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GEOTECHNICAL	ENGINEERING	REPORT	
	

QWULOOLT	SECTION	544	ECOSYSTEM		
RESTORATION	PROJECT	
MARYSVILLE,	WASHINGTON	

1.0 INTRODUCTION		

This	report	presents	the	United	States	Army	Corps	of	Engineers	(USACE)	Seattle	District	
(USACE)	studies	for	the	design	and	construction	of	the	proposed	new	levee	for	the	
Qwuloolt	Section	544	Ecosystem	Restoration	Project	(Qwuloolt	Project),	Marysville,	
Washington.			

The	main	features	of	design	for	the	project	are	a	3,960	feet	long	new	levee,	a	storm	water	
retention	pond,	an	outlet	culvert,	and	a	breach	of	the	Ebey	Slough	levee..	

2.0 SITE	BACKGROUND	AND	PROJECT	DESCRIPTION		

2.1 Authorization	

The	proposed	project	is	authorized	by	Section	544	of	the	Water	Resources	Development	
Act	of	2000	which	authorizes	implementation	of	critical	restoration	projects	in	the	
watersheds	that	drain	directly	into	Puget	Sound.		The	intent	of	the	Section	544	Qwuloolt	
Restoration	Project	is	to	restore	important	hydrologic	processes	(both	tidal	and	stream)	
which	will	lead	to	the	establishment	of	intertidal	habitat	suitable	for	rearing	and	foraging	
by	juvenile	salmonids.		This	would	be	accomplished	by	lowering	and	breaching	the	existing	
dike	at	Ebey	slough	to	reestablish	tidal	inundation	to	the	site,	and	reconnecting	the	site	to	
the	slough.		Additional	restoration	work	will	provide	an	unobstructed	fish	access	to	Allen	
Creek.	

2.2 History		

The	Qwuloolt	restoration	project	is	an	area	of	former	agricultural	land	(Portinga	property)	
located	along	Ebey	Slough	in	the	southern	portion	of	Marysville	in	the	Snohomish	river	
delta	which	drains	directly	into	Puget	Sound.		The	area	around	the	Qwuloolt	project	site	
was	historically	a	tidal	marsh.		At	what	was	known	as	the	Portinga	farm,	a	dike	was	
constructed	on	the	north	bank	of	Ebey	Slough	and	tidegates	were	installed	at	the	mouth	of	
Allen	and	Jones	Creeks,	and	a	series	of	ditches	were	dug	to	convert	the	land	to	pasture.		As	a	
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consequence,	the	dike	and	tidegates	prevented	tidal	access	to	the	historic	floodplain	which	
destroyed	the	estuary	marsh	habitat	and	restricted	salmon	and	other	estuarine‐dependent	
species	from	utilizing	this	highly	productive	environment.		This	project	specifically	
addresses	improving	the	marine	health	of	Puget	Sound	and	provides	critical	habitat	for	
several	listed	species	under	the	Endangered	Species	Act.	

The	Qwuloolt	Habitat	Restoration	Project	(QHRP)	offers	a	rare	opportunity	to	restore	a	
portion	of	the	important	estuarine	habitat	and	associated	functions.		Several	of	the	agencies	
involved	(USFWS,	NMFS,	WDOE	and	WDFW)	have,	as	part	of	their	mission,	goals	to	restore	
important	habitat	and	associated	flora	and	fauna.		The	Corps	544	program	also	allows	
federal	participation	in	projects	and	activities,	which	have	“immediate	and	substantial	
ecosystem	restoration,	preservation	and	protection	benefits”	(Dawson	2003).		The	overall	
restoration	effort	was	originally	started	as	a	result	of	a	Natural	Resource	Damage	
Assessment	(NRDA)	for	the	Tulalip	Landfill	remediation.		The	Natural	Resource	Trustees	
(Tulalip	Tribe,	NMFS,	USFWS,	and	WDOE)	were	looking	for	a	project	that	would	provide	
some	of	the	lost	trust	resources	as	a	result	of	release	of	hazardous	chemicals	from	the	
former	landfill.		But	the	project	soon	changed	into	something	larger	as	additional	partners	
and	grants	became	available	(such	as	Wetland	Reserve	Program,	Coastal	Grants,	
Washington	State	Salmon	Restoration	Fund,	and	NOAA	stimulus	funds).	

The	non‐federal	sponsor	is	The	Tulalip	Tribes	of	Washington,	and	per	federal	regulations,	
will	be	responsible	for	funding	100	percent	of	the	costs	associated	with	operation,	
maintenance,	repair,	replacement,	and	rehabilitation	(OMRR&R)	of	the	cost	shared	project.	

2.3 Purpose		

The	overall	purpose	of	the	Qwuloolt	project	is	to	restore	the	natural	resources	of	the	
former	estuarine	marsh	to	as	close	to	pre‐settlement	conditions	as	possible.		To	achieve	
this	purpose	requires	restoration	of	historic	hydrologic	processes	and	functions	such	as	
tidal	exchange,	tidal	channel	formation	and	migration,	deposition	and	marsh	plain	
development	and	other	associated	functions.		By	restoring	the	historic	tidal	regime	to	the	
site,	the	following	project	objectives	will	also	be	accomplished.			
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2.4 Goal		

The	goal	of	the	QHRP	and	the	overall	restoration	efforts	is	to	restore	tidal	processes	to	400	
acres	of	currently	fallow	pasturelands.		This	will	improve	local	streams	and	wetlands	for	
fish	such	as	threatened	Chinook	salmon,	bull	trout,	and	steelhead.		Fish	will	also	be	able	to	
access	the	project	area	for	refuge,	feeding,	and	spawning.			

2.5 Federal	Interest		

All	of	the	project	partners	involved	in	the	overall	restoration	effort	understand	that	the	loss	
of	historic	estuarine	habitat	has	had	a	profound	effect	on	the	ecological	health	of	the	
Snohomish	River	basin	and	Puget	Sound,	as	a	whole.		With	the	loss	of	habitat,	there	has	
been	a	marked	decline	in	many	of	the	species	that	are	dependent	on	estuaries	for	a	portion	
of	their	life.		This	decline	has	been	so	precipitous	that	several	species	have	been	listed	
under	the	Endangered	Species	Act	(species	such	as	steelhead,	Chinook	and	bull	trout)	over	
the	last	several	years.		There	is	also	recognition	that	estuaries	provide	a	wide	variety	of	
resources	and	functions	to	the	fauna	and	flora	of	the	Northwest,	beyond	endangered	
species	support,	which	have	inherent	cultural	benefits,	as	well.		This	project	looks	to	
restore	both	hydrologic	and	geomorphic	processes	to	the	site.			The	project	is	part	of	the	
overall	Puget	Sound	Initiative,	and	is	in	the	Federal	Interest.	

3.0 SUBSURFACE	EXPLORATIONS	AND	LABORATORY	TESTING		

3.1 Subsurface	Explorations	

The	Subsurface	exploration	program	for	the	project	consisted	of	borings,	cone	penetration	
tests	(CPTs)	with	dissipation	tests,	and	test	pits	along	and	near	the	new	levee	alignment,	
and	near	the	proposed	Ebey	Slough	levee	breach	and	the	southeast	portion	of	the	
Marysville	sewage	lagoon	levee.		The	subsurface	explorations	and	testing	at	the	Qwuloot	
Project	site	were	performed	between	2004	and	2011	by	Shannon	and	Wilson,	Inc.,	Seattle,	
Washington,	and	Kleinfelder,	Bellevue,	Washington,	under	contract	to	the	Tulalip	Tribe.		
Investigation	of	the	borrow	source	for	the	new	levee	embankment	fill	was	conducted	in	
2011	by	Kleinfelder	under	contract	to	the	Tulalip	Tribe.		Copies	of	these	reports	are	in	
Appendix	A.		The	USACE	utilized	the	soil	and	geotechnical	analytical	laboratory	analyses	in	
these	reports	for	the	development	of	the	new	levee	design.	
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3.2 Laboratory	Testing	

Geotechnical	analytical	laboratory	testing	performed	on	soil	samples	collected	during	the	
subsurface	exploration	program	included	visual	classification,	moisture	content	
determinations,	grain	size	analyses,	hydrometer	analyses,	fines	content	determinations,	
Atterberg	limits	tests,	organic	content,	Unconsolidated	Undrained	(UU)	and	Consolidated	
Undrained	(CU)	Triaxial	tests,	and	consolidation	tests.		The	laboratory	tests	were	
conducted	to	evaluate	index	and	engineering	properties	of	the	soils.						

4.0 GEOLOGY	AND	SUBSURFACE	CONDITIONS	

4.1 Regional	Geologic	Setting	

The	Qwuloolt	Project	is	in	the	Puget	Sound	Lowland.		The	Lowlands	was	modified	by	
Pleistocene	glacial	activity	that	carved	deep	troughs	and	left	numerous	elongated	lakes	and	
stream	channel.		The	glaciers	deposit	this	and	extensive	deposits	of	unconsolidated	to	
consolidated	sand,	silt,	gravel,	and	clay.		Coastal	and	stream	erosion,	landslides,	
earthquakes,	and	human	development	activities	have	modified	the	local	geology.			

4.2 Local	Geology	

The	site	is	boarded	by	high	bank	areas	underlain	by	glacial	till	on	the	north	and	east	sides	
of	the	Project.		The	Marysville	sewage	lagoon	levee	is	on	the	west	side	of	the	Project.		The	
southern	end	of	the	project	is	separated	from	Ebey	Slough	by	the	Ebey	Slough	levee.		The	
Qwuloot	Project	is	underlain	by	recent	alluvium	composed	of	clay,	silt,	peat,	sand,	and	
gravel.		This	alluvium	is	at	least	100	feet	thick.		The	depth	to	groundwater	varies	from	five	
feet	below	the	ground	surface	in	the	summer	to	the	surface	in	the	winter	months.		The	site	
ranges	in	elevation	from	3	to	9	feet	above	mean	seal	level	and	is	generally	flat.			

4.3 Project	Site	Subsurface	Conditions	

Our	understanding	of	the	project	site	subsurface	conditions	is	based	on	soil	units	
encountered	in	the	recent	subsurface	explorations	and	described	in	logs	of	previous	
subsurface	explorations	that	we	reviewed	within	the	project	area.	
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4.3.1 Soil	Conditions	

In	general,	subsurface	conditions	within	the	project	area	are	consistent	with	the	
geologic	history	of	the	area.		Based	on	site	reconnaissance,	review	of	information	
from	previous	geotechnical	studies,	and	recent	exploration	and	laboratory	test	
programs,	we	conclude	that	to	the	depth	of	interest	for	the	proposed	work,	the	
project	site	is	underlain	by	very	soft	to	soft	organic‐rich	clayey	silt	and	pockets	of	
peat,	which	overlies	thick	alluvial	deposits	composed	of	loose	to	medium	dense	silty	
sand.		Sheets	B‐201	and	B‐202	of	the	plan	set		represent	our	interpretation	of	the	
geologic	subsurface	conditions	along	the	proposed	levee	alignment.			

5.0 DESIGN	CRITERIA	AND	ENGINEERING	ANALYSIS	

The	following	sections	present	our	analyses	criteria,	results	of	our	geotechnical	
engineering	studies,	and	our	geotechnical	recommendations	for	the	design	and	
construction	of	the	proposed	new	levee	embankment	.			

5.1 Seismic	Design	Criteria	

The	guidelines	for	seismic	stability	evaluation	of	USACE	levees,	USACE	2011,	indicate	that	
seismic	degradation	of	levees	subject	to	continuous	water	retention	located	in	a	seismically	
active	area	and	founded	on	potentially	liquefiable	soils,	consists	primarily	of	cracking	and	
lateral	spreading,	which	can	be	repaired	before	becoming	a	threat	to	the	overall	stability	of	
the	levee,	if	the	coincident	water	level	was	relatively	low,	so	neither	overtopping	nor	
internal	erosion	occurred.		If	coincident	water	was	relatively	high	during	the	design	
earthquake,	major	slumping	and	breach	of	the	levee	could	occur.	

5.1.1 Ground	Motions	

We	evaluated	the	design	ground	motion	at	the	project	site	using	the	Probabilistic	
Seismic	Hazard	Analysis	(PSHA)	which	incorporates	the	frequency	of	occurrence	of	
earthquakes	of	different	magnitudes	on	various	seismic	sources,	the	uncertainty	of	
the	earthquake	locations	on	the	sources,	and	the	ground	motion	prediction,	
including	its	uncertainty.		We	used	the	most	recent	ground	motion	prediction	
equations	published	in	the	USGS’	Interactive	Deaggregation	(2008)	online	tool.			
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According	to	the	guidelines	for	seismic	stability	evaluation	of	USACE	levees,	USACE	
2011,	we	performed	the	evaluation	based	on	a	108‐year	return	period,	which	
corresponds	to	a	probability	of	exceedance		of	50%	in	75	years	according	to	USACE	
ER	1110‐2‐1806	(USACE,	1995).		The	resultant	Peak	Ground	Acceleration	(PGA)	and	
earthquake	magnitude	are	0.18g	and	6.6,	respectively.		Based	on	standard	
penetration	test	(SPT)	N	values	and	limited	shear	wave	velocity	testing	at	the	site	
(evaluated	at	<600	ft/sec	for	the	upper	100	feet),	the	site	is	class	is	E.		The	output	
from	the	USGS	deaggregation	tool	is	presented	in	Appendix	E.	

5.1.2 Earthquake‐induced	Geologic	Hazards	

Earthquake‐induced	geologic	hazards	include	liquefaction,	lateral	spreading,	
settlement,	ground	surface	fault	rupture,	and	slope	instability.		The	following	
sections	present	our	evaluation	of	potentially	significant	geologic	hazards	at	this	
site.	

5.1.2.1 Liquefaction		

Liquefaction	is	an	earthquake	hazard	associated	with	sites	where	the	
subsurface	typically	consists	of	loose,	saturated,	cohesionless	(granular)	
soils.		The	liquefaction	potential	of	a	soil	primarily	depends	on	its	gradation	
and	density,	and	the	intensity	and	duration	of	ground	shaking.		Relatively	
clean,	sandy	soil	with	low	fines	content	is	known	to	be	potentially	liquefiable	
depending	upon	its	density	(Seed	and	Idriss,	1971).		Silts	with	low	plastic	
index	(PI)	values,	like	those	encountered	in	the	project	area,	are	subject	to	
liquefaction.		

An	important	factor	in	liquefaction	analyses	is	the	percent	fines	(percent	of	
soil	by	weight	smaller	than	0.075	millimeter	or	a	No.		200	sieve)	of	the	soil	
deposit,	and	the	PI	value,	when	applicable.		Grain	size	analyses	and	Atterberg	
limits	were	used	to	estimate	these	properties	for	the	subsurface	soils	at	the	
site.		Where	laboratory	tests	were	not	performed,	soil	samples	were	
compared	with	samples	that	were	tested,	and	the	fines	content	and	PI	were	
estimated.			
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For	the	liquefaction	analysis,	the	most	widely	used	methods	are	based	on	
correlations	between	SPT	N‐value.		Three	methods	were	used	to	evaluate	
liquefaction	potential	at	the	levee	site;	Youd	and	others	(2001),	Seed	and	
others	(2003),	and	Idriss	and	Boulanger	(2006).		Liquefaction	analyses	were	
performed	using	the	above	PGA	and	earthquake	magnitude		

A	predominantly	very	soft	to	soft	silt	layer	is	present	beneath	the	proposed	
levee	alignment.		The	silt	layer	is	underlain	by	a	loose		to	medium	dense	silty	
sand	layer.		Liquefaction	susceptibility	was	evaluated	using	SPT	N‐	values	
and	laboratory‐measured	soil	fines	contents	using	an	in‐house	developed	
spreadsheet	Liquefaction	analyses	were	performed	on	thirteen	(13)	borings	
drilled	at	the	project	site	along	the	proposed	levee	alignment.	The	analyses	
showed	that	most	of	the	30	–foot	thick	soft	silt	layer	underlying	the	project	
site	is	potentially	liquefiable	with	a		factor	of	safety	(FOS)	of	less	than	1.0	
against	liquefaction	under	the	design	ground	motion,	suggesting	liquefaction	
or	elevated	pore	pressure	could	develop	in	these	layers.		Post‐liquefaction	
settlement	estimates	indicate	possible	settlements	of	up	to	10	inches.		These	
values	should	be	considered	estimates	of	post‐earthquake	ground	behavior.		
The	results	showing	the	FOS	against	liquefaction	for	the	13	analyzed	borings	
are	presented	in	Appendix	E.			

5.1.2.2 Lateral Spreading 

The	reduction	of	soil	shear	strength	due	to	liquefaction	combined	with	
relatively	low	static	shear	stresses	in	a	soil	may	cause	significant	permanent	
lateral	ground	deformations	on	gently	sloping	ground	or	on	level	ground	
adjacent	to	a	“free	face”	(e.g.,	river,	channel,	or	waterway).		The	levee	site	is	
not	on	or	near	gently	sloping	ground	or	next	to	a	free	face;	therefore,	
spreading	is	not	deemed	a	significant	seismic	hazard	at	this	site.	

5.1.2.3 Ground	Settlement	

	 Loose,	granular	soils	that	are	susceptible	to	liquefaction	are	also	susceptible	
to	earthquake‐induced	densification.		The	resulting	permanent	ground	
surface	settlement	may	not	occur	uniformly	over	an	area,	and	the	differential	
settlement	can	damage	existing	or	future	structures	supported	on	the	loose	
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soil.		Without	considering	ground	improvement,	liquefaction‐induced	
settlement	of	the	site	soil	could	range	between	10	and	20	inches.	 	

5.1.2.4 Ground	Fault	Rupture	

Although	faults	are	often	shown	as	lines	on	maps,	surface	fault	rupture	
typically	occurs	in	a	zone	near	a	mapped	fault.		For	the	distance	of	the	project	
site	from	the	mapped	faults	and	the	postulated	return	period	of	ground‐
rupturing	earthquakes	on	the	order	of	at	least	a	few	thousand	years,	the	
potential	for	surface	fault	rupture	within	the	area	of	the	proposed	new	levee	
during	the	design	life	of	the	bridge	is	relatively	low.			

5.1.2.5 Slope	Instability	

Ground	acceleration,	ground	shaking,	and	liquefaction‐	induced	reduction	in	
soil	strength	,	can	all	contribute	to	slope	instability.		The	results	of	the		slope	
stability	analyses	conducted	for	this	project	are	discussed	in	Section	6.1.	The	
results	showed	that		embankment	instability	during	and	post	a	seismic	event	
is	a	potential	hazard.	The	new	levee	embankment	does	not	meet	the	
minimum	required	FOS	for	seismic	and	post‐seismic	loading	without	a	
mitigation	measure.		

5.2 Slope	Stability	

Global	stability	analyses	were	performed	for	short‐term	(end	of	construction),	static,	
steady	state	seepage,	rapid	drawdown,	pseudo‐static,	and	post‐seismic	(liquefied)	loading	
conditions.		Slope	stability	of	the	proposed	levee	embankment	was	evaluated	at	three	
representative	sections	along	the	levee	alignment	with		different	heights;	8,	10	,and	15	feet	
and	different	long	term	configurations	as	explained	in	Section	52.2.	in	accordance	with	
USACE	Design	and	Construction	of	Levees,	Section	6‐5	(USACE,	2000):	

(1) End	of	construction.		Undrained	shear	strength	parameters	were	used	for	the	
soft	silt	layers	and	effective	strength	parameter	for	the	underlying	sand	layer.		
This	condition	requires	a	minimum	FS	of	1.3.	It	should	be	noted	that	due	to	
surcharge	configuration,	constructed	slopes	for	all	three	sections	ar	
approximately	2H:1V.	The	northern	8‐foot	high	section	is	not	analyzed	for	this	
case.		
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(2) Steady‐state.		This	condition	represents	the	long‐term	stability	where	the	
water	level	on	the	levee	embankment	is	at	the	design	high	water	level	(10‐year	
event).		Effective	soil	strength	parameters	were	used	for	the	foundation	soils.		
A	second	long	term	static	condition	was	evaluated	at	the	MHHW	level	for	
comparison	with	the	seismic	case.	This	condition	is	applicable	to	the	landside	
slope,	the	minimum	required	FS	is	1.4	according	to	EM	1110‐2‐1913:	USACE	
Design	and	Construction	of	Levees,	Table	6‐1b	(USACE,	2000).	

(3) Rapid	drawdown.		The	water	level	was	assumed	to	drop	instantaneously	
from	the	10‐year,	0.1	annual	chance	exceedance	(ACE)	design	water	surface	
elevation	to	the	natural	ground	surface.		This	condition	is	applicable	to	the	
waterside	slope.		Effective	soil	strength	parameters	were	used	in	the	analysis.		
For	this	condition,	the	minimum	required	FOS	is	1.0	or	1.2,	according	to	USACE	
(2000),	for	the	cases	where	water	levels	are	expected	to	persist	for	short	
periods	or	long	periods,	respectively.		It	is	assumed	that	the	retained	water	
affected	by	the	tidal	fluctuations	would	prevent	high	water	from	loading	the	
embankment	for	extended	periods	of	time.	Therefore,	a	FOS	of	1.0	was	
considered.			

(4) Seismic.		Two	seismic‐related	loading	conditions	were	considered.	The	first	is	
a	pseudo‐static	case	applying		a	horizontal	coefficient,	kh,	of	0.09	and	using	the	
long	term	soil	strength	properties.	The	Pseudo‐static	slope	stability	analysis	
was	performed	on	the	predefined	static	critical	failure	surface.	The	second	case	
is	a	post‐liquefied	case	using	residual	shear	strength	of	the	foundation	soils.	
Internal	forces	were	not	included	when	considering	liquefaction	or	seismic‐
induced	soil	strength	degradation.	

Slope	stability	analyses	were	performed	using	Slope/W	2007	V.7.13	(Geo‐
Slope	International,	Ltd.,	2007).		The	FOSs	reported	are	calculated	using	the	
Spencer	method	which	satisfies	both	moment	and	force	equilibrium,	and	
considers	both	shear	and	normal	interslice	forces.			
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5.2.1 Soil	Strength	Parameters	

The	soil	strength	parameters	were	evaluated	based	on	exploration	data,	laboratory	
data,	empirical	relationships,	and	experience	with	similar	soil	types	of	the	region.			
Engineering	judgment	was	used	in	evaluation	of	the	design	undrained	shear	
strength	of	foundation	soils	as	obtained	from	laboratory	testing	as	the	confining	
pressures	used	in	CU	tests	were	in	some	cases	larger	than	actual	effective	stresses	
on	the	in‐situ	soil	samples.		When	there	was	a	need	for	an	increased	shear	strength	
during	construction	to	maintain	the	required	stability,	a	Stress	History	and	
Normalized	Soil	Engineering	Properties	(SHANSEP)	concept	was	used	to	estimate	
this	increase.	This	often	used	to	estimate	the	increase	in	undrained	shear	strength	
after	a	construction	lift	is	placed	and	the	layer	is	left	to	fully	or	partially	consolidate.		
The	SHANSEP	equation	uses	a	ratio	of	undrained	strength	and	effective	vertical	
stress	with	adjustment	factors	for	over‐consolidation	ratio	(OCR)	to	define	a	
relationship	between	undrained	strength	and	effective	vertical	stresses.		
Consolidation	tests	revealed	the	soil	to	be	classified	as	normally	consolidated.		
Therefore,	the	OCR	was	taken	as	1.0.		From	the	available	CU	tests,	a	literature	
review,	and	engineering	judgment	a	SHANSEP	ratio	value	of	0.3	was	used	to	
normalize	the	undrained	strength	for	in‐situ	effective	vertical	stresses.		These	in‐
situ,	undrained	shear	strengths	were	used	in	the	during‐construction	analysis	of	the	
levee	and	presented	in	Table	1.1.	
	
Analysis	of	the	levee	at	static	cases	incorporated	effective	stresses	of	the	foundation	
soils.		Soil	strengths	for	the	drained	effective	strengths	were	assigned	using	the	
effective	stress	shear	envelope	from	the	consolidated	undrained	(CU)	tests	
performed	on	selected	samples		and	using	values	published	in	literature	for	similar	
soils.		The	effective	strength	soil	parameters	are	referenced	in	Table	1.2.			

Based	on	the	liquefaction	analysis,	the	potentially	liquefiable	soils	were	determined	
to	either	perform	clay‐like	or	sand‐like.		Clay‐like	liquefiable	soils	were	assigned	a	
residual	undrained	strength	while	sand‐like	liquefiable	soils	were	assigned	a	
residual	friction	angle.	The	post‐seismic	residual	strength	for	liquefied		soils	are	
presented	in	Table	1.3.	
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5.2.2 Slope Stability Analysis 

The	global	stability	of	the	proposed	slopes	was	evaluated	for	the	levee	embankment	at	
three	representative	cross	sections.	The	three	sections	are	at	stations	3+50,	23+50	and	
37+50	representing	northern,	typical	and	southern	embankment	sections.	Table	2	
summarizes	these	stability	analyses	results.		To	mitigate	for	instability	due	to	liquefaction‐
induced	strength	reduction,	soil	reinforcement	is	recommended.			

The	presence	of	a	thick	organic	and	clayey	silt	layer	in	the	upper	30	feet	below	ground	
surface	requires	staged	construction	to	allow	the	silt	layer	to	consolidate	and	gain	strength.		
Soft	silt	in	its	in‐situ	state	has	low	undrained	shear	strength	(assumed	250	psf	in	the	upper	
15	feet	and	900	psf	in	the	lower	15	feet).		It	is	recommended	that	a	maximum	of	5	feet	of	fill	
be	placed	at	a	time.	To	make	use	of	the	gain	in	strength	in	the	consolidating	soils,	each	fill	
placement	should	be	followed	by	at	least	six‐week	waiting/settlement	period	before	
placing	additional	fill.		As	an	alternative	to	the	waiting/	settlement	periods	after	placement	
of	fill,	a	base	reinforcement	is	added	to	enable	placement	of	embankment	lifts	with	a	
satisfactory	FOS,	without	relying	on	strength	gain	from	soft	silt	consolidation.	The	
reinforcement	will	be	uniaxial	geogrids	with	a	minimum	allowable	strength	of	7,500	
lb/foot	placed	at	selected	number	of	layers	spaced	1	foot.	

A	settlement	monitoring	program	should	be	implemented,	and	if	the	results	of	the	
monitoring	program	indicate	that	about	90	percent	of	the	settlement	projected	to	occur	
under	the	applied	load	has	occurred,	the	next	construction	stage	may	begin	before	the	full	
six	weeks	have	elapsed.		Fills	should	be	placed	to	a	uniform	thickness	over	the	full	
alignment	length.		Uniform	fill	placement	will	reduce	the	potential	for	shear	or	horizontal	
movement	of	the	underlying	soft	silt.	

The	southern	section	approximately	350	linear	feet	of	levee	is	typically	15	feet	in	height	
and	will	require	four	(4)	layers	of	base	reinforcement.	Also	necessary	for	stability	are	at	
least	22.5	foot	wide,	four	foot	tall	(above	ground	surface),	stability	berms	created	from	the	
excess	surcharge	material	removed	after	foundation	consolidation.			

The	typical	10	foot	levee	section	requires	two	(2)	geogrid	layers	of	base	reinforcement	and	
10‐	foot	wide,	four	foot	tall	(above	ground	surface)	stability	berms.		The	northern	section	
approximately	900	linear	feet	of	levee	is	typically	8	feet	in	height	with	a	2H:1V	waterward	
slope	and	a	2.5H:1V	landward	slope.		Because	of	easement	restriction,	no	stability	berms	
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could	be	constructed	for	this	section,	instead	three	(3)	geogrid	layers	were	required	as	
base	reinforcement	for	stability.		The	northern	section	does	not	allow	for	placement	of	
stability	berms	due	to	unavailability	of	easement.		Typical	sections	of	the	levee	are	
provided	in	the	project’s	plans.	

5.3 Settlement		

Elastic,	consolidation,	and	secondary	compression	settlement	analyses	were	conducted	at	
representative	sections	based	on	available	subsurface	conditions	interpreted	from	
geotechnical	reports	and	proposed	levee	geometry.		For	the	consolidating	materials	along	
the	project's	alignment,	which	consist	primarily	of	very	soft	to	soft	organic	and	clayey	silt,	
vertical	settlement	analyses	were	performed	using	one‐dimensional	vertical	consolidation	
theory.	Consolidation	test	results,	CPT	dissipation	tests,	published	data,	and	in‐situ	test	
correlations	were	reviewed	and	used	in	selecting	settlement	properties.		Consolidation	test	
results	on	various	soil	samples	are	presented	in	Appendix	A.		Elastic	settlement	analyses	
for	non‐plastic	silt,	and	sand	and	gravel,	were	performed,	assuming:	

1. Post‐construction	settlement	within	levee	materials	would	be	negligible.				

2. Elastic	settlement	will	occur	relatively	quickly	(i.e.	settlement	should	occur	
essentially	as	the	load	is	applied).			

3. Secondary	compression	(creep)	will	start	after	95	percent	of	primary	consolidation	
has	occurred.	

Because	of	analysis	uncertainties,	settlement	estimates	indicate	likely	approximate	
settlement	magnitude	across	the	alignment.		Variations	in	the	assumed	subsurface	
stratigraphy,	estimated	consolidation	soil	properties,	and/or	assumed	construction	
sequencing	may	result	in	greater	or	less	than	actual	settlements.	

The settlement analyses considered multiple time stages to differentiate between the settlement 
that will occur during the construction phase and long-term post-construction settlement.  These 
stages were selected to satisfy construction requirement and time constraint during Year 1 of 
construction. This constraint does not ensure adequate time for excess pore water pressure 
dissipation and shear strength gains in the consolidating soil layers to support the new levee 
embankment.  As discussed in Section 5.2.2 inclusion of uniaxial geogrids allows construction to 
be completed within two construction seasons.   
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5.3.1 Soil	Parameters	for	Settlement	Analysis	

Elastic,	vertical	and	horizontal	consolidation,	and	secondary	compression	soil	
parameters	used	in	the	analyses	are	evaluated	on	site‐specific	subsurface	conditions	
(based	on	available	borings,	CPTs,	laboratory	consolidation	test	results,	field	
dissipation	test	results,	published	data,	and	appropriate	in	situ	test	correlations).			

Modulus	of	elasticity	values	were	estimated	based	on	field	Standard	Penetration	
Test	(SPT)	N‐values	and	CPT	tip	resistance	values.		Consolidation	settlement	
parameters	are	based	on	laboratory	one‐dimensional	consolidation	testing	data,	
correlations	with	Atterberg	limits,		in‐situ	CPT	testing,	and	published	data.		
Overconsolidation	ratios,	strain	compression	indices,	strain	recompression	indices,	
secondary	strain	compression	indices,	and	coefficients	of	consolidation	for	
individual	stratum	layers	were	all	evaluated.		Table	1.1	summarizes	the	soil	
parameters	used	in	the	settlement	analyses.	

5.3.2 Software	

The	commercial	software	Settle3D	developed	by	RocScience	(2008)	was	used	to	
estimate	embankment	settlement.		Specifically,	Settle3D	was	used	to	model	
Boussinesq	stress	distributions	for	complex	embankment	configurations	and	to	
estimate	the	elastic	and	time‐rate	primary	consolidation	settlement	estimates	for	
the	construction	sequencing.		Settle3D	uses	traditional	one‐dimensional	
consolidation	theory	to	calculate	settlement	along	user	defined	horizontal	lines	or	
discrete	points	at	various	depths.		Long‐term	settlement	was	analyzed	at	the	
location	of	maximum	primary	consolidation	settlement.					

5.3.3 Settlement	Mitigation	

Settlement	along	the	alignment	was	calculated	based	on	conditions	encountered	in	
representative	subsurface	explorations.		The	secondary	compression	rate	was	
evaluated	using	relationships	presented	in	Mesri	and	Fang	(1991),	and	estimated	
using	published	values	and	lab	data	as	presented	in	Appendix	A.			

To	mitigate	for	consolidation	settlement	and	reduce	post‐construction	settlement,	
we	are	recommending	overbuilding the embankment above the finish grade by the 
amount of settlement that is expected to occur in addition to preloading	with	
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approximately	3‐foot	surcharge	that	will	be	removed	in	Year	2	of	construction.	
Placing a surcharge fill is recommended to overconsolidate underlying compressible soil.  
The surcharge fill should remain in place until 95 percent primary consolidation has 
occurred in underlying compressible soil. The surcharge fill should be then removed 
down to the final top elevation.   

Transitions from thicker to thinner surcharge plus overbuild fills should be at a 20H:1V 
slope.  The full combined surcharge and overbuild fill should be constructed between the 
stations where the transition takes place as identified at later design stage.  The 20H:1V 
transition should occur over the adjacent stations that have thinner combined surcharge 
and overbuild fills.  Where no adjacent surcharge fills are recommended, the combined 
surcharge and overbuild fill thickness should taper down at 20H:1V to the top elevation.   

5.3.4 Settlement Analysis 

Settlement analyses estimated about18 to 24 inches of total settlement under the 
centerline of the levee embankment of 15-foot height, and 10 to 16 inches under a 10-foot 
high embankment. Ninety-five percent of this settlement is estimated to take place within 
two years of reaching the total height of the levee embankment Surcharging the 
embankments with overbuild fill placed to compensate for the expected settlement is 
recommended. The total fill height is about 20 feet for the 15-foot high embankment, and 
14 feet for the 10-foot high embankment.  The analyses results indicate that the 
application of the surcharge would reduce the secondary compression to less than 1.5 
inches in five years.  Settlement is expected during and after fill placement; therefore, the 
total thickness of the placed fill, and not simply the top of fill elevation, should be 
monitored.  Total	settlement	profiles	are	presented	in	Appendix	D	for	two	heights	of	
the	levee	embankment;	10‐ft,	and	15‐ft 

 

5.4 Erosion	Control	

Erosion protection measures should be applied to landside and waterside slopes to reduce erosion 
and shallow sloughing, and improve long-term stability of the slopes.  Riprap, aggregate 
surfacing, or appropriate vegetation could be used as erosion control measures.  
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5.5 Seepage	Analysis	

Underseepage	and	seepage	through	the	three	representative	levee	cross	sections	were	
estimated	using	methods	presented	in	USACE	manuals	(EM	1110‐2‐1913,	April	30,	2000;	
EM	1110‐2‐1901,	February,	2005).		This	analysis	was	accomplished	using	the	finite	
element	modeling	program,	Seep/W.			

The	levee	is	designed	to	detain	water	twice	a	day.	If	the	design	water	level	persists	for	a	
prolonged	period,	seepage	may	occur	through	and	underneath	the	levee.		The	foundation	is	
a	lower	permeability	clayey	silt	overlain	by	a	more	permeable	silty	sand	levee	
embankment,	thus,	making	through	seepage	more	probable.		The	most	significant	water	
head	on	the	levee	will	be	experienced	during	a	flood	event	coinciding	with	a	high	tide,	
which	is	evaluated	at	elevation	11.7	feet.	For	reference,	the	levee	crown	elevation	is	
designed	at	elevation	14.5	feet.	

The	horizontal	coefficient	of	hydraulic	conductivity,	Kh,	for	the	foundation	soils	is	assumed	
to	be		1x10‐6	cm/s,	and	was	selected	from	permeability	testing	of	the	in‐situ	soil.		The	
hydraulic	conductivity	of	the	levee	fill	material	is	assumed	to	be	5x10‐4	cm/s	and	was	
attained	through	grain‐size	analyses	using	correlations	and	empirical	equations,	as	well	as	
typical	values	based	on	soil	classification.		Prolonged	seepage	conditions	could	cause	piping	
of	the	silty	sand	levee	embankment	material.		However,	seepage	analysis	illustrates	that	the	
exit	gradients	experienced	at	the	landward	toe	of	the	levee	under	design	flood	steady	state	
seepage	conditions	are	not	conducive	to	seepage	or	piping.		Maximum	average	exit	
gradients	experienced	at	the	landward	toe	of	the	levee	were	less	than	0.2.	Therefore,	no	
seepage	mitigation	is	recommended	for	the	design.	Appendix	C	presents	the	results	of	the	
seepage	analyses.	

No	substantial	quantity	of	seepage	flux	is	expected	through	the	typical	levee	embankment	
section.		Flux	quantities	were	calculated	to	be	in	the	range	of	0.5	to	5	cubic	feet	per	day	per	
linear	foot	of	the	levee	embankment.		This	range	was	established	under	steady	state	
seepage	conditions	for	the	0.1	annual	chance	exceedance	(ACE)	design	flood	elevation.	
Sensitivity	analyses	were	incorporated	in	this	estimate	for	variation	in	hydraulic	
conductivity	of	the	borrow	material	since	permeability	testing	data	is	unavailable.		The	
seepage	quantity	is	heavily	dependent	on	the	hydraulic	conductivity	of	the	compacted	
borrow	source	fill.		
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The	analysis	performed	accounts	for	the	immediate	seepage	through	the	levee.		This	
analysis	does	not	include	large	scale	water	balance	and	ground	water	modeling.		The	
quantity	of	seepage	under	flood	loadings	is	calculated,	but	no	analysis	on	the	quality	of	the	
water	has	been	performed.		The	increase	in	the	salinity	of	the	groundwater,	due	to	the	
filling	of	the	project	with	brackish	water,	is	beyond	the	scope	of	this	analysis.	 	 		

6.0 CONSTRUCTION	CONSIDERATIONS	

General	construction	considerations	for	the	construction	of	the	Ebey	Slough	levee	breach,	
outlet	culvert,	and	storm	water	pond	are	presented	below.		The	project	is	designed	to	be	
completed	in	two	construction	seasons	due	to	the	weak	nature	of	the	native	soil.		Work	at	
the	site	is	only	possible	when	the	site	is	free	of	standing	water,	typically	from	June	to	late	
October	.		The	new	levee	with	surcharge	will	be	constructed	in	Year	1.		The	surcharge	will	
be	removed	from	the	new	levee	in	Year	2	and	used	to	construct	the	levee	stability	berms.		
The	Ebey	Slough	levee	breach,	storm	water	pond,	and	outlet	culvert	will	be	excavated	in	
Year	2.	

6.1 Year 1 Construction Efforts 

6.1.1 Temporary Storm Water Pond and Construction Drainage 

A temporary storm water pond and construction drainage ditches will be constructed to 
retain runoff from the Industrial area during Year 1.  Temporary backup pumps are 
recommended to be placed adjacent to the pond to pump runoff water over the new levee 
embankment to the restoration site in the event the runoff is greater than the pond 
capacity. 

6.1.2 New Allen Creek Channel 

The north portion of Allen Creek will be moved to a new channel east of the new levee 
footprint.  This effort will divert the creek to the restoration site and away from the levee 
construction area.  The water from Allen Creek will exit the restoration site through two 
existing tide gates in the Ebey Slough levee to the east of the south end of the new levee 
embankment. 
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6.1.3 New Channels and Habitat Berms 

New channels and habitat berms will be constructed to the east of the new levee 
embankment.  This work will be performed by the Tulalip Tribe and is not part of this 
design. 

6.1.4 Clearing and Grubbing 

Clearing	and	grubbing	will	be	performed	before	the	start	of	new	levee	construction.		
Tree,	brush,	and	debris	will	be	cleared	from	the	levee	alignment	to	a	distance	of	15	
feet	water	ward	and	landward	of	the	new	levee	toes.		Tree	stumps	and	roots	will	be	
grubbed.			

6.1.5 Levee Material 

Fill	for	the	new	levee	will	be	provided	by	the	Tulalip	Tribe	at	no	cost	to	the	
Government.		The	material	is	mostly	silt	with	sand.		This	soil	is	sensitive	to	moisture	
content	for	proper	compaction.		The	Tulalip	Tribe	will	process	and	transport	the	soil	
to	the	soil	stockpile	at	the	Qwuloolt	Project.			

6.1.6 Haul Roads 

Haul	roads	will	be	constructed	at	the	site	to	access	the	new	levee	and	breach	area.			
Temporary	haul	roads	should	be	constructed	of	ballast	underlain	by	a	geotextile	to	
prevent	loss	of	the	ballast	into	the	soft	soils	at	the	site.		These	roads	will	allow	
greater	ease	in	access	to	the	construction	areas.		The	roads	will	be	constructed	in	
Year	1	and	removed	in	Year	2.			

6.1.7 Staging areas 

Four	staging	areas	will	be	constructed	at	the	Project	(see	plans	for	locations).	Access	
from	the	southeast	end	of	the	site	is	required	to	allow	equipment	to	access	the	east	
side	of	the	Year	2	breach	excavation.	

6.1.8 Levee Excavation 

The	surface	of	the	soil	is	covered	with	one	to	two	feet	of	dense	grass	and	root	
vegetation.		The	material	will	be	stripped	to	a	depth	of	two	feet	below	ground	
surface	along	the	levee	alignment.		Excavated	material	will	be	disposed	of	to	the	east	
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of	the	new	levee	and	used	for	construction	of	other	restoration	berms.		This	material	
should	not	be	placed	on	the	west	of	the	new	levee	since	this	would	interfere	with	
site	access	and	construction	of	the	storm	water	pond.		The	excavation	must	be	
dewatered	before	the	placement	of	levee	foundation	material.	

6.1.9 Instrumentation 

Settlement	gages,	inclinometers,	and	vibrating	wire	piezometers	will	be	installed	in	
the	new	levee	excavation.		These	instruments	will	be	monitored	to	determine	total	
settlement,	lateral	soil	deformation,	and	pore	water	pressure	for	timing	of	levee	fill	
placement	and	for	estimation	of	total	surcharge	removal	after	Year	1	consolidation.	

Fill	settlement	should	be	monitored	to	evaluate	when	primary	consolidation	is	95	
percent	complete,	after	which,	surcharge	fills	can	be	removed	and	final	grading	can	
be	performed.		By	monitoring	the	fill	settlement,	the	surcharge	duration	can	be	
adjusted	from	the	estimated	times	presented	in	this	report.	This	degree	of	
consolidation	was	assumed	in	our	stability	analyses,	for	short‐term,	staged,	and	
long‐term	embankment	stability	and	in	providing	estimates	of	construction	stage	
and	post‐construction	settlement.			

Where	proposed	total	embankment	fill	thickness,	including	overbuild	fill	and	
surcharge	fill,	will	exceed	8	feet	in	height	from	foundation,	we	recommend	
monitoring	proposed	embankment	or	berm	construction	where	slope	stability	
analyses	show	low	factors	of	safety.				We	recommend	monitoring	using	
inclinometers,	settlement	measurement	systems,	and	vibrating	wire	piezometers	
installed	in	foundation	soil.		By	monitoring,	the	possibility	of	slope	failures	during	
construction	can	be	reduced.		In	other	projects,	a	displacement	ratio	(horizontal	
displacement	measured	with	an	inclinometer/vertical	settlement	measured	using	
settlement	plates)	has	been	used	to	assess	slope	stability.		Typically,	tangent	
displacement	ratios	less	than	0.4	indicate	the	embankment	is	stable.		Therefore,	a	
series	of	threshold	displacement	ratio	values	are	adopted	for	a	project,	e.g.:	

 <	0.2	–	No	construction	limitations	
 0.2	to	0.3	–	Increase	monitoring	frequency	
 0.3	to	0.4	–	Stop	fill	placement,	prepare	specific	action	plan	
 >	0.4	–	Implement	action	plan,	e.g.,	buttress	embankments,	remove	fill	
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6.1.10 Geotextile 

A	geotextile	will	be	placed	on	the	bottom	of	the	new	levee	excavation	to	serve	as	a	
separation	layer	between	the	levee	foundation	fill	and	the	native	soils.		The	
geotextile	will	reduce	loss	of	these	materials	into	the	soft	soil	at	the	site	during	
construction.			

6.1.11 Geogrid Reinforcement 

For	this	95	percent	design,	the	geogrid	considered	is	a	uniaxial	grid	with	long‐term	
design	strength	of	7,500	pounds	per	foot.		The	geogrid	will	aid	in	construction	of	the	
foundation	and	embankment	stability.		Two	lower	layers	of	geogrid	will	be	placed	
on	the	geotextile	in	the	new	levee	excavation	before	the	placement	of	foundation	fill.		
The	geogrid	layers	are	recommended	to	be	placed	in	1‐foot	lifts.	Slope	stability	
analyses	showed	that	4,	3	and	2	layers	of	geogrid	are	required	for	the	southern	,	
northern,	and	typical	section,	respectively.	The	Slope	Stability	section	6.1	describes	
geogrid	requirements	along	the	levee	embankment	in	more	details.	The	geogrid	
allows	the	construction	of	the	new	levee	embankment	and	surcharge	in	Year	1	and	
also	provides	satisfactory	performance	for	post	seismic	conditions.	

6.1.12 Excavation Roadway  

The	excavation	roadway	will	be	placed	on	the	lower	geogrid	layers	along	the	
centerline	of	the	new	levee.		This	roadway	is	required	to	improve	access	to	the	levee	
excavation	for	the	placement	of	the	levee	foundation	fill	and	for	equipment.		The	
roadway	will	be	2	feet	thick	and	20	feet.		The	roadway	will	be	left	in	place.	

6.1.13 Levee Excavation Select Fill 

Select	fill	will	be	placed	in	the	new	levee	excavation	on	both	sides	of	the	excavation	
roadway.		The	select	fill	will	isolate	the	roadway	and	reduce	possible	underseepage	
of	water	through	the	foundation.	

6.1.14 New Levee Embankment 

The	new	levee	embankment	will	be	constructed	in	lifts	to	an	elevation	of	18.5	and	
19.5	feet	(without	considering	of	settlement).		This	effort	will	include	the	placement	
of	the	surcharge	soil	load	and	result	in	quality	compaction	of	the	embankment	soils	
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at	the	edges	of	the	lifts	during	placement.		The	side	slopes	of	the	middle	and	south	
new	levee	embankments	will	be	1V:2H,	due	to	overbuilding	with	the	surcharge	soil.		
The	side	slopes	of	the	north	new	levee	will	be	1V:2H,	which	will	result	in	the	
extension	of	the	surcharge	fill	beyond	the	foot	print	of	new	levee	excavation.		These	
slopes	are	considered	the	maximum	slopes	possible	for	construction,	for	the	
minimal	desired	embankment	stability.	

6.1.15 Ebey Slough Levee Back Slope Reinforcement 

The	Ebey	Slough	levee	between	the	Marysville	Sewage	Lagoon	levee	and	the	south	
end	of	the	new	levee	embankment	will	be	reinforced	with	light	loose	riprap	to	
protect	the	levee	in	the	event	of	overtopping	by	flood	waters.		The	riprap	will	be	
placed	to	a	slope	of	1V:2.5H.		The	existing	tide	gate	inlet	will	be	extended	before	the	
riprap	is	placed.	

6.1.16 Erosion Protection 

The	new	levee	embankment	will	be	covered	with	at	least	1	inch	of	fibrous	
hydromulch,	straw,	or	other	appropriate	temporary	erosion	control	at	the	end	of	
Year	1	construction.		These	controls	will	protect	the	embankment	from	excessive	
erosion	by	precipitation	and	runoff	during	the	winter	months.			

6.1.17  Access Restriction 

Access	restriction	barriers	and	signage	will	be	required	to	reduce	public	access	to	
the	top	and	slopes	of	the	mulch	covered	embankment.		Disturbance	of	the	mulch	and	
embankment	by	humans	or	recreational	vehicles	could	result	in	local	areas	of	
erosion.		Monitoring	and	maintenance	of	the	mulch	will	be	required	until	the	start	of	
Year	2	construction.	

6.2 Year 2 Construction Efforts 

6.2.1 Surcharge removal 

The	surcharge	will	be	removed	in	Year	2.		The	surcharge	will	be	removed	to	the	
design	elevation	of	the	new	levee.		The	upper	side	slopes	of	the	south	and	middle	
new	levee	will	be	cut	to	1V:3H.		The	surcharge	material	will	be	used	to	construct	the	
levee	berms.		The	upper	one‐foot	of	native	soil	will	be	stripped	from	the	berm	
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footprint	before	the	placement	of	the	surcharge	material.		The	berms	are	required	
for	long	term	stability	and	are	an	economical	disposal	location	for	the	surcharge	
material.			All	surcharge	material	will	be	removed	from	the	north	new	levee	and	
used	as	fill	for	the	middle	new	levee	berms.		The	north	new	levee	side	slopes	will	be	
cut	to	1V:2H	on	the	waterward	side	and	1V:2.5H	on	the	landward	side.		This	is	the	
minimum	requirement	for	levee	slopes	in	Snohomish	County,	Washington.			

6.2.2 New Storm Water Pond 

The	new	storm	water	pond	will	be	installed	during	or	after	the	removal	of	the	
surcharge	from	the	new	levee	embankment.	

6.2.3 Outlet Culvert 

The outlet culvert will be installed in Year 2, after the soft soils under the new levee 
embankment have consolidated.  The outlet culvert will extend from the new stormwater 
pond to the new channel of Allen Creek and the culvert will pass under the new levee 
embankment.  This sequencing of construction is desired to reduce possible deformation 
of the culvert, if installed in Year 1, due to the load of the new levee embankment.  In 
addition, the consolidation of the soil under the new levee embankment will provide a 
stronger foundation for the outlet culvert.  The recommended backfill around the culvert 
is flowable earth fill.  This material will reduce seepage and will not require as much 
compaction effort as select fill.  

The new levee embankment would need to be removed to the foundation depth of the 
culvert along the culvert alignment.  The culvert would be constructed on existing soils 
and the new levee embankment would be reconstructed to a height of elevation 15 feet.  
Minor overbuild of the reconstructed section of the new levee may be required to account 
of additional settlement.  A geomembrane may be required on the water ward side of the 
reconstructed section of levee to reduce possible seepage through the newly placed fill in 
Year 2 when the Ebey Slough levee is breached and the restoration site will be inundated 
with water. 

An additional analysis of the culvert foundation is required for the 95 percent design 
effort.  It may be possible to install the outlet culvert in Year 1 if a concrete mat 
foundation and piles are used to prevent deformation of the culvert. 
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6.2.4 Slope Protection 

Portions	of	the	waterward	face	of	the	new	levee	will	be	protected	with	a	
combination	of	light	loose	and	a	custom‐graded	riprap	underlain	by	aggregate	filter	
layer	(filter	criteria	and	calculations	are	included	in	Appendix	C).		A	buried	toe	will	
be	installed	along	the	lower	slope	of	the	North	levee	section	adjacent	to	Allen	Creek.	
Specific	locations	to	receive	riprap	are	indicated	on	the	plans.			

6.2.5 New Levee Roadway 

The	new	levee	roadway	will	be	constructed	on	the	top	of	the	new	levee	after	the	
placement	of	the	slope	protection.		The	road	section	will	consist	of	6	inches	of	
crushed	aggregate	surface	course.		The	top	of	the	new	levee	will	be	sloped	at	2	
percent	before	the	placement	and	compaction	of	the	aggregate	products.	

6.2.6 Hydroseeding 

A	mixture	of	seed,	fertilizer,	and	mulch	will	be	spread	on	the	new	levee	slopes	and	
disturbed	areas	to	be	reclaimed.		The	desired	seed	mix	is	native	species	grasses.		
The	seed	mix	is	a	standard	Washington	State	Department	of	Transportation	
specification,	and	is	reproduced	in	the	project	SEEDING	specification	section.	

6.2.7 Fencing and Gates 

Fencing	may	be	required	to	restrict	access	to	the	new	levee	from	vehicles	and	
recreational	vehicles.		

6.2.8 Signage 

Signage	for	safety	and	interpretive	purposes	may	be	required.		

6.2.9 Tide gates 

The	existing	tide	gates	at	the	south	end	of	the	new	levee	embankment	will	be	closed.		
The	tide	gate	to	the	west	of	the	south	end	of	the	new	levee	will	remain	in	place	to	
provide	site	drainage	in	the	event	of	the	flooding	of	the	protected	area	to	the	west	of	
the	new	levee	embankment.			
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6.2.10 Ebey Slough Breach Excavation 

A	large	breach	will	be	installed	in	the	existing	Ebey	Slough	levee	at	the	end	of	Year	2	
construction.		The	excavation	will	be	advanced	to	the	south	towards	the	existing	
levee.		The	remaining	section	of	the	breach	between	the	restoration	site	and	Ebey	
Slough	would	be	removed	during	a	low	tide	cycle.	

6.2.11 Disposal of Excavated Material 

Excavated	material	from	the	levee	excavation	and	the	new	storm	water	pond	will	be	
placed	to	the	east	of	the	new	levee	embankment.		The	material	may	be	used	to	
construct	additional	habitat	berms	and/or	used	to	extend	the	levee	berms	into	the	
restoration	site	to	reduce	wave	run	up	on	the	new	levee	embankment.		Excavated	
material	from	the	breach	will	be	placed	on	the	landward	side	of	the	Ebey	Slough	
levee	in	the	breach	area.		Aggregate	materials	from	the	temporary	haul	roads	may	
be	used	to	provide	a	working	surface	and	erosion	protection	to	the	top	of	the	
lowered	section	of	the	Ebey	Slough	levee	at	the	breach	opening	and/or	as	erosion	
protection	to	the	material	excavated	from	the	breach.	

7.0 CONSTRUCTION	CHALLENGES	

7.1 North	Allen	Creek	Channel	

The north new levee is restricted in alignment due to property easement.  Due to the limited 
space for construction, the levee section was changed from having side slopes of 1V:3H to a 
waterward slope of 1V:2H and a landward slope of 1V:2.5H.  Levee berms will not be 
constructed along this section of the new levee.  The alignment was shifted to the east due to the 
easement limitations.  The east toe of the new levee currently extends over sections of the Allen 
Creek channel.  In addition, the adjacent property owner to the east of the new levee intends to 
raise a section of his property with fill.  The estimated distance between the east toe of the new 
levee embankment and the west toe of the fill is less than 100 feet.  Therefore, the area of the 
channel has been decreased.  Light loose riprap was selected as slope protection for the east 
slope of the north new levee to reduce the risk of scour of the embankment.  Riprap slope 
protection may also be required on the west slope of the new fill.   
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7.2 Trees at South end of New Levee Embankment 

A	stand	of	cottonwood	trees	exist	at	the	south	end	of	the	new	levee	embankment.		Red‐
tailed	Hawk	nests	are	present	in	the	branches	of	some	of	the	trees.		The	trees	may	be	
removed	after	the	fledglings	have	left	the	nest,	which	may	be	in	late	August.		The	south	end	
of	the	new	levee	would	be	constructed	in	September.		However,	there	are	on‐going	
discussions	about	keeping	the	trees	in	place.		In	this	case,	the	new	levee	embankment	
would	need	to	be	shifted	to	the	east.		This	option	would	reduce	the	area	of	the	restoration	
site.		However,	the	new	levee	alignment	should	not	be	shifted	to	the	west	since	it	will	
extend	over	the	former	environmental	cleanup	site.		Also,	the	City	of	Marysville	has	
expressed	concern	about	the	new	levee	connecting	with	the	sewage	lagoon	levee	due	to	
possible	damage	caused	by	differential	settlement	between	the	sewage	lagoon	levee	and	
the	new	levee.				A	final	decision	on	the	alignment	of	the	south	end	of	the	levee	must	be	
made	before	the	95	percent	design.	

7.3 Ebey Slough Breach 

The Ebey Slough breach and channel present challenges for excavation, safety, and release of 
turbid water from the site.  The soil at the breach location is expected to be very soft silt.  The 
excavation is expected to be filled with water on the landward side of the levee due to 
groundwater.  The removal of soil in-the-wet may result in excessive disturbance of the soil and 
generation of loose sediment in the excavation.  Excavated material may need to drain before it 
may be placed and shaped to grade at the disposal sites. 

The excavation may need to be dewatered to reduce sediment generation.  In this case, the side 
slope stability of the excavation may decrease due to the removal of the hydrostatic load of water 
in the excavation and slow drainage of groundwater from the soils into the excavation.  A 
minimum safe distance of 75 feet from the face of the excavation may be advanced towards to 
the levee has been indicated on the plans.    

The current desired approach to the levee breach is to complete the removal during a single low 
tide event.  The amount of material that will need to be removed in this effort depends on the 
safe distance the channel excavation may be advanced towards the landward side of the levee.   

Environmental requirements restrict the release of turbid water from the site.  It is likely that the 
breach will produce significant amounts of suspended sediment; however, inflow velocities have 
been calculated to be graeter than outflow velocities. Limiting excavation to periods of low slack 
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tide and rising tides should allow sediment to flow into the project site where it will settle, thus 
reducing turbidity into Ebey Slough.    

7.4 Marysville Sewage Lagoon Levee 

The existing Marysville sewage lagoon levee was constructed in the early 1960’s.  The levee and 
foundation soils are composed of silts and organic-rich soils.  Available geotechnical reports 
(Shannon& Wilson 2004) presented slope stability analyses for nearby sections of the levee. It is 
our professional opinion that distance between the sewage lagoon levee and this project is 
adequate to negate any potential adverse impacts on the static stability of the sewage lagoon 
levee. 

7.5 Residential Areas 

Residential areas exist to the east and north of the restoration site.  The Tulalip Tribe’s consultant 
has concluded that some infrastructure should be relocated, and the sponsor is taking steps to do 
so. 

7.6 Wet Weather and Wet Condition Considerations 

In the Puget Sound region, wet weather generally begins about mid-October and continues 
through about May, although rainy periods could occur at any time of the year.  Thus, it would 
be advisable to schedule earthwork during the drier weather months of June through September.  
Most of the soil at the site likely contains sufficient fines to produce an unstable mixture when 
wet.  Soil specified for construction of detention pond berms has high fines content.  Soil with 
fines contents higher than 5 to 8 percent is highly susceptible to changes in water content and 
tends to become unstable and difficult or impossible to compact if the moisture content 
significantly exceeds the optimum.  During wet weather months, the groundwater levels could 
increase, resulting in seepage into site excavations.  Performing earthwork during dry weather 
would reduce these problems and costs associated with rainwater, trafficability, and handling of 
wet soil.  Placing and compacting fill for the new levee may not be practicable during wet 
weather.   

8.0 PLANS REVIEW AND CONSTRUCTION OBSERVATION 

We recommend a Professional Geotechnical Engineer be retained to review those portions of the 
plans and specifications pertaining to foundations and earthwork to evaluate whether they are 
consistent with our recommendations contained in this report.  We also recommend that a 
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licensed engineer be retained to observe the geotechnical aspects of construction.  This 
observation will allow us to evaluate the subsurface conditions as they are exposed during 
construction, and to evaluate that the work is accomplished in accordance with to the 
recommendations included in the report.  Scope of services should include observing earthwork 
construction, placement and compaction of embankment fill, and accomplishing other 
geotechnical related earthwork activities. 

9.0 LIMITATIONS OF THE GEOTECHNICAL REPORT 

The recommendations in this report are based on the best information available at the time 
preparation.  Site soils may vary between subsurface explorations.  The Contractor should 
immediately contact the USACE geotechnical designers in the event subsurface conditions are 
different from those assumed in this report. 
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U.S. Army Corps of Engineers  - Seattle District

Loading
Unloading/ 
Reloading Loading

Unloading/ 
Reloading Loading

Unloading/ 
 Reloading

Upper Clayey Silt 0 15 15 95 250 - - - 1 0.4 0.04 0.25 0 0.012
Lower Clayey Silt 15 30 15 105 900 - - - 1 0.25 0.025 0.1 0 0.008
Silty Sand 30 50 20 115 - 28 150 300 - - - - - -

Upper Clayey Silt 0 15 15 95 28 1.E-06 1
Lower Clayey Silt 15 30 15 105 25 1.E-06 1
Silty Sand 30 50 20 115 28 1.E-03 1
Levee Embankment (SM)  - - - 115 32 5.E-04 1
2” Minus Gravel - - - 130 38 1.E-02 1
Quarry Spalls - - - 130 38 1.E-01 1
Class II Riprap - - - 135 45 1.E-01 1

Hydraulic 
Conductivit

y (cm/s)
Kh/Kv 
Ratio 

TABLE 1.2
ESTIMATED EFFECTIVE STRENGTH  AND HYDRAULIC PROPERTIES

Undrained 
Shear 

Strength 
(psf)

Internal 
Friction 
Angle 

(degrees)

Bottom 
Depth (ft)

Thickness 
(ft)

Unit Weight 
(pcf)

Internal 
Friction 
Angle 

(degrees)

CSoil Type1
Top 

Depth (ft)
Bottom 

Depth (ft)
Thickness 

(ft)

TABLE 1.1
ESTIMATED IN-SITU FOUNDATION SOIL PROPERTIES FOR SETTLEMENT AND SLOPE STABILITY

Unit Weight 
(pcf)

Soil Type1
Top 

Depth (ft)

CcElastic Modulus (ksf)
Cv

 (ft2/day)

OCR

Liquefiable Clay-like Behavior Silt 0 10 15 95 50 -
Liquefiable Sand-like Behavior Silt 10 25 15 105 - 8

ft = feet
ksf = kips per square foot
OCR = overconsolidation ratio
pcf = pounds per cubic foot
cm = centimeters
s = second

TABLE 1.3
ESTIMATED LIQUEFIED  RESIDUAL STRENGTH OF FOUNDATION SOILS

Top 
Depth (ft)

Bottom 
Depth (ft)

Thickness 
(ft)

Undrained 
Shear 

Strength 
(psf)

Internal 
Friction 
Angle 

(degrees)Soil Type1

Note: Soil type names in parentheses are the names of the soil unit layers in the slope stability and seepage analyses

Unit Weight 
(pcf)

Soil _properties.xls  
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1st Lift1 2nd Lift1 3rd Lift1
Surcharge 
Load2

Static 
Slope 

Stability3

Long Term 
(Steady 
Seepage)4

Rapid 
Drawdown

Pseudo‐
Static5

Post‐
Seismic6

1.3 1.3 1.3 1.3 1.3 1.4 1.0 ‐ 1.2 1.1 1.1

Levee Height 
(foot)

Station Geogrids

Yes N/P N/P N/A N/P 1.1 7

No N/P N/P N/A N/P 0.3 7

Yes 2.1 1.5 N/A 1.3 1.4 1.1

No 1.5 1.0 N/A 0.9 1.1 0.7

Yes 2.5 1.8 1.5 1.4 1.2 1.2

No 1.6 1.0 0.8 0.8 1.0 0.7

* Minimum failure surface depth considered is 3 feet

N/P
N/A Not Applicable

1

2

3

4 Long term steady seepage analysis incorporates 10‐year flood water elevation of 11.7 feet
5

6

7
8

Static slope stability analysis incorporates MHHW at about elevation 9‐feet

Pseudo‐static analysis incorporates a 0.09g (1/2 PGA)horizontal seismic coefficient and using the predetermined failure surface from the static stability 
analysis.

Post‐seismic case incorporates resiudal liquefied strengths of the foundation soils based on the liquefaction analysis.
The minimum of either landward slope (1V:2.5H) or riverward slope (1V:2H)
Failure surface with min FOS passes through embankment

3+50

37+50

 The analysis was performed based on a pre‐consoldiation strength properties of the foundation soils asuming the presence of a geogrid 
reinforcement layer(s)at the bottom of the levee embankment. More details are presented in the text.

Surcharge load applied to the constructed levee assumes a degree of consolidation of the foundation achievable from the construction sequence plan. The 

Not performed as results are expected to meet min FOS

1.4 7,81.6 7,8

1.2 8

1.4 8

TABLE 2
SUMMARY OF SLOPE STABILITY RESULTS

During Construction Long Term  Seismic

Minimum Factor of Safety*
Min FOS

8

10

15

1.6 7,8 1.2 7,8

23+50 1.4 8

2.1 8 1.5 8

1.7 8
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