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EXECUTIVE SUMMARY
PROJECT AND STUDY DESCRIPTION
The Smith Island Estuarine Restoration project proposes to construct a new setback dike on the west side
of Smith Island, in the Snohomish River estuary, and to breach two sections of existing dike along the
Union Slough side of the island. The project will restore 400 acres of tidal marshlands that provide critical
habitat for endangered Chinook salmon and other salmon species. Upon project completion, water from
Union Slough will flow into the project area twice a day during high tide cycles. At its highest point, the
water will lap against the new dike; during low tides, water will remain only in site channels.
Public concerns have been raised about whether the estuary water flowing over the site would increase
salinity in groundwater and soil on adjacent agricultural lands. This saltwater impact study examined
existing salinity levels in the project area and evaluated how the project would affect them. The study was
conducted to address the following specific issues:
•

Will the project impact agriculture by increasing salinity levels in soils or in shallow
groundwater used by plants?

•

Will the project increase salinity levels in water from the well at Hima Farms, which is on
property adjacent to the project site?

•

Will the project impair Hima Farms’ ability to use groundwater throughout its property?

The evaluation involved review of previous studies, new data collection, and computer modeling.

ASSESSMENT OF EXISTING CONDITIONS
The following are key findings of the examination of existing conditions in the project area:
•

Analysis of the top layer of soils and geology at the site indicates poor drainage capabilities
and high levels of salinity and minerals which can be problematic for some plants.

•

Groundwater at the site lies in an aquifer composed of sandy sediments, from about 20 feet
below the ground surface to about 65 feet below ground. Groundwater moves freely within
these sands, both horizontally and vertically. However, water movement between the surface
and the aquifer is highly restricted by low-permeability organic silt, silt, and clayey silt in the
top 20 feet of sediment.

•

Analysis results indicate significant saltwater intrusion throughout the water column in the
main aquifer at locations throughout the project site. Groundwater within the main aquifer at
the site has salinity approaching that of Puget Sound saltwater and electrical conductivity
levels (an indicator of salinity) that far exceed the levels of typical freshwater.

•

The driller’s logs for two wells on the Hima Farms property indicate that chemical analysis
found saltwater with iron. There is no record of pumping from either well since their
completion.

•

Monitoring in 2011 of surface waters around Smith Island found highest salinity levels in the
Snohomish River main stem on the west side of the island and lowest levels at upstream
locations on Union Slough, on the east side. Salinity increases moving downstream on Union
Slough, but remains lower than in the Snohomish River main stem. Previous studies reviewed
for this analysis also found similar existing salinity levels in surrounding surface waters.
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POTENTIAL PROJECT IMPACTS
A 2007 modeling study evaluated the effect on tides, flow velocity and salinity of the Smith Island
Restoration project combined with an adjoining project, the City of Everett’s Union Slough Restoration
project. The modeling predicted no significant increase in salinity in surface waters due to these projects
at three stations in Union Slough, one each in Ebey Slough, Steamboat Slough and the main Snohomish
River channel.
Groundwater modeling performed for the current saltwater impact study evaluated groundwater flow
pathways to one of two wells on the Hima Farms property. The following are key findings:
•

For existing conditions, 82 percent of water drawn by the well would come from the
Snohomish River main stem and 18 percent would come from Union Slough,

•

With the dikes breached the portion of water drawn by the well coming from Union Slough
would increase to 28 percent.

Because the dike breaches would increase the portion of groundwater at the Hima well that comes from
Union Slough relative to water from the higher-saline Snohomish River, the proposed project is projected
to slightly reduce the groundwater salinity at the well location.
Water levels will be above the toe of the proposed new setback dike approximately 60 percent of the time.
Without protective measures to prevent seepage through the dike, drainage problems could occur on the
landward side of the dike. Engineering design criteria for the setback dike call for a low permeability core
to minimize seepage between the dike and underlying ground. The potential for soil damage from dike
overtopping will be unchanged from existing conditions, as the proposed levee will be at the same
elevation as the existing dike or slightly higher. Only during extreme river floods, when the water is
primarily low-salinity flow from the upstream watershed, would water levels approach the top of the
levee.

CONCLUSIONS
The evaluations conducted for this study found that soils, geology, groundwater and surface waters on
and around the Smith Island project site already experience high levels of salinity, due to the estuarine
nature of this location. The proposed project, which will allow waters from Union Slough to flow over the
land surface of the project site, is not expected to have any negative salinity impact on surrounding
properties for the following reasons:
•

The top 20 feet of sediments consists mostly of relatively low permeability organic silt, silt,
and clayey silt that greatly restrict water movement between the surface and the underlying
aquifer.

•

The new setback dike will be designed with low permeability core to inhibit Union Slough
water from seeping through the dike to adjoining properties.

•

Any water that overtops the new setback dike will have very low salinity because it will
consist primarily of runoff floodwaters from upstream in the Snohomish River watershed.

•

Inundation of the project area with water from Union Slough is predicted to increase the
contribution of Union Slough to withdrawals at the Hima well relative to the contribution
from the Snohomish River main stem. This would reduce the salinity of withdrawals from the
well because Union Slough water has lower salinity than water in the main stem.
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CHAPTER 1.
INTRODUCTION
1.1

BACKGROUND

1.1.1 Smith Island Restoration Project
The Smith Island Estuarine Restoration project proposes long-term conservation of a 400-acre site on an
island in the Snohomish River estuary owned by Snohomish County and the City of Everett. Figure 1
shows the location of the project site, which has been impacted by historical logging and diking for
agricultural use. The purpose of the project is to restore estuarine tidal marshlands that provide critical
habitat for Chinook salmon listed as endangered under the federal Endangered Species Act, as well as
other salmon species in the Snohomish River basin.
Snohomish County proposes to restore tidal marsh conditions by constructing a new setback dike on the
west side of the site and breaching two sections of the existing Diking Improvement District No. 5 dike
along Union Slough (see Figure 2). The restoration project will contribute significantly toward achieving
salmon recovery benchmarks identified in the Puget Sound Salmon Recovery Plan, the Puget Sound
Action Agenda, the Snohomish River Basin Salmon Conservation Plan, and the Snohomish River Basin
Three-Year Work Plan.

1.1.2 Saltwater Impact Study
During the environmental review process for the proposed project, concerns were raised about the
potential for the project to cause increased salinity levels in nearby groundwater and soils and thus
damaging adjacent land used for agriculture. This study examines existing conditions related to saltwater
influence on properties surrounding the Smith Island Restoration project site and evaluates how the
project will affect these conditions. A field investigation and data collection were conducted to
characterize existing site conditions, and groundwater modeling was performed to determine how
conditions may change following implementation of the Smith Island project. To assess potential impacts
to legal water uses in the area from any saltwater issues, a review of documented water rights, water
wells, and current water uses was also conducted.

1.1.3 Issue Definition
The saltwater impact study was conducted in order to address the following specific issues:
•

Will the Smith Island Estuarine Restoration project increase salinity levels in water from the
wells at Hima Farms, which is on property adjacent to the project site?

•

Will the project impair Hima Farms’ ability to use groundwater throughout its property?

•

Will the project impact agricultural land use through increasing salinity levels in subsurface
water used by deep rooted plants?

•

Will the project increase salinity levels in soil on adjacent property, thereby impacting
agricultural land use?
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1.2

APPROACH AND METHODS

1.2.1 Characterization of Existing Project Site and Surroundings
Geology and Hydrogeology
2011 – 2012 Project Site Field Investigation
Snohomish County performed geologic and hydrogeologic field investigations at the project site between
November 2011 and March 2012 to characterize the existing subsurface site conditions (Snohomish
County, 2013). This investigation provides a basis from which to evaluate potential saltwater impacts to
the underlying soil and groundwater from the Smith Island Estuarine Restoration Project. The work
included the following:
•

Excavation of 58 test pits (TPs) on the Smith Island Restoration Project site.

•

Collection of 183 soil samples from the test pits and submittal to a laboratory for
determination of soil salinity and related chemical and composition parameters.

•

Drilling of seven shallow and two deep test borings on the Smith Island Restoration Project
site.

•

Drilling of one deep and one shallow test boring on Dagmar Marina property west of I-5.

•

Collection and submittal to a laboratory of 14 soil samples from test borings for soil
gradations and hydrometers.

•

Geophysical well logging of the three deep test borings.

•

Construction and development of eight shallow observation wells (up to 35 feet deep) upon
completion of the test borings.

•

Construction and development of three deep observation wells (up to 65 feet deep) upon
completion of the test borings.

•

Collection and submittal to a laboratory of 11 groundwater samples (one set from each
observation well) for determination of groundwater salinity and related chemical and
composition parameters.

•

Weekly reading of observation wells at alternating high tide and low tide intervals and the
development of hydrographs from the collected data.

•

Multiple observation-well readings covering high tide and low tide intervals during a one-day
period.

Figure 3 shows the locations of the 58 TPs and shallow and deep observations wells (SW and DW). Data
were not collected on the two privately owned Hima Farms property wells west of the project site because
of access restrictions.

Other Existing Data Sources
Previous studies such as Golder Associates (2003) provided a regional context and geologic interpretation
for data collected during the 2011-2012 field study.
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Surface Water Salinity
2011 Data Collection in Union Slough and Lower Snohomish River
Surface water salinity data were collected for this study in the fall of 2011 by Snohomish County and
Tetra Tech. Salinity profile measurements were made in Union Slough and the Snohomish River during a
high tide/low river flow period, when salinity levels are expected to be representative of their upper range.
These data inform our understanding about representative maximum salinity levels on the project site
following dike removal and provide a conservative basis for estimating salinity for possible surface water
recharge to groundwater. The study objectives were as follows:
•

Collect data at several sites along Union Slough and the lower Snohomish River to
characterize salinity levels during high tide/low river flow conditions near the project site.

•

Collect depth profile salinity data at each sample site to characterize the degree of
stratification or mixing of estuarine and river water during high tide/low river flow
conditions.

•

Compare measurements from Union Slough and the lower Snohomish River main stem to
determine how the existing salinity characteristics in the lower Snohomish River compare to
those in Union Slough.

Data collection occurred on October 6, 2011, when a high tide of 10.5 feet occurred at 2:44 p.m.
Measurements were obtained at six locations on Union Slough and two on the lower Snohomish River
(see Figure 4):
•

SR01 and SR02—Snohomish River at a point where the river is closest to the Smith Island
Restoration project and to the domestic wells owned by Hima Farms. Two monitoring sites in
this vicinity were chosen to measure salinity levels.

•

US01—Union Slough, just upstream of the I-5 bridge. This location is just downstream from
the project site. Historical data is available for this site.

•

US02—Union Slough where the eastern tidal slough enters Union Slough. This site provides
a representation of salinity levels that would flow onto the project site following dike
breaching.

•

US03—Near the bend in Union Slough. This site provides data on upstream penetration of
estuarine water during high tide/low tide conditions.

•

US04—Union Slough at the Steamboat Slough cut-off. This station provides data on salinity
levels where mixing with Steamboat Slough may occur easily.

•

US05—Union Slough at the north breach site of the City of Everett’s Union Slough project.
This data can be compared with annual monitoring data collected by the City of Everett.

Vertical profile measurements were made at 2-meter increments starting from the surface and dropping to
just above the channel bottom. Sampling began at the Snohomish River sites, then proceeded along Union
Slough moving from upstream to downstream. Measurements were repeated at the Snohomish River site
SR02 at the end of the sampling round. The sampling effort collected the bulk of measurements as close
to the time of high tide as possible. Sampling began at 1:50 p.m., approximately one hour before high
tide, and ended at 3:27 p.m., approximately 45 minutes after high tide.
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Other Existing Data Sources
The following existing data sources were reviewed for information that could be used to characterize
existing surface water salinity conditions in the project area:
•

Battelle Study—Hydrodynamic Modeling Study of the Snohomish River Estuary: Snohomish
River Estuary Restoration Feasibility Study. Prepared for the Tulalip Tribes, Tulalip,
Washington, by Battelle Pacific Northwest Division, Richland, Washington. October 2007.

•

Environmental Information Management database—A searchable online database maintained
by the Washington Department of Ecology.

•

City of Everett monitoring data for Union Slough restoration project Years 1-3 Monitoring
Reports, Smith Island/Union Slough Restoration Project (three separate volumes). Prepared
for the City of Everett, Everett, Washington, by ICF International. 2009, 2010, 2011.

•

1994 Salinity Study by Drainage District 6 – Drainage District 6 Restoration Plan.
Snohomish County Public Works Surface Water Management, 1996.

Water Rights/Water Use/Future Water Demand
An evaluation of the project’s potential to impair existing water rights and water uses requires an
understanding of nearby current and possible future water uses and users. Water rights, potential water
use and water demand were evaluated using information from the following sources:
•

The Washington Department of Ecology water right database was researched to identify
documented water rights for the project area.

•

The Washington Department of Ecology well log database was searched to identify nearby
production wells.

•

Municipal water service to the project site from the City of Everett was confirmed.

•

Diking Improvement District No. 5 documents were reviewed for claims or agreements
related to water rights and water use.

1.2.2 Analysis of Potential Project Impacts
Groundwater
A groundwater flow and transport model of the Smith Island area was developed, calibrated to existing
(baseline) hydrologic conditions, and used to simulate the effects of the proposed project on the baseline,
in order to predict changes in groundwater flow and chemistry. The model uses the U.S. Geological
Survey’s code MODFLOW-2005 (Harbaugh, 2005) to simulate groundwater flow in the subsurface. The
model uses the program Groundwater VISTAS to facilitate model development, calibration and
simulation.

Soils
Soil chemistry from 183 TP samples collected during the 2011-2012 geologic field investigation was used
as a basis for assessing potential impacts from inundation of the project site with estuarine water. These
data provide a baseline of current conditions within the soil on County property within the project site.
Native soil chemistry is expected to be similar on adjacent land because of the similarity in underlying
geology from which the soil originated. Land use practices, such as agricultural chemical use or irrigation,
may cause some deviation from the test pits results from County land.
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Seepage Through New Dike
Results from the groundwater field investigation and groundwater modeling, along with engineering
design criteria for the proposed setback dike, were utilized to assess the severity of seepage risk.

Overtopping of New Dike
Design dike elevation and surface water salinity data were used to assess potential project impacts
associated with floodwater overtopping the proposed setback dike.
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CHAPTER 2.
EXISTING CONDITIONS
The Smith Island Restoration Project site consists of approximately 400 acres of land on the northeast
portion of Smith Island, within the Snohomish River estuary and near the City of Everett. The site is
bounded by Union Slough to the east and north, Interstate 5 to the west, and Everett’s wastewater
treatment plant to the south (see Figure 2).
Historical use of the property was for reclaimed farmland. Currently, the remaining buildings include a
double-wide mobile home with several outbuildings and barns used for horse boarding along the
southwestern side of the property, immediately adjacent to I-5 and 12th Street NE.
The project area topography is typical of recovered farmland in the Snohomish River estuary. Elevations
landward of the existing dike are fairly uniform, ranging from 2 to 9 feet (North American Vertical
Datum of 1988 [NAVD88]). The crest elevation of the dike ranges between 12 and 15 feet NAVD88. The
steepest slopes in the project area are the faces of the existing dikes. Several drainage ditches and tidal
sloughs controlled by tide gates cross the site. Ditches and sloughs are mostly dry during extended
periods of dry weather. During winter, when much of the site is under standing water, the ditches and
sloughs are full. Vegetation in the project site consists of mostly grass-covered fields and wetlands
crossed by tree- and bush-lined drainage ditches and sloughs, along with thicker tree growth locally in the
eastern half of the property.

2.1

GEOLOGY AND SOILS

2.1.1 Regional Geology
The Snohomish River estuary is an east-west trending topographic depression that was glacially eroded
and formed between the Getchell Plateau to the north and the Intercity Plateau to the south. The project
site is located on the Snohomish River delta, which is an accumulation of sediments deposited since the
end of the ice age (Pleistocene) when this region was covered by the continental ice sheet. Previous
studies (such as Golder, 2003) have interpreted the underlying sediments to represent relative sea-level
changes and rapid infilling of a fjord-like lower Snohomish River valley. These underlying sediments are
alluvial (deposited by flowing water) and marine (deposited in sea water) in origin.

2.1.2 Project Site Geology and Soil Types
Project area geology and soils are as follows:
•

Surficial soils consisting of four soil types:
–

The predominant soil type, Puget Silty Clay loam, consists of artificially drained loose
soils that were eroded and deposited by water and are found in floodplain depressions.

–

Three soil types are found in isolated pockets smaller than 5 acres around the project site:
□
□
□

Snohomish Silt loam is a hydric soil that has been artificially drained and is underlain
by peat deposits at a depth of 17 to 32 inches bgs.
Mukilteo Muck is an organic soil derived from sedges and other emergent wetland
plants. Mukilteo Muck is underlain by loamy soil at a depth of about 60 inches.
Terric Medisaprists soils are characterized as very deep very poorly drained soils in
depression areas formed in organic material and alluvium.

13
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•

Directly below the surficial soil layer, the subsurface geology consists of estuarine sediments
to varying depths up to 20 feet below the ground surface (bgs). These sediments consist of
interbedded, very-soft to soft organic silt, silt and clayey silt, with local discontinuous lenses
of very-loose to loose fine-grained sand.

•

The estuarine sediment layer is underlain by nearshore marine sediments that are primarily
granular soil types (fine-, medium- and coarse-grained sand), generally with densities ranging
from loose to medium dense.

•

The nearshore marine sands are typically underlain at depths greater than 65 feet by
alternating zones of very soft to soft, normally consolidated silt and clay, and additional strata
of alluvium/near-shore marine sediments.

2.1.3 Project Site Soil Chemistry
Soil chemistry test results from the County’s 2011-2012 geological field investigations are consistent with
soils found in an estuary/marine environment. The results indicate the following generalized site
parameters:
•

Significant amounts of organic matter (>20 percent by weight) were found in 17 of 183
samples from the test pits. Somewhat lower amounts of organic matter (>10 percent by
weight) were found in 78 of the 183 samples. In both cases, organic matter increased with
depth. Peaty soils were found consistently in existing wet areas.

•

Soil pH was acidic across the site. Acidic levels that would be problematic for some plants
(pH <4.8) were found in 71 of the 183 samples. Soil pH levels were highly acidic at depths
< 2.0 feet bgs and tended to rise slightly (become less acidic, though still acidic) with depth.

•

High levels of sulfur and ammonia nitrate across the site likely came from fertilizers, which
given the acidic nature of the soils, would have been necessary to productively farm the site.
The City of Everett records indicate that Class A biosolids were applied to a portion of the
site in 1994 as fertilizer, potentially also contributing to these conditions.

•

The electrical conductivity of the upper 6 inches of soil from the majority of the test pits was
> 0.60 mmhos/cm (microOhms per centimeter). This level of electrical conductivity is
damaging to plants that are sensitive to saline soils.

•

In each test pit, the percentage of salt in the soil increased with depth. These increases were
most significant below 4 feet bgs, where 47 of the 58 TPs had levels exceeding 10 percent
and 19 TPs had levels less than 20 percent.

The results of the soil chemistry testing support the interpretation that the surface sediments were
deposited in a marine environment with significant amounts of salt present. Reclamation of the land for
farming in the early 1900s did little to change the soil chemistry. Predominantly saline acidic soils are
prevalent across the site, with significant amounts of organic material below 4 feet bgs.
Soil conditions throughout the project site are consistent with soil types expected in an estuarine
environment. Because of their high salt, mineral content, and groundwater elevations, the soils may be
problematic for some plants.
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2.2

GROUNDWATER AND HYDROGEOLOGY

2.2.1 2011-2012 Field Investigation
Groundwater Location and Flow Patterns
The 2011-2012 geological field investigations identified that groundwater is primarily present in the
nearshore marine sediment layer (nearshore marine sands aquifer), the top of which is approximately 20
feet bgs. Above 20 feet bgs, only minor groundwater seepage occurs in the discontinuous sand lenses
found in the estuarine surface sediments (estuarine sediment aquitard).

Surface Estuarine Sediment Aquitard
It is believed that the surface estuarine sediments act as an aquitard, which is a semi-confining
hydrogeologic unit through which water percolates at a very slow rate. This conclusion is based on the
following data:
•

The fine-grained nature of the surface estuarine sediments.

•

The absence of saturated conditions in test pit excavations (based on field observations).

•

The groundwater elevations (or piezometric levels) measured in the County’s observation
wells that are completed in the underlying marine sands are either at or above the existing
ground surface during late winter and early spring. This is the case for wells completed both
on the project site and on the adjacent property to the west. The piezometric level is the
potential groundwater surface elevation if there were no restrictions; this is the level to which
water will rise in a well drilled into the aquifer. The piezometric levels indicate that the
groundwater is under pressure due to restriction from the overlying aquitard.

Flow pathways reflect the variable nature of the sediments both horizontally and vertically. During
extended periods of wet weather, when much of the site is covered with several inches to several feet of
standing surface water, water likely flows downward through the surficial estuarine sediments, resulting
in a slow infiltration (or recharge) toward the underlying aquifer. During extended periods of dry weather,
this flow pattern may reverse, with groundwater seeping upward from the aquifer toward the ground
surface.
The estuarine sediment aquitard acts as a significant barrier to surface water infiltrating to the underlying
groundwater aquifer. The physical evidence for this is the persistent ponded water on the project site
during wet weather.

Underlying Nearshore Marine Sands Aquifer
Observation well readings from the 2011-2012 geological field investigations indicate the high
piezometric groundwater surface elevations described above, indicating pressurized groundwater
conditions. The well readings also show that groundwater levels in the wells respond rapidly to changes
in tide. Both on-site and off-site wells exhibit a rapid response to changing tide levels with little lag time.
These responses indicate that the horizontal hydraulic conductivity of this aquifer is relatively high,
allowing groundwater levels to rise and fall with the tide in areas that are thousands of feet from a tidal
source (Snohomish River and Union Slough).

Groundwater Boundaries
The 2011-2012 geological field investigations found that the upper boundary of the nearshore marine
sand aquifer at the project site is between 9 and 21 feet bgs. This aquifer is overlain and confined by the
surficial estuarine sediment aquitard. The piezometric level in the aquifer is either close to or above the
ground surface. This is not unusual for a confined aquifer in an estuary environment (Todd, 1980). The
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base of the aquifer across the project site and surrounding properties is indicated by a transition from sand
and gravel to a layer of saturated silts and clays below 60 feet bgs.
The horizontal aquifer boundaries are not known; however, based on the observed tidal response at the
observation well locations, the Snohomish River and Union Slough channels appear to be incised into the
aquitard and upper part of the aquifer.

Groundwater Salinity
Groundwater salinity was assessed for the 2011-2012 geological field investigations by testing collected
samples for electrical conductivity and chloride:
•

Saltwater chloride levels in Puget Sound range from 14,000 to 19,000 mg/L
(milligrams/liter). Chloride levels in groundwater samples collected in the County’s
observation wells at the project site ranged from 3,775 mg/L to 12,947 mg/L.

•

Freshwater electrical conductivity levels generally are less than 175 mmhos/cm, with higher
levels indicating saltwater impacts. Electrical conductivity levels of the project site samples
ranged from 14,680 µmhos/cm to 48,350 µmhos/cm.

•

Salinity levels of the project site samples ranged from 8.5 practical salinity units (psu) to
31.5 psu. Seawater typically has a salinity level of between 30 and 35 psu, and fresh river
water typically has a psu of up to 5.

The measured chloride and electrical conductivity levels indicate a high level of saltwater intrusion in the
nearshore marine sands aquifer in the observation wells west of I-5 and closest to the Snohomish River
(see Figure 3). The results indicate significant saltwater intrusion throughout the entire water column at
this location. The salinity levels measured in the observations located closer to Union Slough were lower
than those in wells located closer to the Snohomish River and the Hima Farms property. At the three
locations where both shallow and deep well screens were installed, the salinity levels were consistently
higher in the deeper part of the aquifer than in the shallow part.
Results of the field investigations suggest a fairly typical saltwater intrusion water column near Union
Slough. The contact becomes mixed and gradational moving away from this boundary toward the center
of the site. Moving west from there toward the Snohomish River, the entire water column becomes saltimpacted. In all locations, the tested chloride and electrical conductivity levels within the existing water
column are significantly higher than secondary drinking water standards allow, so this groundwater is not
economically usable for domestic or commercial applications.

2.2.2 Other Existing Groundwater Data
Two wells are present on the Hima Farms property west of the project site:
•

A 6-inch-diameter well was installed in April 2010 according to the driller’s well log. The
well depth is 74 feet and the well screen is placed in the lower 6 feet. The static water level
following well completion was recorded at 4 feet below the top of the well. The driller’s log
listed silt, clay and sand to a depth of 4 feet; sand, wood and silt between 4 and 23 feet deep;
and sand, wood and water between 23 and 74 feet. The log indicates that chemical analysis
found saltwater with iron. There is no record of pumping from this well since its completion.

•

A second well was installed for Naeem Iqbal on the Hima Farms site in October of 2011.
According to the well log (WE13744, Ecology Well ID Tag No. BAE-291) the well has a
6-inch-diameter casing drilled to a 108 feet bgs. The well is not screened, so is only open at
the bottom of the casing. The well log reports that the well yielded saltwater with a static
water level of 4 feet below the top of the well casing. There is no record of a pump
installation.
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Snohomish County has not been granted access to either well for sampling. The only other wells shown in
Ecology’s well database are resource protection (monitoring) wells that are believed to have been
decommissioned.

2.3

SURFACE WATER

2.3.1 Surface Water Bodies
Smith Island is located between the Snohomish River and Union Slough east of Everett, Washington and
Interstate-5. Union Slough is a distributary channel of the delta where Snohomish River discharges to
Possession Sound. By way of Union Slough, the project site is 2.5 miles from the mouth of the
Snohomish River. The distributary channels of the Snohomish River delta have not shifted significantly in
position or size over the historical record, dating back to the late 1880s.

2.3.2 Surface Water Salinity
The tidal influence of salinity in the Snohomish River extends upstream several miles beyond the project
site. Salinity levels and vertical profile characteristics vary with tides and river flows. Salinity levels in
the Snohomish River water are lowest during low tides and high river flows, and highest during high tides
and low river flows.

October 2011 Union Slough and Snohomish River Data Collection Results
Salinity monitoring was conducted on October 6, 2011 as discussed in Section 1. The salinity
measurements made at the six sampling sites are listed next to the sites on Figure 5. In general, salinity
levels were highest at the Snohomish River sampling locations and lowest at the upstream Union Slough
locations. Salinity increased from upstream to downstream on Union Slough, but remains lower than in
the Snohomish River:
•

For the reach of Union Slough nearest the planned northern breach reach, the salinity ranges
from 16.3 to 17.9 psu, with a mean of 17.3 psu.

•

For the reach of Union Slough nearest the planned eastern breach, the salinity ranges from
16.2 to 16.5 psu, with a mean of 16.4 psu.

•

For the upper reach of Union Slough, the salinity ranges from 11.6 to 15.9 psu, with a mean
of 13.9 psu.

•

For the Snohomish River near the Hima Well, the salinity ranges from 23.1 to 26.0 psu, with
a mean of 25.1 psu.

These salinity concentrations are in the higher range of what is expected to be typical for the study reach
because the measurement period was during a high tide/low river flow condition when the freshwater
dilution would be low.

Previous Studies
Battelle Study
A hydrodynamic modeling study was conducted to provide Snohomish River Estuary tide and current
information to use in evaluating the cumulative effects of multiple restoration projects, including the
Smith Island Restoration. As part of this study, a field-data collection program was conducted from
October 12–27, 2006. Four stations near the mouth of the Snohomish River and the restoration project
sites—including one on Union Slough—recorded tidal elevation, velocity, salinity, and temperature time
histories. Vertical profiles of current temperature and salinity were obtained. All the salinity profiles were
collected during high tides on October 16, indicating the intrusion of high salinity water from Puget
Sound.
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Salinity values at the slough stations were relatively high, in the range of 20 to 27 psu. Small vertical
variations in salinity profiles were observed at these stations. Figure 6 shows the measured profile for the
station on Union Slough.

Figure 6. Union Slough Salinity Profile from Battelle (2007)

The Battelle Union Slough site was in the same location as site US01 for the measurements conducted in
October 2011. The salinities measured by Battelle were slightly higher (20-27 psu versus 17.3-17.9 psu),
which may have been caused by lower river flows during the Battelle sampling (1,814 cfs versus
3,342 cfs).

City of Everett Monitoring Data for Union Slough Restoration Project
The City of Everett conducts salinity monitoring as part of the post-project monitoring for its Union
Slough restoration project. Monitoring results are shown in Table 1 for the City’s monitoring station on
Union Slough. This site corresponds with site US05 from the October 2011 monitoring.

TABLE 1.
CITY OF EVERETT UNION SLOUGH MONITORING RESULTS
Salinity (Practical Salinity Units)
Surface
Middle
Bottom

Tide Level (feet)

River Flow (cubic feet per second)

9/12/08

7.6

NA

9.9

unknown

2,290

9/18/09

9.0

12.8

14.8

11.0 – 9.6

1,980

9/8/10

3.0

3.8

4.0

11.0 – 11.4

6,186
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Department of Ecology Environmental Information Management Database
The Washington Department of Ecology Environmental Information Management database contains one
record for salinity sampling in Union Slough. The data were collected in 1992 as part of a Snohomish
River dry-season Total Maximum Daily Load study monitoring effort. Data were collected at one
measurement site during high and low tides over two days. The measurement location was immediately
upstream from the Union-Steamboat Slough split downstream from the Smith Island project site. Results
are shown in Table 2.

TABLE 2.
ENVIRONMENTAL INFORMATION MANAGEMENT UNION SLOUGH MONITORING RESULTS
Salinity (practical salinity units)
0.2 Meter Depth
0.9 Meter Depth
2 Meter Depth

Tide Level

8/16/1992

—

—

8.9

low

8/16/1992

18.8

—

19.8

high

8/17/1992

12.2

—

—

low

8/17/1992

11.7

—

—

high

8/17/1992

—

11.2

—

high

1994 Data Collection by Drainage District 6
On August 16, 1994, Drainage District 6 collected water samples from 15 sites to test the conductivity
and pH of Ebey Slough and nearby river channels, including Union Slough. Ebey Slough, like Union
Slough, is a distributary drainage channel of the Snohomish River delta. Conductivity is an indicator of
salinity, with higher conductivity values indicating higher salinity. The collected data indicate that a
saltwater wedge travels up the river channel bottom with incoming tides (Table 3). In Union Slough (Sites
5 and 6), salinity levels were affected by the saltwater, with conductivity ranging from 1,720 mhos/cm
to 4,400 mhos/cm (Snohomish County, 1996). Sea water and fresh water streams typically have
conductivity levels of 20,000 mhos/cm and 50 mhos/cm, respectively.

20

EXISTING CONDITIONS

TABLE 3.
CONDUCTIVITY DATA FROM 1994 DRAINAGE DISTRICT 6 DATA COLLECTION
Conductivity
(µmhos/cm)
Depth
a
Site Time (meters) Surface Bottom

Location

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Ebey Slough - Jack Knife Bridge
Snohomish R. between Lowell and SR-2 at power line crossing
Snohomish River at SR-2
Head of Steamboat Slough
Union Slough near beach
Union Slough at bridge to Spencer Is.
Steamboat Slough - north end Spencer Is.
Ebey Slough at OS
Ebey Slough -1/2 between SR-2 and OS
Ebey Slough at SR-2
Ebey Slough at north end Wildlife P.
Ebey Slough Side channel - north end of DD-6, near old dike
Ebey Slough - opposite above sample
Half-way between cross-dike and Jack Knife Bridge
Ebey Slough - Jack Knife Bridge

a

12:24
12:50
13:05
13:15
—
13:35
13:45
13:55
14:01
14:08
14:16
14:27
14:32
14:45
14:54

12.0
4.0
—
—
—
4.0
6.5
5.5
7.5
7.0
6.0
2.5
8.0
7.0
6.5

60
1,500
7,200
1,600
1,720
3,800
13,600
11,800
7,000
4,000
3,400
260
720
184
88

60
1,540
8,000
—
—
4,400
15,200
11,200
6,800
3,800
3,400
540
1,980
192
82

The predicted high tide at Everett station was for 14:57. Typically, high tides near DD6 lag behind those at
the Everett station by as much as 2 hours.
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CHAPTER 3.
WATER RIGHTS AND USES
Several comments on the Smith Island Draft Environmental Impact Statement pertained to potential
impairment of legal water rights and access to water supply. The following discussion presents the
documented water rights and water uses potentially affected by the Smith Island project.

3.1

WATER RIGHTS

Washington State water law requires a water right for most agricultural uses, including irrigation.
Exceptions include stock watering and non-commercial gardens, which may be supplied from a permitexempt well. In addition, riparian water rights allow for water use by adjacent properties as long as water
is not diverted from the water body. For example, livestock drinking from a stream is allowable through
riparian water rights.
Water right claims are assertions by landowners that water use pre-dated adoption of the state water code.
Claims are not considered water rights unless they are validated through an adjudication process. Many
people use water under a claim, and Ecology typically does not regulate against such uses unless other
considerations, such as blatant water waste, warrant an investigation. Ecology also typically does not
process change applications on water right claims.
Certain small groundwater uses do not require a water right permit; this is called the domestic exemption.
These uses include single domestic-use withdrawals for up to a half-acre of non-commercial lawn and
garden, small industrial uses up to 5,000 gallons per day, and stock water with no volume limitation.
Table 4 and Figure 7 summarize information from the Washington Department of Ecology’s water-right
database for five water-right claims and one certificate in or near the project area:
•

Four of the water right claims are under the name of former Smith Island property owner Jim
Rhodes. Four separate tide gates are listed as the water source, with irrigation and stock water
listed as type of water use. Neither the specified water sources nor the specified places of use
for these claims lies within property owned by Snohomish County or Hima Farms.

•

The water right claim filed by Edward Hayes lists land north of Steamboat Slough, outside
the project area, as its place of use. The water source is identified as a shallow well, sump, or
French drain galley.

•

The water right certificate issued to Dunlap Towing for withdrawal from the Snohomish
River is for emergency fire protection and would not be available for a more continuous,
regular use such as irrigation, commercial, or domestic purposes.

No adjudication has been conducted for the subject water right claims, nor are there change applications
pending. Several other water right records have been identified as being relevant to this study (Adams and
Duncan, P.S., 2011), however these water rights do not list lands on Smith Island as a source or place of
use for the claimed water and therefore are not believed to be appurtenant to the project site or adjacent
lands. Note that the shapes depicted for water right place of use on Figure 7 are as described in the
original documents and no attempt was made to reconcile legal descriptions with current ownership and
parcel boundaries.
A review of Diking Improvement District No. 5 documentation found no evidence that the District has
documented water rights in the project area. We do not believe that the Smith Island Estuarine
Restoration Project will impair existing water rights.
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TABLE 4.
WATER RIGHTS SUMMARY

Name

Document
Type

Water Source

Purpose of
Use

Water Quantity
Place of Use Priority
Instantaneousa Annualb for Water
Date

Water Right Document Number S1-111376CL
Jim
Rhodes

Claim
(1974)

Tide gate—1,250 feet north
and 1,450 feet east from the
southwest corner of Section 9,
T29N, R5E

Irrigation
(20 acres),
stock water

12 cfs

200 af

Gov. lot 10,
Sec 9,
T29N, R5E

July
1923

12 cfs

2,90 af

Gov. lot 2,
Sec 9,
T29N, R5E

July
1923

Irrigation
(20 acres),
stock water

12 cfs

200 af

Gov lot 3,
T29N, R5E

July
1923

Irrigation
(40 acres),
stock water

12 cfs

400 af

Gov lot 4,
sect 4,
T29N, R5E

July
1923

Fire
protection
(emergency)

3.33 cfs

N/A

All purposes

3 cfs

Water Right Document Number S1-111606CL
Jim
Rhodes

Claim
(1974)

Tide gate—200 feet south and
Irrigation
1,300 feet west from
(2,090 acres),
northeast corner of section 9, stock water
T29N, R5E

Water Right Document Number S1-111608CL
Jim
Rhodes

Claim
(1974)

Tide gate—2680 feet east and
660 feet south from the
northeast corner of section 4,
T29N, R5E

Water Right Document Number S1-111268CL
Jim
Rhodes

Claim
(1974)

Tide gate—1,200 feet east
and 50 feet south from the
northwest corner of Section 4,
T29N, R5E

Water Right Document Number S1-25914CWRIS
Dunlap
Towing

Certificate

Snohomish River

Defined 9/21/90
area within
Gov lot 6,
Sec 9,
T29N, R5E

Water Right Document Number G1-069754CL
Edward
Hayes

a
b

Claim
(1974)

Well (sump, French drain
galley)—Section 4, T29N,
R5E

Maximum allowed withdrawal rate at any time, in cubic feet per second (cfs)
Maximum allowed total withdrawal per year, in acre-feet (af)
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3.2

EXISTING AND FUTURE WATER USES

Properties adjacent to the project site that have consumptive water uses are the Hima Farms property and
the horse boarding facility on leased County land. Both properties are served by the City of Everett
municipal water system. The horse boarding facility uses City of Everett water for domestic use and
livestock watering.
Water uses on the Hima Farms site are unknown, but likely consist of domestic consumption and limited
irrigation. The existing wells on Hima Farms property could legally be used for domestic supply and
other small uses allowable under the domestic water right exemption discussed above. This use would be
limited to the purposes and volumes specified below (Revised Code of Washington (RCW) 90.44.050):
•

Providing water for livestock (no gallon per day limit).

•

Watering a non-commercial lawn or garden one-half acre in size or less (no gallon per day
limit, however limited to reasonable use).

•

Providing water for a single home or groups of homes (limited to 5,000 gallons per day).

•

Providing water for industrial purposes, including irrigation (limited to 5,000 gallons per day
but no acre limit).

However, based on the information obtained in this study regarding groundwater quality in the underlying
aquifer, this water would not be suitable for use without significant treatment.
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CHAPTER 4.
POTENTIAL PROJECT IMPACTS
4.1

SURFACE WATER IMPACTS

The 2007 Snohomish River Estuary hydrodynamic modeling study evaluated the effect of restoration
alternatives on tides, flow velocity and salinity (Battelle, 2007). For this analysis, the Smith Island
Restoration was combined with an adjoining project, the City of Everett’s Union Slough Restoration
project. The hydrodynamic model was used to predict conditions with those projects in place at three
stations in Union Slough (U1, U2, and U3), one each in Ebey Slough (E1), Steamboat Slough (S1) and
the main river channel (M1), and two stations inside the project boundaries (SU1 and SU2). The locations
are shown in Figure 8.
Salinity modeling results for these stations are shown in Figures 9 through 11. These plots show modeled
salinity levels for pre- (shown in blue) and post-project (shown in red) conditions, both at the surface and
near the channel bottom for each monitoring station over a two-week period. Key findings were as
follows:
•

At stations E1, S1, and M1, which are located in channels separated from the project sites in
Union Slough, salinity distributions would be similar to existing conditions (Figure 9).

•

Salinity at Station U1, located within Union Slough just upstream from I-5, after restoration
would follow the same distribution patterns as in the existing conditions. However, higher
peak salinities during flood tides are predicted as a result of stronger tidal flows (Figure 10).

•

At Station U2, located within Union Slough between the dike breach locations of the Smith
Island project and the Union Slough project, and at Station U3, at the upstream end of the
Union Slough restoration site, salinity distributions would be similar to those under existing
conditions (Figure 10).

•

At Station SU1, at the restored slough channel near the dike breach, the project would be
fully inundated as tides propagate into the project site. The salinity at Station SU1 would be
well mixed in the water column, with peaks corresponding to high tides (Figure 11). Because
this station is not currently inundated by tidewater, there is no existing condition with which
to compare.

•

At Station SU2, located within the City of Everett’s Union Slough project site, salinity was
predicted to be well mixed in the water column because of the shallow water depth. Salinity
at Station SU2 is low and shows little tidal variation because it is upstream of most of the
project area (Figure 11). These model predictions compare favorably with post-project
monitoring data from the completed project (Table 1).
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Figure 8. Modeling Sites for Smith Island and Union Slough Restorations in Battelle (2007)
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Figure 9. Battelle (2007) Salinity Modeling Results for Sites E1, S1 and M1
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Figure 10. Battelle (2007) Salinity Modeling Results for Sites U1, U2 and U3
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Figure 11. Battelle (2007) Salinity Modeling Results for Sites SU1 and SU2

4.2

GROUNDWATER IMPACTS

4.2.1 Groundwater Flow
As discussed in Section 1, a groundwater flow and transport model of the Smith Island project area was
developed, calibrated to existing (baseline) hydrologic conditions, and used to simulate the effects of the
proposed project on the baseline to predict changes in groundwater flow and chemistry. The modeled area
extends to the Everett Water Pollution Control Facility pond on the south, the Snohomish River on the
west, and the Union Slough channel on the east and north. The model grid divides this area into cells as
large as 100 feet by 100 feet at the model’s outer boundaries and as small as 20 feet by 20 feet at the
Hima Farms 2010 well, identified as the closest water well to the project site. The model uses six layers to
represent subsurface layers (Figure 12): the uppermost layer (Layer 1) represents the estuarine sediments
(aquitard), and Layers 2 through 6 represent the underlying nearshore marine sand aquifer. The elevation
of the bottom of Layer 1 ranges from -5 feet in the northeast to -22.5 feet in the southeast. The model
extends down to elevation -75 feet throughout the modeled area. Figure 12 shows the measured depth
profiles for the surface estuarine sediments and underlying nearshore marine sands as represented in the
groundwater model.
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GROUNDWATER MODEL LAYERS

POTENTIAL PROJECT IMPACTS

The hydraulic properties of the layers—the horizontal and vertical hydraulic conductivity and effective
porosity—were modeled based on 2011 field investigations by Snohomish County (Snohomish County,
2011; draft). For Layer 1, these properties varied depending on whether the field investigations (test pits)
identified a location as having sand and seepage in the upper aquitard layer. The hydraulic properties
were assumed to be uniform for Layers 2 through 6; the horizontal conductivity in these layers is
estimated to range from 25 to 125 feet per day (ft/day). Table 5 shows the modeled values of key
hydraulic parameters.

TABLE 5.
SUMMARY OF MODELED AQUIFER PROPERTIES
Layer

Description

1

Aquitard—no sand/seepage
Aquitard – some sand and seepage

2–6

Sand Aquifer

Kh (feet/day)

Kv (feet/day)

Thickness (feet)

Ne (-)

0.01
0.05

0.0025
0.0125

10—20
10—20

0.01
0.01

50

5

50—65

0.1

Notes: Kh – horizontal hydraulic conductivity; Kv – vertical hydraulic conductivity; Ne – effective porosity.

The model was calibrated against average groundwater level data for January through July 2012 as
recorded in the 11 County monitoring wells established for the field investigation. Simulated levels at
those wells from the calibrated model were similar to the recorded mean or higher than the mean by less
than one standard deviation.
The calibrated groundwater model was used to model project area groundwater levels with the Hima Well
in operation, with and without the proposed breaches in the existing Union Slough dikes. The City of
Everett Water Pollution Control Facility pond was represented as a fixed recharge source under all
modeled scenarios. The equivalent modeled piezometric level for the pond was between +5 and +5.2 feet
elevation.
With the Hima Farms well pumping at 100 gallons per minute (gpm) and the dikes still intact, the
modeling estimated that 82 percent of water pumped by the well would come from the Snohomish River
main stem and 18 percent would come from Union Slough, as shown in Figure 13. With the dikes
breached and providing 100 gpm of groundwater recharge to the area east of the new setback levee, the
portion of well flow coming from Union Slough was estimated to increase to 28 percent, as shown in
Figure 14.
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Figure 13. Groundwater Paths to Hima Well, No Dike Breach

Figure 14. Groundwater Paths to Hima Well, Proposed Breaches and 100-gpm Recharge Rate
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A sensitivity analysis was conducted to assess how changes in model assumptions would affect the
simulation results. The findings were as follows:
•

Groundwater recharge rate from dike breaching—The initial simulations assumed a recharge
rate to the aquifer of 100 gpm from the Union Slough dike breaches. Subsequent simulations
using groundwater recharge rates from 50 to 200 gpm show an 11 percent range in the
associated model results for the portion of Hima well withdrawal coming from Union Slough.
Figure 15 summarizes the results of these cases. This indicates a relatively high sensitivity to
groundwater recharge rate from the water flowing through the breaches.

•

Hima Well pumping rate—The initial simulations assumed a Hima well pumping rate of
100 gpm. Subsequent simulations using pumping rates from 25 to 200 gpm show only a
1 percent range in the associated model results for the portion of Hima Well withdrawal
coming from Union Slough. Figure 16 summarizes the results of these cases. This indicates a
relatively low sensitivity to the well pumping rate, meaning that a reasonable change in the
modeling assumptions will cause little change in results.

•

Aquifer hydraulic conductivity—The initial simulations assumed a horizontal hydraulic
conductivity in the aquifer of 50 ft/day. Subsequent simulations using conductivity rates from
25 to 125 ft/day show a 9 percent range in the associated model results for the portion of
Hima well withdrawal coming from Union Slough. Figure 17 summarizes the results of these
cases. This indicates a moderately high sensitivity to horizontal hydraulic conductivity.

In summary, the model results indicate that the Smith Island restoration project would increase the portion
of water from Union Slough drawn to a well on the landward side of the levee relative to the water being
drawn from the Snohomish River.

4.2.2 Groundwater Quality
Because the dike breaches would increase the portion of groundwater at the Hima well that comes from
Union Slough relative to water from the higher-saline Snohomish River, the proposed project is projected
to slightly reduce the groundwater salinity in the well when pumped:
•

Under existing conditions, the estimated salinity of groundwater at the Hima Well is 22.8 psu.

•

If the well were to be pumped at 100 gpm before the restoration project, the salinity of the
extracted well water would increase to 23.4 psu, due to most of the recharge water
(83 percent) coming from the Snohomish River.

•

If the dike breaching occurs and 100 gpm of additional recharge from Union Slough results to
the aquifer east of the setback dike, the salinity of the extracted well water will be 23.2 psu.

•

If the additional aquifer recharge from the breaching were to increase to 200 gpm, the salinity
of the extracted 100 gpm in the Hima Well will decrease to 22.7 psu.

The modeling completed for this study centered on the Hima Farm well installed in 2010. However, the
findings above are generally applicable to a hypothetical well located anywhere on the Hima Farms
property.
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Figure 15. Results of Sensitivity Analysis for Groundwater Recharge Rate

Figure 16. Results of Sensitivity Analysis for Hima Well Pumping Rate
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Figure 17. Results of Sensitivity Analysis for Aquifer Hydraulic Conductivity

4.3

SOIL IMPACTS

Comments on the Smith Island Draft EIS raised concerns about potential damage to agricultural soils
landward of the proposed dike from migration of salt or contact with saline water from the restored site.
Three potential pathways exist:
•

Seepage of saline water through the proposed dike,

•

Upward movement of groundwater from the marine sands aquifer through the estuarine
sediment aquitard into the soil zone, and

•

Flooding from dike overtopping.

These potential impacts are discussed below.

4.3.1 Dike Through and Under Seepage
Following completion of the project, water from Union Slough will typically flow into the project area
twice a day during high tide cycles. At its highest point, the water will lap against the new dike; during
low tides, water will remain only in the channels and low areas. Based on hydraulic modeling, water
levels will be above the toe of the dike approximately 60 percent of the time (GeoEngineers, 2011).
Without protective measures to prevent seepage through and underneath the dike, drainage problems
could occur on the landward side of the dike.
Engineering design criteria for the proposed setback dike includes seepage protection. The current design
indicates a low permeability core to retard seepage between the dike and underlying ground. Seepage
modeling conducted for the City of Everett’s Union Slough project (AMEC, 2002), for which similar
levee material was used, showed this to be the preferred approach for seepage control.
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The current design also incorporates a toe ditch running parallel to the proposed dike on its landward side.
The function for the toe ditch is to capture, contain, and convey site drainage along with any seepage from
the dike. This same configuration exists at the project site along the existing riverside levee. This toe ditch
configuration is also a common practice along sea dikes throughout western Washington, particularly in
Skagit County where land is commonly farmed adjacent to sea dikes with toe ditches.
As discussed in Section 2.1.2, discontinuous sand lenses occur within the estuarine sediment aquitard.
Subsequent unpublished geotechnical borings completed to support setback dike design indicate that
some of these lenses are present below the proposed dike alignment, and could potentially provide a
groundwater connection between tidal channels landward and waterward of the new setback dike. After
project implementation, water levels will be higher than they are currently on the waterward side of the
dike and would create an increased head on any groundwater connection. The increased head could cause
a groundwater flow contribution to the tidal channel landward of the dike. This groundwater contribution
would be minor and could be accommodated in the drainage facility design.
No saline damage to soils near the existing levee is apparent from soil test pit chemical analyses.
Chemical analyses for test pit soils indicated higher soil salinity with depth, but there was no apparent
salinity gradient associated with proximity to the existing levee.

4.3.2 Upward Groundwater Migration
The hydrogeology at the Smith Island project site was described in Section 2, and is generally composed
of the surficial estuarine sediment aquitard underlain by the marine sands aquifer. The County’s
monitoring wells completed in the marine sands aquifer yielded data indicating that groundwater within
the marine sands aquifer is under pressure. This condition could allow upward groundwater migration if
the overlying aquitard is relatively leaky. Sufficient data do not currently exist to determine whether
upward groundwater migration occurs at the Smith Island project site.
If upward groundwater migration does occur at the project site, implementation of the restoration project
could increase the piezometric levels in the marine sands aquifer and hence the magnitude of any upward
groundwater migration. This effect is not expected to be large, and could be accommodated in the
drainage facilities for the adjacent agricultural lands. The salinity of increased upward groundwater
migration would be reduced by implementation of the Smith Island project. This is shown through the
groundwater modeling discussed above, which indicated a freshening effect to the groundwater from
increasing the groundwater recharge proportion from Union Slough versus the Snohomish River or
potentially the City of Everett Water Pollution Control Facility ponds.

4.3.3 Dike Overtopping
The potential for soil damage from dike overtopping will be unchanged from existing conditions. As the
proposed levee will be at the same or slightly higher elevation than the existing levee, a somewhat higher
level of flood protection will be provided. Only during extreme river floods would water levels approach
the top of the levee. During this condition, the salinity levels would be low, as the water would primarily
be from the watershed upstream on the Snohomish River rather than from the estuary.
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CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS
The evaluations conducted for this study found that soils, groundwater and surface waters on and around
the Smith Island project site already experience high levels of salinity due to the estuarine environment.
The proposed project, which will allow waters from Union Slough to flow over the land surface of the
project site, is not expected to have negative salinity impacts on surrounding properties for the following
reasons:
•

The top 20 feet of sediment consists of low permeability silt that greatly restricts water
movement between the surface and the underlying aquifer.

•

The new setback dike will be designed with a low permeability core to restrict Union Slough
water from seeping through the dike to adjoining properties. The underlying hydrogeologic
conditions are not conducive to shallow groundwater migration under the proposed dike.
However, the dike design includes a toe ditch to collect any seepage through and under the
new dike.

•

Water that overtops the new setback dike will have very low salinity because it will consist of
runoff floodwaters from upstream in the Snohomish River watershed.

•

Inundation of the project area with water from Union Slough is predicted to increase the
contribution of Union Slough to withdrawals at the Hima Farms well relative to the
contribution from the Snohomish River main stem. This would reduce the salinity of
withdrawals from the well because Union Slough water has lower salinity than water in the
main stem.

Additional geotechnical characterization will be necessary to support design of the new setback dike and
landward drainage facilities. This work should address the possible groundwater contribution and seepage
to the landward area and tidal channels.
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