. 738201. 2 1. 872173. 2 1. 852169. 0 1. 580177. 6 1. 556154. 8 1. 512146. 1 1. 475153. 0 1. 463155. 7 1. 525151. 0 1. 410153. 5 1. 308160. 7 2. 217123. 5 3. 11689. 31 2. 786100. 2 1. 623159. 9 2. 553116. 3 2. 674118. 6 2. 214
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  Raw           Unit    Fines
   qc     fc   Weight   %

Shear Stress Ratio

CRR              CSR  fs1
Shaded Zone has Liquefaction Potential

0 1
Soil Description Factor of Safety

0 51
Settlement

Saturated
Unsaturat.

S = 2.47 in.

0 (in.) 10

fs1=1.00
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