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EXECUTIVE SUMMARY

Given the expense of maintaining access to Hatt Slough Springs, limited potential for
increasing spring production above approximately 350 gallons per minute (gpm), and the
probability that the Washington State Department of Health (DOH) will eventually classify
the springs as groundwater under the influence of surface water (GWI), the City of
Stanwood (City) should pursue the transfer of the Hatt Slough Springs water right to a new
source of supply. Multiple source alternatives were evaluated, including: a groundwater well
field on the upland to the south of the springs; a deep aquifer source in the Stillaguamish
River basin; a shallow groundwater source in the Stillaguamish River basin; and transferring
the point of withdrawal for the spring water right to the existing point of withdrawal at the
Bryant Well site. This memo evaluates each alternative for potential benefits and risks. The
two alternatives recommended for additional study include locating a well field on the
upland south of the springs and locating a well field in the shallow valley aquifer.

INTRODUCTION

The City’s Hatt Slough Springs water right, Surface Water Certificate (SWC) 1164 (tracking
No. S1-*02432CWRIS) with a priority date of September 28, 1928, authorizes diversion of
2.5 cubic feet per second (cfs) for municipal water supply with no annual volume specified,
which was common for surface water rights of that time. In recent years, the captured flow
from Hatt Slough Springs has declined to approximately 250 gpm and the access road to the
springs is periodically blocked by debris from landslides. Figure 1 shows the location of
Hatt Slough Springs.
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The City relies upon this source for municipal supply and intends to protect and improve the
availability of using this water right. At the City’s request, RH2 Engineering, Inc., (RH2)
performed an alternatives analysis to identify the risks and benefits of either rehabilitating
the current spring source, including improving access to the site and protection from
flooding and mass wasting, or transferring the water right to a new well location or existing
facility such as the Bryant Well Field.

HYDROGEOLOGY

The hydrogeology of the upland to the south of the springs (referred to as the Tulalip
Plateau) has been described by the United States Geological Survey (USGS) (Frans and
Kresch, 2004) and this memo uses similar terminology for consistency. The ground surface
of the upland generally consists of glacial till (unit Qgt), which is considered an aquitard,
underlain by Vashon advance outwash (unit Qva), which forms the primary aquifer tapped
by wells on the Tulalip Plateau. Beneath the Vashon advance outwash aquifer is an aquitard
referred to as the transitional beds (unit Qtb). Beneath the transitional beds, lies the
undifferentiated-sediments unit (unit Qu). The undifferentiated sediments unit extends
under the entire upland, but only crops out in the vicinity of Hatt Slough Springs (Frans and
Kresch, 2004). The upper part of this unit consists mostly of coarse-grained material and is
identified as an aquifer. The majority of the unit likely consists of a series of glacial and non-
glacial deposits. The coarse-grained top of unit Qu is the source aquifer that supplies water
to Hatt Slough Springs. In this memo, the coarse-grained aquifer at the top of unit Qu will
be referred to as the Qu (upper) aquifer.

According to Jones (1996), the depth to bedrock in the vicinity of Hatt Slough Springs is
1,200 to 1,500 feet below ground surface. The only wells to reach bedrock in the area were
drilled for the purposes of oil exploration.

Table 1 includes the general layering of the hydrogeologic units and a description of the
sediment included within them.
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Table 1. Hydrogeologic Units and their Characteristics (Modified from Frans and
Kresch, 2004)

Frans and Kresch (2004) as well as Thomas, Wilkinson, and Embrey (1997) plotted
potentiometric water level elevations for the Vashon advance outwash aquifer on the Tulalip
Plateau. Groundwater flow based on these contours is generally out from the middle of the
upland, which is located just north of Lake Goodwin, toward the marine shoreline on the
west, Stillaguamish River Valley to the north, and Marysville Trough to the east. Since there
is likely a vertical downward gradient and associated leakage from the advance outwash
aquifer to the deeper aquifers beneath the plateau, including the Qu (upper) aquifer, it is
anticipated that lateral groundwater flow directions will be similar in the Qu (upper) aquifer
as well.

Source of Spring Recharge

All water emanating from Hatt Slough Springs originates as precipitation falling on the
Tulalip Plateau to the south and southeast of the springs. Figure 2 shows an estimate of the
potential zone of contribution for groundwater that could discharge at Hatt Slough Springs.
The extent of the capture zone was approximated by considering groundwater flow direction
in the Qu (upper) aquifer as determined from well logs, and groundwater potentiometric
contours and flow directions for the Qva aquifer from Frans and Kresch (2004) and
Thomas, Wilkinson, and Embrey (1997). The potential capture area is just under 2 square
miles (1,260 acres) and extends to the southeast from the spring site toward the middle of

Unit Name
Unit

Symbol
Sediments

Aquifer or

Aquitard

Vashon Glacial Till Qvt

Compact, unsorted sand, gravel, and

boulders, in a matrix of si lt and clay.

Some lenses of sand and gravel.

Aquitard

Vashon Advance Outwash Qva
Well-bedded fine sand. Grades to sand

and gravel. Some lenses of silt.
Aquifer

Transitional Beds Qtb
Laminated sand to silty clay with

lenses of sand and gravel.
Aquitard

Undifferentiated Sediments –

Coarse-grained Upper

Section

Qu (upper) Sand and gravel.
Aquifer (Hatt Slough

Springs)

Undifferentiated Sediments –

Below Upper Section
Qu (lower)

Laminated fine-sand, silt, and clay with

layers of sand and gravel.

Aquitard and

unexplored

Tertiary Bedrock Tb Sandstone, siltstone, shale, and coal. Aquitard
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the Tulalip Plateau upland (Figure 2). Using this, and a long-term average annual rate of
groundwater recharge of 12 inches (Frans and Kresch, 2004), the groundwater recharge over
the capture area is equal to approximately 1,260 acre-feet per year (afy), which is an average
of 1.74 cfs, or 781 gpm. Recharge is calculated based on infiltration past the rooting depth of
vegetation and often to the uppermost aquifer, which is the Vashon advance outwash (Qva)
over much of the potential zone of contribution. Some percentage of the recharge continues
to migrate vertically to deeper units, such as the transitional beds (Qtb) and Qu (upper)
aquifer.

A review of the water right record is informative for estimating the spring capacity. On
October 21, 1929, the Stanwood Water Company (water right holder prior to City
acquisition) submitted a Notice of Beginning of Construction form which said the purpose
of the project “is conveying all the spring water to one gathering reservoir.” (emphasis
added).

On January 31, 1939, the Stanwood Water Company submitted the following two forms:

1) Proof of Appropriation of Water saying the water was put to beneficial use. The
quantity of water is not specified.

2) Notice of Complete Application of Water to a Beneficial Use. This form references
the appropriation of 2.5 cfs and states that “45% of appropriation now being applied
to use during summer months.”

Given that both forms were submitted on the same day, it is reasonable to conclude the City
was diverting 45 percent of 2.5 cfs or 1.125 cfs (505 gpm) from the Hatt Slough Springs
location.

Given that the Stanwood Water Company expressed the intent in 1929 to collect all of the
water and, in 1939, reported that it had appropriated the water in the amount of 505 gpm, it
seems reasonable to conclude this was the maximum capacity of Hatt Slough Springs.
Copies of the referenced water right forms are contained in Appendix A.

To further bolster this argument, the USGS issued a report that noted that the reported
discharge of Hatt Slough Springs in December 1946 was 500 gpm (Newcomb, 1952)
(Appendix B).

Mr. Bill Beckman, former Public Works Director for the City, indicated that the five distinct
springs forming the Hatt Slough Springs were rehabilitated in 1982. Prior to rehabilitation,
the total captured flow was approximately 250 gpm (Beckman, personal communication,
June 14, 2013). After rehabilitation, the total captured flow was a continuous 350 gpm
(Beckman, personal communication, February 21, 2013). Ms. Gina Melander, City of
Stanwood Water Treatment Operator, estimated that the discharge from the springs is
consistent year-round and does not fluctuate on a seasonal basis (Melander, personal
communication, February 19, 2013).

Historic estimates of Hatt Slough Springs actual peak discharge bracket the flow within a
range of 350 gpm (circa 1982) (Mr. Bill Beckman, personal communication) to
approximately 505 gpm (Water Right File for SWC 1164, 1939). This historic reported
discharge rate represents from 45 to 65 percent of the estimated groundwater recharge
within the capture area. Considering the high percentage of estimated groundwater recharge
discharging to the springs, there is likely a connection between the Qva and Qu (upper)
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aquifers south of the springs. This estimate also suggests that the water right instantaneous
limit of 2.5 cfs (1,122 gpm) was likely never actually diverted and that it is an unrealistic goal
for either Hatt Slough Springs rehabilitation or a new source of supply tapping the Qu
(upper) aquifer upgradient of the springs. A more reasonable goal appears to be the peak
historic reported rate of 505 gpm.

Rehabilitate Existing Springs

The City may elect to improve the Hatt Spring collection system to capture the maximum
possible discharge from the springs, up to the 2.5 cfs limit in its water right. SWC 1164 is a
municipal purpose water right and the inchoate quantity (the amount between the maximum
historic use and the full 2.5 cfs in the certificate) is not subject to relinquishment based on
Revised Code of Washington (RCW) 90.14.140(2)(d) and is deemed in good standing by the
municipal water law, RCW 90.03.330(3). However, this does not guarantee that the full
2.5 cfs is actually physically available, only that the City would have legal access to that water
if it is physically available from the springs. The pursuit of maximizing the diversion rate
from the springs under this water right would not require a water right change authorization
from the Washington State Department of Ecology (Ecology) if the City continues to collect
water from the springs or the hillside immediately adjacent to where the springs emanate.

Mr. Beckman indicated that rehabilitation of the spring collectors in 1982 resulted in an
increased in captured flow from approximately 250 gpm, which is similar to the current
captured flow, up to 350 gpm. Rehabilitation of the existing collection system would be
expected to yield similar results if undertaken today. The springs discharge from a thin,
approximately 20-foot-thick layer of sand above its contact with underlying silt. Tapping into
this zone with additional vertical collectors is possible, but to effectively increase the
collection rate, several collectors would have to be constructed on the steep slope where the
springs discharge. The amount of available drawdown in a vertical collector would
significantly limit flow into the well. Protecting each well from surface water infiltration to
minimize contamination may be impractical. Horizontal borings into the spring discharge
zone to install collectors has been attempted at other spring sites in the Puget Sound area,
often with limited success. Without sufficient isolation and protection from surface water,
spring collection systems are vulnerable to contamination and DOH may identify the
existing and new collectors as GWI, which would require filtration and disinfection
treatment similar to other sources of drinking water.

Risks:

 DOH could eventually determine that the springs are GWI and require surface water
treatment, even after redevelopment occurs.

 Access to the site would need to be maintained. Recurring landslides will likely
periodically affect access without expensive slope stability mitigation measures.

 Redevelopment might only slightly increase the rate of spring collection above
current conditions, possibly up to the rate they reported collecting in the 1940s
(500 gpm), but more likely up to the rate collected in the early 1980s (350 gpm).

Other Source Alternatives

Given the difficulties related to rehabilitating the springs, potential treatment requirements,
and the potential for a minor increase in production capabilities, RH2 has reviewed four



Hydrogeologic Investigation
Page 6
June 14, 2013

6/14/2013 11:37 AM J:\Data\STA\413-016\Hygeo Memo\STA Hatt Slough Springs Hydrogeo technical Memo DRAFT.docx

potential alternatives for transfer and use of SWC 1164 to another source. The four source
alternatives reviewed include:

1. A well or well field south of the springs on the upland tapping the Qu (upper)
aquifer;

2. Well tapping an aquifer deeper than the Qu (upper) aquifer;
3. A shallow well or well field in the Stillaguamish River Valley; and
4. Increased production from the City’s Bryant Well Field.

A fifth alternative, converting the Hatt Slough Springs from a spring source to a surface
water source from the Stillaguamish River, is another legal and technically feasible
alternative, but not considered due to the additional permitting and treatment analysis that
was beyond this scope of work.

Alternative 1 – Creation of a Well Field to the South of Hatt Slough Springs on the
Upland

The area immediately south of Hatt Slough Springs (Section 5, Township 31 North, Range 4
East W.M) has been developed for residential use on 5-acre lots (Figure 3). Each lot in the
area is served by its own private well and on-site septic system (Appendix C). RH2
correlated some of the water well reports to specific addresses or parcels of land, which
allowed for more accurate location of the wells than using the quarter-quarter section
information provided on well logs. A table summarizing the location, construction, and
groundwater details wells reviewed as part of this study is contained in Appendix D. The
majority of the wells drilled to the south of the springs, within Section 5 and the north half
of Section 8, Township 31 North, Range 4 East W.M. tap the Qu (upper) aquifer, which is
the same aquifer that eventually discharges to Hatt Slough Springs. Some wells are
completed at a shallower depth in what is likely the Qva aquifer or transitional beds (Qtb).
The bottom of most wells is above mean sea level. Many of the domestic wells were drilled
less than 20 feet into the aquifer, without fully penetrating the aquifer before drilling was
terminated and the well completed. Based on the well logs reviewed, it is anticipated that the
Qu (upper) aquifer below this area ranges in thickness from 10 feet to at least 66 feet.

Transferring the Hatt Slough Springs point of withdrawal from the springs to an upland area
well field would be relatively straight forward from a water right perspective since the
existing and potential points of diversions or withdrawals would tap the same source of
supply, the aquifer that is the source of water to Hatt Slough Springs. However, the potential
transfer of the point of withdrawal up-gradient of the springs has the potential to impair the
numerous permit-exempt residential wells that have been drilled into the same aquifer.
Chapter 173-150 Washington Administrative Code (WAC) defines who can make a claim of
impairment (owners of qualifying withdrawal facilities) and the standard used to define
impairment of those facilities. A qualifying withdrawal facility is defined in the WAC as
follows:

(8) “Qualifying withdrawal facilities” means those withdrawal facilities which in the opinion of the
department constitute a reasonable development of the aquifer. A reasonable development must
satisfy the following requirements:

(a) The withdrawal facilities must be constructed in accordance with chapter 18.104 RCW
(Water Well Construction Act) and chapter 173–160 WAC (Minimum standards
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for construction and maintenance of water wells) and the water right permit
provisions, if any, or the applicable state laws and the regulations of the department
which were in effect at the time of construction of the facilities.

(b) The withdrawal facilities must have a depth of aquifer penetration which will allow the
withdrawal of water from a reasonable or feasible pumping lift;

(c) The withdrawal facilities must be able to accommodate a reasonable variation in
seasonal pumping water levels;

(d) The withdrawal facilities, including the pumping facilities, must be properly sized to the
ability of the aquifer to produce water.

Impairment is defined as follows:
WAC 173–150–060 Impairment of water right. For the purposes of this chapter, a ground
water right which pertains to qualifying withdrawal facilities, shall be deemed to be impaired whenever:

(1) There is an interruption or an interference in the availability of water to said facilities, or a
contamination of such water, caused by the withdrawal of ground water by a junior water right
holder or holders; and

(2) Significant modification is required to be made to said facilities in order to allow the senior
ground water right to be exercised.

Activation of a new well field in the upland area could impair existing wells by causing a
decrease in water level in the wells below pump intakes. For the permit-exempt domestic
wells found in the vicinity, significant modification, such as lowering a pump in an existing
well would likely cost more than $500, and considered a significant modification.

The most promising area identified for potential location of a well or well field is the western
half of the undeveloped 40-acre parcel (Parcel Number 31040500400300) in the SW ¼
SE ¼, Section 5, or the two 10-acre parcels (Parcel Numbers 31040500302700 and
31040500300600) located adjacent to it to the west (Figure 3). These large undeveloped
parcels would allow the City to gain some distance between the neighboring wells, even
though it would still only be approximately 650 feet. Also, the Qu (upper) aquifer appears to
be thicker in this area and higher water levels will allow for more available drawdown and
potentially better production from each well. Just to the south of this parcel in Section 8, the
water level elevation in the Qu (upper) aquifer is approximately 115 feet, which is much
higher than the 80-foot water level elevation to the north of the parcel. Also, groundwater
contours of the Qu (upper) aquifer water level indicate that groundwater flow converges
from the south, east, and west in the vicinity of this area (Figure 2). A test well drilled in this
area should extend to sea level (approximate depth of 300 feet) or to the bottom of the
aquifer. If a well field were ultimately located in this area, a water supply pipeline and power
supply would be constructed from the well field, west on 222nd Street NW and following that
until it turns into 226th Street NW and meets with Marine Drive, and then north on Marine
Drive to reach the location of the existing pipeline leading from the Hatt Slough Springs
source (Figure 3). The total length of this new pipeline and powerline would be
approximately 1.25 miles, with the ultimate length depending on the precise location of the
well field.

The nearest neighboring well to this possible well location would be approximately 650 feet
away. Due to this close distance, the anticipated interference drawdown was calculated based
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on estimated aquifer properties including an aquifer storage coefficient of 0.1 and a
transmissivity of 50,000 gallons per day per foot (gpd/ft), which is consistent with a 50-foot
thick coarse to medium sand aquifer. The calculated interference drawdown when pumping
the well at 505 gpm is shown in Table 2.

Table 2. Approximate Interference Drawdown from Pumping at 505 gpm in
a Neighboring Well Located 650 feet from the Production Well

The interference drawdown calculation is based on limited data. A test well will need to be
drilled and additional testing will be needed to determine if the assumptions used in the
calculation are reasonable.

While the springs are able to produce water continuously, it is anticipated that the pumping
from a well or well field at this location would need to be cyclic to avoid overstressing the
aquifer, which could lead to excessive drawdown not only at the pumping wells, but also at
the neighboring wells. The true sustainable pumping rate will only be known after testing
and long-term production and monitoring data are analyzed. However, for planning
purposes, an assumption of 50-percent pumping operation would equal the physical ability
to withdraw approximately 400 afy.

Risks:

 Transferring the springs point of withdrawal to an upland well field would require
the City to go through the water right change process. The City would likely be able
to transfer the historically used maximum withdrawals of 505 gpm and the associated
year round annual volume of 808 afy.

 Multiple wells would likely be necessary to achieve the desired pumping rate from
the relatively thin aquifer. The greatest potential from the upland area exists in
Sections 5 and 8, where the aquifer is thickest and groundwater levels are highest.

 The high density of existing neighboring wells (approximately one well every 5 acres)
creates the potential for impairment of those wells by the City production well or
well field. Locating the well or wells as far away from neighboring wells would be
required.

 Most of the neighboring wells do not appear to fully penetrate the aquifer.
Consequently, operation of an upland area well field could cause groundwater levels
to decline below their pump intakes, which may or may not be considered

Pumping Duration

(Days)

Interference

Drawdown

(ft)

1 0.1

7 1.3

30 2.8

180 4.82

365 5.65
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impairment but likely would cause hardship for the well owners.

 Property-owner permission for drilling a 300-foot-deep test well, and some pipeline
or power easements may be required.

 Land acquisition for the well field would be required.

 Constructing an approximately 1.25-mile-long pipeline to connect the new well field
location with the existing City infrastructure on Marine Drive would be required
(Figure 3).

Alternative 2 – Tap an Aquifer Deeper than the Qu (upper) Aquifer

The City could drill a well to attempt to tap an unutilized and unverified deeper aquifer
south of the City, either on the upland to the south of the springs or in the Stillaguamish
River Valley. Potable groundwater supplies existing in region, including the Bryant Well
Field and the Cedarhome Well, which tap aquifers located below sea level (Figure 1). The
Bryant Well is completed to a depth of approximately 150 feet below sea level and the
bottom 200 feet of drilling encountered sand and gravel. The Bryant Well produces
1,200 gpm and is the primary water source for the City. The Cedarhome Well was drilled to
a depth of approximately 360 feet below sea level. This well taps a thick (116 feet) fine sand
aquifer. The fine-grained nature of the aquifer required that the well be completed with a
gravel pack to prevent excessive sand production. The static water level in the well is near
sea level, but the well can produce 600 gpm.

Elsewhere, deeper groundwater sources are sparsely distributed or limited in yield. On the
upland, the Fandrich Well (Figure 3 and Appendix C), located to the west of the springs,
recorded an aquifer thickness of 31 feet for the Qu (upper) aquifer. This aquifer was
underlain by at least 157 feet of soft gray clay at this location. This well is the only well on
the upland that penetrated an appreciable distance below sea level (approximately 107 feet),
and no deeper aquifer was encountered over that interval.

Within the Stillaguamish River Valley, one well (Henning Well) penetrated to an approximate
depth of 383 feet below sea level (Figure 4 and Appendix E). Unfortunately, this well did
not encounter any suitable deep aquifer and was ultimately completed at a shallow depth.
The description of the sediment encountered below a depth of 92 feet include blue clay, fine
gray sand, blue silt clay, and blue-gray clay. None of the deeper sediments suggest an aquifer
that is suitable for municipal production.

Approximately 7.5 miles west, on Camano Island, a well drilled by Ecology and USGS
(TH-7) reached a depth of approximately 570 feet below sea level (Appendix F). The
majority of the material encountered below sea level was described as clay, silt, and fine sand.
The layers below sea level that included coarse sand up to medium gravel with no fine
material were thin at 20 feet or less thick.

Any proposed deep well location would require the drilling of a test well to determine if
there is a deep aquifer that could potentially be used for municipal supply at that particular
location. A table summarizing the location, construction, and groundwater details for the
upland and valley wells is contained in Appendix D.
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Risks:

 Moving from the springs to wells will require the City to go through the water right
change process, which will likely reduce the water right to historic use levels
(505 gpm and 808 afy).

 If pumping from the deep aquifer causes impacts to surface water bodies, other than
either the Hatt Slough Springs or the lower Stillaguamish River, mitigation of this
effect will likely be necessary before the change could be approved.

 No productive deep wells are known to exist in the lower Stillaguamish River
watershed, to the south of the City, which would have provided some indication of a
regionally-extensive aquifer. However, there is a high likelihood of not encountering
any significant coarse-grained layers that would be sufficient to supply a municipal
production well.

 The least expensive location for drilling of the test well would be in or bordering the
Stillaguamish River Floodplain since it is at a height of less than 20 feet above sea
level. However, any attempts to site a production well there would be complicated by
the potential for flooding of the site.

 Groundwater from deeper aquifers often requires additional treatment to remove
dissolved minerals, such as iron and manganese.

 The potential for a deep aquifer to contain saline (connate) water or be susceptible to
seawater intrusion under production scenarios can be higher if there is not sufficient
freshwater head within the aquifer to cause groundwater to continuously flow
through the aquifer.

Alternative 3 – Shallow Well or Wellfield in the Stillaguamish River Valley

Some wells drilled in the Stillaguamish River Valley are completed in a sand and gravel
aquifer at a depth of less than 100 feet (Figure 4 and Appendix E). This aquifer appears
reasonably thick (30 + feet) and productive; for example, a well log records an flow test
result of 300 gpm for 1 hour (Klesick Well in Section 32, Township 32N, Range 4 East,
W.M.). If the well or wells could be located in close proximity to the existing pipeline leading
from the springs to the City, a minor amount of infrastructure would need to be constructed
to tie the wells into the larger distribution system (Figure 4).

Risks:

 Transferring the point of withdrawal of the springs to new shallow wells will require
the City to go through the water right change process, which will likely reduce the
water right to historic use levels (505 gpm and 808 afy).

 The relatively shallow aquifer in the lower Stillaguamish River Valley is likely
heterogeneous and there is no guarantee that it will be found at any particular
location.

 Shallow aquifers are often more prone to human induced contamination than deeper
aquifers.

 Property acquisition or an easement agreement would need to be acquired to drill a
test well.

 Any attempts to site a production well in the Stillaguamish River Valley would be
complicated by the potential for flooding of the site.
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 Water quality in the shallow aquifer is unknown. Samples could be collected from
existing wells or from a test well.

 Over-pumping from the shallow valley aquifer might induce saline water into the
aquifer.

Alternative 4 – Increased Utilization of the Bryant Road Well Field

A request could be made to transfer the point of withdrawal for the spring right to the site
of existing City infrastructure, such as the Bryant Well Field, which lies less than 2.5 miles
north of the springs (Figure 1). The City is currently in the process of drilling a replacement
well at the Bryant Well Field to restore production at the well field. If additional water could
be obtained from the well field in excess of the existing water rights for the well field
(2,000 gpm and 2,400 afy), the spring water right could potentially be transferred to
authorize that additional pumping. However, Ecology could view the springs and well field
as not tapping the same body of public groundwater given the different geology encountered
at each site.

There are additional risks, as identified below, in this transfer and attempting to increase
utilization from this source.

Risks:

 Moving from the springs to wells will require the City to go through the water right
change process. Diverting water from Hatt Slough Springs only reduces the flow of
water in the lowermost reaches of the Stillaguamish River downstream of the site.
Taking water from the Bryant Well Field would likely have an impact on flow in
Church Creek, which has never been impacted by the utilization of the Hatt Slough
Springs water right. Church Creek is effectively closed under Chapter 173-505 WAC,
and no additional impacts can be allowed through a water right change. Therefore,
impacts to Church Creek would need to be offset by mitigation in order for the
transfer to be approved.

 Additional pumping from the Bryant Well Field might place too great a stress on the
aquifer at that location, which could jeopardize this source.

Protection of the Hatt Slough Springs Water Right

This section presents the steps that need to be taken so that the Hatt Slough Springs water
right can be protected from full or partial relinquishment, regardless of how the City decides
to proceed. SWC 1164 had been used for municipal water supply purposes, as defined by
RCW 90.03.015 until about a year ago when landsliding along the access road excluded
heavy machinery access.

Municipal water rights are not subject to statutory relinquishment due to non-use, as
provided in RWC 90.14.140(2)(d).

Ecology’s Water Resources Program Policy 2030 (POL-2030), “2003 Municipal Water Law
Interpretive and Policy Statement”, revised on May 7, 2012, states the following with respect
to RCW 90.03.015(3) & (4) DEFINITIONS of “Municipal Water Supplier” and “Municipal
Water Supply Purposes”:

9. Ecology interprets the statute as requiring active compliance by conformance with the beneficial use
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definitions in RCW 90.03.015(4). Examples of conformance with the definitions include but are
not limited to the following:

a. Conformance with the definition occurs where a water right holder uses water for one or
more of the categories of beneficial use included in the definition of a water right for
municipal water supply purposes (e.g. the residential connection or nonresident population
thresholds under RCW 90.03.015).

b. If the water right holder is a public water system participating in the water system planning
process, then conformance with the definition occurs when the water right is identified as
being held for existing customers, future growth or supply needs, standby/reserve, backup or
emergency, or other reasonable future use in a water system plan (WAC 246-290-100),
project report (WAC 246-290-110), construction document (WAC 246-290-120),
source approval (WAC 246-290-130), existing system as-built approval (WAC
246-290-140), or coordinated water system plan (WAC 246-293) as approved by the
Department of Health, or a small water system management program (WAC
246-290-105) as required by the Department of Health.

In order for this water right to maintain its status as a water right for municipal water supply
purposes and be protected from relinquishment, the City either must continue to use the
spring source to serve at least 15 residential connections, or the City must continue to
identify SWC 1164 as a water right that will be needed to meet its existing or future demands
in all future updates to its water system plan.

Another alternative that could have potentially been explored was to preserve the right and
protect it from relinquishment was to temporarily donate the water right into Ecology’s
Trust Water Right Program; however, attempting to place the water right into the Trust
Water Right Program to protect it from relinquishment is not advised. The amount of water
eligible to be placed temporarily into the Trust Water Right Program is based on historical
beneficial use (RCW 90.42.080(10) and (11)). As mentioned previously, the peak historic use
appears to be 505 gpm and 808 afy. If the right was put into the Trust Water Rights
Program, that is the extent that could be protected and the remaining inchoate (unused)
portion of the right would be no longer available to the City.

The Municipal Water Law provides the strongest level of protection available for SWC 1164,
without immediately limiting the extent of the water right as would be forced through a
temporary donation to the Trust Water Rights Program.

CONCLUSIONS

Benefits and risks associated with rehabilitation of the Hatt Slough Springs and each of the
four alternatives are summarized in Table 3. After weighing the potential risks, RH2
recommends submittal of a water right change application to request to change the source of
SWC 1164 from a diversion from Hatt Slough Springs to a well or well field located either
on the upland, or within the Stillaguamish River Valley. Arrangements should be made with
landowners and a test well should be drilled at the desired location to determine if a suitable
aquifer exists, to perform aquifer testing, and to collect water quality samples.
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Once a test will is drilled and the testing results are analyzed, the City can make a
determination of whether it wishes to pursue the further development of this new water
source as a substitute for the existing supply at Hatt Slough Springs.
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Figure 1. Location Map
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Appendix C – Upland Well Water
Reports







































































Appendix D – Summary Table of
Water Well Report Details



Last Name Parcel Address STR GS Elev (ft) DTW (ft) Depth to Bottom (ft) WL Elev (ft) Bottom Elev (ft) Aquifer Saturated Thickness (ft) Airtest (gpm) Bailer (gpm) Drawdown (ft) SC (gpm/ft) Aquifer

Allyn 31040500101700 6621 Silvana Terrace 05-31N-04E 330 276 325 54 5 > 37 10 1 10.00 Qu (upper)

Andrews 31040500201700 7329 Silvana Terrace 05-31N-04E 195 143 154 52 41 > 11 15 0 High Qu (upper)

Anthony 31040500400700 6730 Silvana Terrace 05-31N-04E 330 267 294 63 36 > 27 14 4 3.50 Qu (upper)

Bartle 31040500301600 6904 Silvana Terrace 05-31N-04E 272 72 100 200 172 31 3 28 0.11 Qtb

Born 31040500101500 6733 Silvana Terrace 05-31N-04E 325 250 283 75 42 > 33 10 10 1.00 Qu (upper)

Fandrich 31040500201800 7411 Silvana Terrace 05-31N-04E 193 134 300 59 -107 31 10 2 5.00 Qu (upper)

Fierke 31040500202700 6915 Silvana Terrace 05-31N-04E 300 238 280 62 20 > 24 25 Qu (upper)

Gisselberg 00464300000200 22121 62nd AVE NW 05-31N-04E 386 191 282 195 104 > 67 9 Qva

Kramer 31040500202300 7233 Silvana Terrace 05-31N-04E 225 140 169 85 56 23 10 10 1.00 Qu (upper)

McClaulin 31040500101900 6519 Silvana Terrace 05-31N-04E 350 285 340 65 10 > 56 15 Qu (upper)

Moore 31040500101400 6815 Silvana Terrace 05-31N-04E 310 245 269 65 41 > 6 8 18 0.44 Qu (upper)

Niegemann 31040500401200 6302 Silvana Terrace 05-31N-04E 360 250 275 110 85 25 10 1 10.00 Qu (upper)

Olsen 31040500400100 6311 Silvana Terrace 05-31N-04E 360 288 338 72 22 > 26 20 Qu (upper)

Rudikoff 31040500401000 6422 Silvana Terrace 05-31N-04E 370 285 330 85 40 13 20 Qu (upper)

Stafford Construction 31040500301200 7510 Silvana Terrace 05-31N-04E 220 142 184 78 36 > 42 15 6 2.50 Qu (upper)

Tissue 31040500101200 6301 Silvana Terrace 05-31N-04E 210 181 201 29 9 > 39 18 Qu (upper)

Tonheim 31040500300800 7420 Silvana Terrace 05-31N-04E 198 132 154 66 44 > 22 25 1 25.00 Qu (upper)

VanNetta 00464300000800 22020 62nd AVE NW 05-31N-04E 390 207 275 183 115 68 7 30 0.23 Qtb

Withees 31040500301900 7419 222nd ST NW 05-31N-04E 215 100 155 115 60 > 15 20 Qu (upper)

Withers 31040500302400 7214 222nd ST NW 05-31N-04E 250 120 180 130 70 > 20 30 Qu (upper)

Backler 00464200000600 21719 62nd AVE NW 08-31N-04E 403 155 189 248 214 > 29 15 2 7.50 Qva

Bauman 00464200001400 6717 218th ST NW 08-31N-04E 361 251 317 110 44 > 66 50 Qu (upper)

Galateau 00464200001800 6820 218th ST NW 08-31N-04E 361 251 318 110 43 > 23 20 Qu (upper)

Gudgeon 31040800200700 7409 Happy Hollow RD 08-31N-04E 239 104 160 135 79 > 47 15 0 High Qu (upper)

Hansen 00464200000300 21417 62nd AVE NW 08-31N-04E 397 260 292 137 105 21 5 0 High Qu (upper)

Hartwig 00464200001500 6811 218th ST NW 08-31N-04E 367 252 320 115 47 > 46 50 Qu (upper)

Hughes 31040400100300 5112 Norman RD 08-31N-04E 24 17 60 7 -36 > 13 60 Qa

Kallstrom 00464200002400 21618 62nd AVE NW 08-31N-04E 400 155 197 245 203 42 16 0 High Qva

Kelly 00464200002200 6418 218th ST NW 08-31N-04E 388 270 310 118 78 > 26 30 Qu (upper)

Martin 31040800100700 6403 Happy Hollow RD 08-31N-04E 388 256 282 132 106 > 26 10 5 2.00 Qu (upper)

McInelly 00464200002800 6319 Happy Hollow RD 08-31N-04E 393 155 200 238 193 30 10 10 1.00 Qva

Morgan 00464200002500 21510 62nd AVE NW 08-31N-04E 399 151 184 248 215 24 16 0 High Qva

Powell 00464200001700 7012 218th ST NW 08-31N-04E 366 236 320 130 46 > 40 100 Qu (upper)

Ward 00464200002600 21414 62nd AVE NW 08-31N-04E 398 265 295 133 103 ? 10 Qu (upper)

Zent 00464200001900 6718 218th ST NW 08-31N-04E 369 210 256 159 113 > 46 15 0 High Qtb

Williams - Thomle 32043100100600 7920 Thomle RD 31-32N-04E 14 4 48 10 -34 > 24 30 0 High Qa

Klesick 32043200300100 24101 Miller RD 32-32N-04E 14 13 79 1 -65 > 29 300 Qa

Williams - Miller 32043200100200 Miller RD 32-32N-04E 14 9 62 5 -48 > 34 15 2 7.50 Qa

Henning 32043300400500 4811 Norman RD 33-32N-04E 24 12 407 12 -383 37 35 Qa

STR = Section-Township-Range

GS = Ground Surface

Elev = Elevation

ft = Feet

DTW = Depth to Water

WL = Water Level

gpm = Gallons per minute

SC = Specific Capacity
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PROJECT COST ESTIMATE
Item Quantity Unit Cost/Unit Total

Mobilization/Demobilization (10% of construction) 1 ls 86,000$         86,000$            
Site Work (20% of construction) 1 ls 144,000$       144,000$          
Water Main (12-inch) 300 lf 250$             75,000$            
Well Drilling, Testing, and Source Approval 1 ls 125,000$       125,000$          
Well Pump (approx. 300 gpm) 1 ls 100,000$       100,000$          
Well Facility Chlorination (bulk sodium hypochlorite) 1 ls 30,000$         30,000$            
Well Facility Mechanical 1 ls 75,000$         75,000$            
Well Facility Structure 1 ls 65,000$         65,000$            
Well Facility Electrical 1 ls 150,000$       150,000$          
SCADA 1 ls 100,000$       100,000$          

Subtotal 950,000$          

Construction Contingency 25% 237,500$          
Sales Tax - 8.8% 8.8% 83,600$            

Total Construction 1,272,000$       

Property Acquisition Costs 150,000$          
Survey & Design 15.0% 190,800$          
County Permitting Fees @ 5% of Construction 5.0% 63,600$            
Bidding 8,000$             
Construction Management 10.0% 127,200$          
Water Right Processing 20,000$            

TOTAL PROJECT COST ESTIMATE 1,832,000$       
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Figure 1. Location Map
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Figure 2.
Existing Valley Wells and 
Potential Test Well Sites
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Figure 4. 
Recommended Test Well

Site No. 1

Name from water well report shown.

All wells located by either address, 
parcel number, water right, or
other report.

Not all wells shown.

Flood Zone: FEMA digital flood
insurance rate maps, 1999.

Aerial Photo: National Agriculture Imagery
Program, 2009.

Parcel Numbers: Snohomish County
Online Property Information interactive
map.
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Figure 5.
Recommended Test Well
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Figure 6.
Recommended Test Well
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LEGEND
SPECIAL   FLOOD    HAZARD    AREAS    (SFHAs)   SUBJECT TO
INUNDATION  BY  THE  1%  ANNUAL  CHANCE  FLOOD

The  1%  annual  chance  flood  (100-year  flood),  also  known  as  the  base  flood,  is  the flood
that  has   a   1%  chance   of  being   equaled  or  exceeded  in   any  given  year.  The Special
Flood   Hazard  Area  is  the  area  subject  to  flooding  by  the  1%  annual  chance  flood. Areas
of   Special   Flood   Hazard   include   Zones   A,  AE,  AH,  AO,  AR,  A99,  V  and  VE.  The Base
Flood Elevation is the water-surface elevation of the  1% annual chance flood.

ZONE A No Base Flood Elevations determined.

ZONE AE Base Flood Elevations determined.

ZONE AH Flood    depths   of   1  to  3  feet  (usually   areas   of   ponding);    Base Flood
Elevations  determined.

ZONE AO Flood    depths   of   1  to  3   feet   (usually   sheet   flow   on   sloping terrain);
average  depths  determined.    For   areas   of   alluvial   fan   flooding, velocities
also determined.

ZONE AR Special    Flood    Hazard   Area   formerly   protected    from     the    1% annual
chance    flood     by     a     flood     control    system    that    was subsequently
decertified.   Zone   AR   indicates  that  the   former   flood   control   system is
being   restored   to   provide   protection   from    the   1%   annual   chance or
greater  flood.

ZONE A99 Area    to    be   protected   from   1%   annual   chance   flood   by   a Federal
flood   protection   system   under  construction;   no   Base  Flood Elevations
determined.

ZONE V Coastal   flood   zone   with   velocity   hazard  (wave   action);   no   Base Flood
Elevations  determined.

ZONE VE Coastal    flood    zone   with   velocity    hazard   (wave   action);   Base Flood
Elevations determined.

FLOODWAY  AREAS  IN  ZONE  AE

The  floodway  is  the  channel  of  a  stream  plus  any  adjacent  floodplain  areas  that  must be
kept  free  of  encroachment  so  that  the   1%  annual  chance  flood   can   be  carried without
substantial   increases   in   flood   heights.

OTHER FLOOD AREAS

ZONE X Areas   of   0.2%   annual   chance  flood;   areas  of   1%  annual  chance flood
with  average  depths  of  less  than  1  foot  or   with  drainage  areas  less than
1   square   mile;   and  areas  protected   by   levees  from  1%  annual chance
flood.

OTHER AREAS

ZONE X Areas  determined  to  be  outside  the  0.2%  annual  chance  floodplain.

ZONE D Areas  in  which  flood  hazards  are  undetermined,  but  possible.

COASTAL  BARRIER  RESOURCES  SYSTEM  (CBRS)  AREAS

OTHERWISE  PROTECTED  AREAS  (OPAs)

CBRS  areas  and  OPAs  are normally located within  or  adjacent to Special  Flood  Hazard Areas.

CBRS and OPA boundary

Boundary   dividing   Special  Flood  Hazard  Areas   of different
Base  Flood  Elevations,  flood  depths  or  flood  velocities.

Base Flood Elevation line and value;  elevation in feet*~ ~~ ~~ ~~ ~~ ~513
(EL 987) Base   Flood   Elevation    value   where   uniform   within zone;

elevation  in  feet*

* Referenced to the North American Vertical Datum of 1988  (NAVD  88)

A A Cross section line

--------- Transect line23 23

97°07’30", 32°22’30"
Geographic  coordinates   referenced   to   the North   American
Datum  of 1983  (NAD  83)

4275000mN 1000-meter  Universal  Transverse  Mercator grid ticks, zone 10

6000000 FT 5000-foot  grid  ticks: Washington State  Plane  coordinate
system, north  zone (FIPSZONE 4601), Lambert  Conformal  Conic

DX5510 Bench   mark  (see   explanation   in  Notes  to  Users  section of
this  FIRM  panel)

M1.5 River Mile

MAP REPOSITORIES

To   determine   if   flood   insurance  is   available  in   this  community,   contact   your insurance
agent  or  call  the  National  Flood  Insurance  Program  at  1- 800- 638- 6620.

Refer to Map Repositories list on Map Index

EFFECTIVE DATE OF COUNTYWIDE
FLOOD INSURANCE RATE MAP

November 8, 1999
EFFECTIVE DATE(S) OF REVISION(S) TO THIS PANEL

_____________ - to reflect updated topographic inform ation,  to update corporate limits, and to
update road names.

For  community   map  revision  history  prior  to  countywide  mapping, refer  to  the Community
Map  History  table  located  in  the  Flood  Insurance  Study  report  for  this  jurisdiction.
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Notice  to  User:   The                             shown   below   should   be
used when placing map  orders;  the  Community  Number  shown
above should  be used  on  insurance  applications  for  the  subject
community.

Map  Number

CONTAINS:

COMMUNITY NUMBER PANEL SUFFIX

MAP NUMBER
53061C0351G

MAP REVISED

Federal Emergency Management Agency

SNOHOMISH COUNTY,

WASHINGTON
AND INCORPORATED AREAS

SNOHOMISH COUNTY 535534 0351 G
STANWOOD, CITY OF 530172 0351 G

PANEL 351 OF 1575
(SEE   MAP   INDEX   FOR   FIRM   PANEL   LAYOUT)

NOTES  TO  USERS
This  map  is  for  use  in  administering  the   National   Flood   Insurance   Program. It
does  not  necessarily  identify  all  areas  subject  to   flooding,   particularly  from local

community    map    repositorydrainage  sources   of   small  size.  The                                                          should be
consulted  for  possible  updated or  additional  flood  hazard  information.

Base   Flood ElevationsTo   obtain   more  detailed  information  in   areas   where 
floodways(BFEs) and/or                     have been determined,  users are   encouraged   to consult

the  Flood   Profiles  and   Floodway   Data  and/or  Summary  of  Stillwater Elevations
tables  contained  within  the  Flood  Insurance  Study  (FIS)  report  that accompanies
this  FIRM.    Users  should   be  aware   that  BFEs   shown   on   the  FIRM represent
rounded   whole- foot   elevations.   These  BFEs  are  intended   for   flood insurance
rating   purposes   only  and   should   not   be   used   as   the   sole   source   of flood
elevation   information.   Accordingly,   flood   elevation   data    presented   in   the FIS
report    should     be    utilized    in   conjunction   with    the    FIRM    for   purposes of
construction  and/or  floodplain  management.

Coastal      Base      Flood      Elevations  shown  on this  map  apply  only  landward
North    American   Vertical   Datum  of  1988  (NAVD  88).of   0.0’ Users   of   this

FIRM   should  be  aware  that   coastal   flood   elevations  are  also   provided   in the
Summary   of   Stillwater  Elevations   table  in   the    Flood   Insurance   Study report
for   this  jurisdiction.   Elevations  shown   in   the  Summary   of   Stillwater Elevations
table  should   be  used   for  construction  and/or   floodplain   management purposes
when  they  are  higher  than  the  elevations  shown  on  this  FIRM.

floodwaysBoundaries of the                       were  computed  at  cross   sections  and interpolated
between  cross  sections.   The  floodways  were  based  on  hydraulic considerations
with  regard  to  requirements  of  the  National  Flood  Insurance  Program. Floodway
widths   and   other  pertinent  floodway  data   are  provided   in   the  Flood Insurance
Study  report  for  this  jurisdiction.

Certain  areas  not  in  Special   Flood   Hazard   Areas  may  be  protected   by flood
control   structures.                                       Refer   to   Section   2.4   "Flood    Protection    Measures" of
the   Flood  Insurance   Study   report   for  information   on   flood   control structures
for  this  jurisdiction.

projectionThe                      used  in  the  preparation  of  this  map  was Washington  State
horizontal  datumPlane north  zone (FIPSZONE 4601). The was   NAD83,

GRS1980   spheroid.   Differences   in   datum,  spheroid,  projection  or State  Plane
zones  used  in  the  production  of   FIRMs   for  adjacent  jurisdictions  may  result in
slight   positional  differences    in    map   features   across    jurisdiction boundaries.
These  differences  do  not  affect  the  accuracy  of  the  FIRM.

Flood   elevations  on  this   map  are   referenced  to  the North     American    Vertical
Datum  of 1988. These   flood  elevations   must   be  compared   to   structure and

vertical   datum.ground    elevations    referenced   to   the   same For   information
regarding   conversion   between   the    National  Geodetic  Vertical   Datum   of 1929
and   the    North  American  Vertical  Datum   of   1988,    visit  the  National Geodetic

http://www.ngs.noaa.gov/Survey   website   at or  contact   the   National   Geodetic
Survey  at  the  following  address:

NGS Information Services
NOAA, N/NGS12
National Geodetic Survey
SSMC- 3, #9202
1315 East- West Highway
Silver Spring, MD 20910- 3282

To obtain current  elevation, description, and/or  location information for bench marks
shown   on   this   map,    please    contact   the   Information  Services  Branch  of the

(301)   713- 3242,National    Geodetic    Survey    at or     visit      its     website    at
http://www.ngs.noaa.gov/.

Base map information shown on this panel was provided by the U.S. Geological
Survey and Snohomish County.  Digital Orthophoto Quadrangles were produced at a
scale of 1:12,000 from photography dated 1989 or later.  Snohomish County
orthophotos were produced at a one foot pixel resolution and dated 2001 or later.

This map reflects more  detailed  and  up- to- date stream  channel  configurations
than  those  shown   on  the  previous   FIRM   for  this   jurisdiction.   The floodplains
and   floodways  that  were   transferred  from   the   previous  FIRM  may   have been
adjusted   to    conform    to    these    new    stream    channel    configurations.   As a
result,   the   Flood   Profiles   and   Floodway   Data   tables   in  the  Flood Insurance
Study   report  (which   contains   authoritative    hydraulic    data)  may  reflect stream
channel  distances  that  differ  from  what  is  shown  on  this  map.

Corporate   limits shown   on   this   map   are   based  on  the   best   data   available
at  the  time of publication. Because changes  due  to  annexations or de- annexations
may   have   occurred   after   this   map  was  published,  map  users  should contact
appropriate  community  officials  to  verify  current  corporate  limit  locations.

Map   IndexPlease  refer  to  the  separately  printed for  an   overview   map   of   the
county  showing  the  layout  of  map  panels; community  map  repository addresses;
and  a  Listing  of  Communities  table  containing  National  Flood  Insurance Program
dates   for   each  community   as  well  as  a   listing  of  the   panels   on   which each
community  is  located.

Contact  the FEMA  Map  Service  Center   at 1- 800- 358- 9616   for  information  on
available   products   associated   with   this   FIRM.   Available  products  may include
previously    issued   Letters   of   Map   Change,   a   Flood   Insurance   Study report,
and/or  digital  versions of  this  map. The  FEMA  Map  Service  Center  may  also be
reached  by Fax  at  1- 800- 358- 9620  and  its  w ebsite  at http://www.msc.fema.gov/.

If  you  have questions  about  this  map or   questions   concerning   the   National
Flood Insurance Program in general, please call1- 877- FEMA MAP (1- 877- 336- 2627)
or  visit  the  FEMA  website  at http://www.fema.gov/.
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1%  annual chance  floodplain  boundary
0.2% annual chance floodplain boundary
Floodway boundary
Zone D boundary

LEGEND
SPECIAL   FLOOD    HAZARD    AREAS    (SFHAs)   SUBJECT TO
INUNDATION  BY  THE  1%  ANNUAL  CHANCE  FLOOD

The  1%  annual  chance  flood  (100-year  flood),  also  known  as  the  base  flood,  is  the flood
that  has   a   1%  chance   of  being   equaled  or  exceeded  in   any  given  year.  The Special
Flood   Hazard  Area  is  the  area  subject  to  flooding  by  the  1%  annual  chance  flood. Areas
of   Special   Flood   Hazard   include   Zones   A,  AE,  AH,  AO,  AR,  A99,  V  and  VE.  The Base
Flood Elevation is the water-surface elevation of the  1% annual chance flood.

ZONE A No Base Flood Elevations determined.

ZONE AE Base Flood Elevations determined.

ZONE AH Flood    depths   of   1  to  3  feet  (usually   areas   of   ponding);    Base Flood
Elevations  determined.

ZONE AO Flood    depths   of   1  to  3   feet   (usually   sheet   flow   on   sloping terrain);
average  depths  determined.    For   areas   of   alluvial   fan   flooding, velocities
also determined.

ZONE AR Special    Flood    Hazard   Area   formerly   protected    from     the    1% annual
chance    flood     by     a     flood     control    system    that    was subsequently
decertified.   Zone   AR   indicates  that  the   former   flood   control   system is
being   restored   to   provide   protection   from    the   1%   annual   chance or
greater  flood.

ZONE A99 Area    to    be   protected   from   1%   annual   chance   flood   by   a Federal
flood   protection   system   under  construction;   no   Base  Flood Elevations
determined.

ZONE V Coastal   flood   zone   with   velocity   hazard  (wave   action);   no   Base Flood
Elevations  determined.

ZONE VE Coastal    flood    zone   with   velocity    hazard   (wave   action);   Base Flood
Elevations determined.

FLOODWAY  AREAS  IN  ZONE  AE

The  floodway  is  the  channel  of  a  stream  plus  any  adjacent  floodplain  areas  that  must be
kept  free  of  encroachment  so  that  the   1%  annual  chance  flood   can   be  carried without
substantial   increases   in   flood   heights.

OTHER FLOOD AREAS

ZONE X Areas   of   0.2%   annual   chance  flood;   areas  of   1%  annual  chance flood
with  average  depths  of  less  than  1  foot  or   with  drainage  areas  less than
1   square   mile;   and  areas  protected   by   levees  from  1%  annual chance
flood.

OTHER AREAS

ZONE X Areas  determined  to  be  outside  the  0.2%  annual  chance  floodplain.

ZONE D Areas  in  which  flood  hazards  are  undetermined,  but  possible.

COASTAL  BARRIER  RESOURCES  SYSTEM  (CBRS)  AREAS

OTHERWISE  PROTECTED  AREAS  (OPAs)

CBRS  areas  and  OPAs  are normally located within  or  adjacent to Special  Flood  Hazard Areas.

CBRS and OPA boundary

Boundary   dividing   Special  Flood  Hazard  Areas   of different
Base  Flood  Elevations,  flood  depths  or  flood  velocities.

Base Flood Elevation line and value;  elevation in feet*~ ~~ ~~ ~~ ~~ ~513
(EL 987) Base   Flood   Elevation    value   where   uniform   within zone;

elevation  in  feet*

* Referenced to the North American Vertical Datum of 1988  (NAVD  88)

A A Cross section line

--------- Transect line23 23

97°07’30", 32°22’30"
Geographic  coordinates   referenced   to   the North   American
Datum  of 1983  (NAD  83)

4275000mN 1000-meter  Universal  Transverse  Mercator grid ticks, zone 10

6000000 FT 5000-foot  grid  ticks: Washington State  Plane  coordinate
system, north  zone (FIPSZONE 4601), Lambert  Conformal  Conic

DX5510 Bench   mark  (see   explanation   in  Notes  to  Users  section of
this  FIRM  panel)

M1.5 River Mile

MAP REPOSITORIES

To   determine   if   flood   insurance  is   available  in   this  community,   contact   your insurance
agent  or  call  the  National  Flood  Insurance  Program  at  1- 800- 638- 6620.

Refer to Map Repositories list on Map Index

EFFECTIVE DATE OF COUNTYWIDE
FLOOD INSURANCE RATE MAP

November 8, 1999
EFFECTIVE DATE(S) OF REVISION(S) TO THIS PANEL

_____________ - to update road names,  to reflect up dated topographic information, and to update
corporate limits.

For  community   map  revision  history  prior  to  countywide  mapping, refer  to  the Community
Map  History  table  located  in  the  Flood  Insurance  Study  report  for  this  jurisdiction.
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Notice  to  User:   The                             shown   below   should   be
used when placing map  orders;  the  Community  Number  shown
above should  be used  on  insurance  applications  for  the  subject
community.

Map  Number

CONTAINS:

COMMUNITY NUMBER PANEL SUFFIX

MAP NUMBER
53061C0352G

MAP REVISED

Federal Emergency Management Agency

SNOHOMISH COUNTY,

WASHINGTON
AND INCORPORATED AREAS

SNOHOMISH COUNTY 535534 0352 G
STANWOOD, CITY OF 530172 0352 G

PANEL 352 OF 1575
(SEE   MAP   INDEX   FOR   FIRM   PANEL   LAYOUT)

NOTES  TO  USERS
This  map  is  for  use  in  administering  the   National   Flood   Insurance   Program. It
does  not  necessarily  identify  all  areas  subject  to   flooding,   particularly  from local

community    map    repositorydrainage  sources   of   small  size.  The                                                          should be
consulted  for  possible  updated or  additional  flood  hazard  information.

Base   Flood ElevationsTo   obtain   more  detailed  information  in   areas   where 
floodways(BFEs) and/or                     have been determined,  users are   encouraged   to consult

the  Flood   Profiles  and   Floodway   Data  and/or  Summary  of  Stillwater Elevations
tables  contained  within  the  Flood  Insurance  Study  (FIS)  report  that accompanies
this  FIRM.    Users  should   be  aware   that  BFEs   shown   on   the  FIRM represent
rounded   whole- foot   elevations.   These  BFEs  are  intended   for   flood insurance
rating   purposes   only  and   should   not   be   used   as   the   sole   source   of flood
elevation   information.   Accordingly,   flood   elevation   data    presented   in   the FIS
report    should     be    utilized    in   conjunction   with    the    FIRM    for   purposes of
construction  and/or  floodplain  management.

Coastal      Base      Flood      Elevations  shown  on this  map  apply  only  landward
North    American   Vertical   Datum  of  1988  (NAVD  88).of   0.0’ Users   of   this

FIRM   should  be  aware  that   coastal   flood   elevations  are  also   provided   in the
Summary   of   Stillwater  Elevations   table  in   the    Flood   Insurance   Study report
for   this  jurisdiction.   Elevations  shown   in   the  Summary   of   Stillwater Elevations
table  should   be  used   for  construction  and/or   floodplain   management purposes
when  they  are  higher  than  the  elevations  shown  on  this  FIRM.

floodwaysBoundaries of the                       were  computed  at  cross   sections  and interpolated
between  cross  sections.   The  floodways  were  based  on  hydraulic considerations
with  regard  to  requirements  of  the  National  Flood  Insurance  Program. Floodway
widths   and   other  pertinent  floodway  data   are  provided   in   the  Flood Insurance
Study  report  for  this  jurisdiction.

Certain  areas  not  in  Special   Flood   Hazard   Areas  may  be  protected   by flood
control   structures.                                       Refer   to   Section   2.4   "Flood    Protection    Measures" of
the   Flood  Insurance   Study   report   for  information   on   flood   control structures
for  this  jurisdiction.

projectionThe                      used  in  the  preparation  of  this  map  was Washington  State
horizontal  datumPlane north  zone (FIPSZONE 4601). The was   NAD83,

GRS1980   spheroid.   Differences   in   datum,  spheroid,  projection  or State  Plane
zones  used  in  the  production  of   FIRMs   for  adjacent  jurisdictions  may  result in
slight   positional  differences    in    map   features   across    jurisdiction boundaries.
These  differences  do  not  affect  the  accuracy  of  the  FIRM.

Flood   elevations  on  this   map  are   referenced  to  the North     American    Vertical
Datum  of 1988. These   flood  elevations   must   be  compared   to   structure and

vertical   datum.ground    elevations    referenced   to   the   same For   information
regarding   conversion   between   the    National  Geodetic  Vertical   Datum   of 1929
and   the    North  American  Vertical  Datum   of   1988,    visit  the  National Geodetic

http://www.ngs.noaa.gov/Survey   website   at or  contact   the   National   Geodetic
Survey  at  the  following  address:

NGS Information Services
NOAA, N/NGS12
National Geodetic Survey
SSMC- 3, #9202
1315 East- West Highway
Silver Spring, MD 20910- 3282

To obtain current  elevation, description, and/or  location information for bench marks
shown   on   this   map,    please    contact   the   Information  Services  Branch  of the

(301)   713- 3242,National    Geodetic    Survey    at or     visit      its     website    at
http://www.ngs.noaa.gov/.

Base map information shown on this panel was provided by the U.S. Geological
Survey and Snohomish County.  Digital Orthophoto Quadrangles were produced at a
scale of 1:12,000 from photography dated 1989 or later.  Snohomish County
orthophotos were produced at a one foot pixel resolution and dated 2001 or later.

This map reflects more  detailed  and  up- to- date stream  channel  configurations
than  those  shown   on  the  previous   FIRM   for  this   jurisdiction.   The floodplains
and   floodways  that  were   transferred  from   the   previous  FIRM  may   have been
adjusted   to    conform    to    these    new    stream    channel    configurations.   As a
result,   the   Flood   Profiles   and   Floodway   Data   tables   in  the  Flood Insurance
Study   report  (which   contains   authoritative    hydraulic    data)  may  reflect stream
channel  distances  that  differ  from  what  is  shown  on  this  map.

Corporate   limits shown   on   this   map   are   based  on  the   best   data   available
at  the  time of publication. Because changes  due  to  annexations or de- annexations
may   have   occurred   after   this   map  was  published,  map  users  should contact
appropriate  community  officials  to  verify  current  corporate  limit  locations.

Map   IndexPlease  refer  to  the  separately  printed for  an   overview   map   of   the
county  showing  the  layout  of  map  panels; community  map  repository addresses;
and  a  Listing  of  Communities  table  containing  National  Flood  Insurance Program
dates   for   each  community   as  well  as  a   listing  of  the   panels   on   which each
community  is  located.

Contact  the FEMA  Map  Service  Center   at 1- 800- 358- 9616   for  information  on
available   products   associated   with   this   FIRM.   Available  products  may include
previously    issued   Letters   of   Map   Change,   a   Flood   Insurance   Study report,
and/or  digital  versions of  this  map. The  FEMA  Map  Service  Center  may  also be
reached  by Fax  at  1- 800- 358- 9620  and  its  w ebsite  at http://www.msc.fema.gov/.

If  you  have questions  about  this  map or   questions   concerning   the   National
Flood Insurance Program in general, please call1- 877- FEMA MAP (1- 877- 336- 2627)
or  visit  the  FEMA  website  at http://www.fema.gov/.
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1%  annual chance  floodplain  boundary
0.2% annual chance floodplain boundary
Floodway boundary
Zone D boundary

LEGEND
SPECIAL   FLOOD    HAZARD    AREAS    (SFHAs)   SUBJECT TO
INUNDATION  BY  THE  1%  ANNUAL  CHANCE  FLOOD

The  1%  annual  chance  flood  (100-year  flood),  also  known  as  the  base  flood,  is  the flood
that  has   a   1%  chance   of  being   equaled  or  exceeded  in   any  given  year.  The Special
Flood   Hazard  Area  is  the  area  subject  to  flooding  by  the  1%  annual  chance  flood. Areas
of   Special   Flood   Hazard   include   Zones   A,  AE,  AH,  AO,  AR,  A99,  V  and  VE.  The Base
Flood Elevation is the water-surface elevation of the  1% annual chance flood.

ZONE A No Base Flood Elevations determined.

ZONE AE Base Flood Elevations determined.

ZONE AH Flood    depths   of   1  to  3  feet  (usually   areas   of   ponding);    Base Flood
Elevations  determined.

ZONE AO Flood    depths   of   1  to  3   feet   (usually   sheet   flow   on   sloping terrain);
average  depths  determined.    For   areas   of   alluvial   fan   flooding, velocities
also determined.

ZONE AR Special    Flood    Hazard   Area   formerly   protected    from     the    1% annual
chance    flood     by     a     flood     control    system    that    was subsequently
decertified.   Zone   AR   indicates  that  the   former   flood   control   system is
being   restored   to   provide   protection   from    the   1%   annual   chance or
greater  flood.

ZONE A99 Area    to    be   protected   from   1%   annual   chance   flood   by   a Federal
flood   protection   system   under  construction;   no   Base  Flood Elevations
determined.

ZONE V Coastal   flood   zone   with   velocity   hazard  (wave   action);   no   Base Flood
Elevations  determined.

ZONE VE Coastal    flood    zone   with   velocity    hazard   (wave   action);   Base Flood
Elevations determined.

FLOODWAY  AREAS  IN  ZONE  AE

The  floodway  is  the  channel  of  a  stream  plus  any  adjacent  floodplain  areas  that  must be
kept  free  of  encroachment  so  that  the   1%  annual  chance  flood   can   be  carried without
substantial   increases   in   flood   heights.

OTHER FLOOD AREAS

ZONE X Areas   of   0.2%   annual   chance  flood;   areas  of   1%  annual  chance flood
with  average  depths  of  less  than  1  foot  or   with  drainage  areas  less than
1   square   mile;   and  areas  protected   by   levees  from  1%  annual chance
flood.

OTHER AREAS

ZONE X Areas  determined  to  be  outside  the  0.2%  annual  chance  floodplain.

ZONE D Areas  in  which  flood  hazards  are  undetermined,  but  possible.

COASTAL  BARRIER  RESOURCES  SYSTEM  (CBRS)  AREAS

OTHERWISE  PROTECTED  AREAS  (OPAs)

CBRS  areas  and  OPAs  are normally located within  or  adjacent to Special  Flood  Hazard Areas.

CBRS and OPA boundary

Boundary   dividing   Special  Flood  Hazard  Areas   of different
Base  Flood  Elevations,  flood  depths  or  flood  velocities.

Base Flood Elevation line and value;  elevation in feet*~ ~~ ~~ ~~ ~~ ~513
(EL 987) Base   Flood   Elevation    value   where   uniform   within zone;

elevation  in  feet*

* Referenced to the North American Vertical Datum of 1988  (NAVD  88)

A A Cross section line

--------- Transect line23 23

97°07’30", 32°22’30"
Geographic  coordinates   referenced   to   the North   American
Datum  of 1983  (NAD  83)

4275000mN 1000-meter  Universal  Transverse  Mercator grid ticks, zone 10

6000000 FT 5000-foot  grid  ticks: Washington State  Plane  coordinate
system, north  zone (FIPSZONE 4601), Lambert  Conformal  Conic

DX5510 Bench   mark  (see   explanation   in  Notes  to  Users  section of
this  FIRM  panel)

M1.5 River Mile

MAP REPOSITORIES

To   determine   if   flood   insurance  is   available  in   this  community,   contact   your insurance
agent  or  call  the  National  Flood  Insurance  Program  at  1- 800- 638- 6620.

Refer to Map Repositories list on Map Index

EFFECTIVE DATE OF COUNTYWIDE
FLOOD INSURANCE RATE MAP

November 8, 1999
EFFECTIVE DATE(S) OF REVISION(S) TO THIS PANEL

_____________ - to update road names,  to reflect up dated topographic information, and to update
corporate limits.

For  community   map  revision  history  prior  to  countywide  mapping, refer  to  the Community
Map  History  table  located  in  the  Flood  Insurance  Study  report  for  this  jurisdiction.
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Notice  to  User:   The                             shown   below   should   be
used when placing map  orders;  the  Community  Number  shown
above should  be used  on  insurance  applications  for  the  subject
community.

Map  Number

CONTAINS:

COMMUNITY NUMBER PANEL SUFFIX

MAP NUMBER
53061C0355G

MAP REVISED

Federal Emergency Management Agency

SNOHOMISH COUNTY,

WASHINGTON
AND INCORPORATED AREAS

SNOHOMISH COUNTY 535534 0355 G
STANWOOD, CITY OF 530172 0355 G

PANEL 355 OF 1575
(SEE   MAP   INDEX   FOR   FIRM   PANEL   LAYOUT)

NOTES  TO  USERS
This  map  is  for  use  in  administering  the   National   Flood   Insurance   Program. It
does  not  necessarily  identify  all  areas  subject  to   flooding,   particularly  from local

community    map    repositorydrainage  sources   of   small  size.  The                                                          should be
consulted  for  possible  updated or  additional  flood  hazard  information.

Base   Flood ElevationsTo   obtain   more  detailed  information  in   areas   where 
floodways(BFEs) and/or                     have been determined,  users are   encouraged   to consult

the  Flood   Profiles  and   Floodway   Data  and/or  Summary  of  Stillwater Elevations
tables  contained  within  the  Flood  Insurance  Study  (FIS)  report  that accompanies
this  FIRM.    Users  should   be  aware   that  BFEs   shown   on   the  FIRM represent
rounded   whole- foot   elevations.   These  BFEs  are  intended   for   flood insurance
rating   purposes   only  and   should   not   be   used   as   the   sole   source   of flood
elevation   information.   Accordingly,   flood   elevation   data    presented   in   the FIS
report    should     be    utilized    in   conjunction   with    the    FIRM    for   purposes of
construction  and/or  floodplain  management.

Coastal      Base      Flood      Elevations  shown  on this  map  apply  only  landward
North    American   Vertical   Datum  of  1988  (NAVD  88).of   0.0’ Users   of   this

FIRM   should  be  aware  that   coastal   flood   elevations  are  also   provided   in the
Summary   of   Stillwater  Elevations   table  in   the    Flood   Insurance   Study report
for   this  jurisdiction.   Elevations  shown   in   the  Summary   of   Stillwater Elevations
table  should   be  used   for  construction  and/or   floodplain   management purposes
when  they  are  higher  than  the  elevations  shown  on  this  FIRM.

floodwaysBoundaries of the                       were  computed  at  cross   sections  and interpolated
between  cross  sections.   The  floodways  were  based  on  hydraulic considerations
with  regard  to  requirements  of  the  National  Flood  Insurance  Program. Floodway
widths   and   other  pertinent  floodway  data   are  provided   in   the  Flood Insurance
Study  report  for  this  jurisdiction.

Certain  areas  not  in  Special   Flood   Hazard   Areas  may  be  protected   by flood
control   structures.                                       Refer   to   Section   2.4   "Flood    Protection    Measures" of
the   Flood  Insurance   Study   report   for  information   on   flood   control structures
for  this  jurisdiction.

projectionThe                      used  in  the  preparation  of  this  map  was Washington  State
horizontal  datumPlane north  zone (FIPSZONE 4601). The was   NAD83,

GRS1980   spheroid.   Differences   in   datum,  spheroid,  projection  or State  Plane
zones  used  in  the  production  of   FIRMs   for  adjacent  jurisdictions  may  result in
slight   positional  differences    in    map   features   across    jurisdiction boundaries.
These  differences  do  not  affect  the  accuracy  of  the  FIRM.

Flood   elevations  on  this   map  are   referenced  to  the North     American    Vertical
Datum  of 1988. These   flood  elevations   must   be  compared   to   structure and

vertical   datum.ground    elevations    referenced   to   the   same For   information
regarding   conversion   between   the    National  Geodetic  Vertical   Datum   of 1929
and   the    North  American  Vertical  Datum   of   1988,    visit  the  National Geodetic

http://www.ngs.noaa.gov/Survey   website   at or  contact   the   National   Geodetic
Survey  at  the  following  address:

NGS Information Services
NOAA, N/NGS12
National Geodetic Survey
SSMC- 3, #9202
1315 East- West Highway
Silver Spring, MD 20910- 3282

To obtain current  elevation, description, and/or  location information for bench marks
shown   on   this   map,    please    contact   the   Information  Services  Branch  of the

(301)   713- 3242,National    Geodetic    Survey    at or     visit      its     website    at
http://www.ngs.noaa.gov/.

Base map information shown on this panel was provided by the U.S. Geological
Survey and Snohomish County.  Digital Orthophoto Quadrangles were produced at a
scale of 1:12,000 from photography dated 1989 or later.  Snohomish County
orthophotos were produced at a one foot pixel resolution and dated 2001 or later.

This map reflects more  detailed  and  up- to- date stream  channel  configurations
than  those  shown   on  the  previous   FIRM   for  this   jurisdiction.   The floodplains
and   floodways  that  were   transferred  from   the   previous  FIRM  may   have been
adjusted   to    conform    to    these    new    stream    channel    configurations.   As a
result,   the   Flood   Profiles   and   Floodway   Data   tables   in  the  Flood Insurance
Study   report  (which   contains   authoritative    hydraulic    data)  may  reflect stream
channel  distances  that  differ  from  what  is  shown  on  this  map.

Corporate   limits shown   on   this   map   are   based  on  the   best   data   available
at  the  time of publication. Because changes  due  to  annexations or de- annexations
may   have   occurred   after   this   map  was  published,  map  users  should contact
appropriate  community  officials  to  verify  current  corporate  limit  locations.

Map   IndexPlease  refer  to  the  separately  printed for  an   overview   map   of   the
county  showing  the  layout  of  map  panels; community  map  repository addresses;
and  a  Listing  of  Communities  table  containing  National  Flood  Insurance Program
dates   for   each  community   as  well  as  a   listing  of  the   panels   on   which each
community  is  located.

Contact  the FEMA  Map  Service  Center   at 1- 800- 358- 9616   for  information  on
available   products   associated   with   this   FIRM.   Available  products  may include
previously    issued   Letters   of   Map   Change,   a   Flood   Insurance   Study report,
and/or  digital  versions of  this  map. The  FEMA  Map  Service  Center  may  also be
reached  by Fax  at  1- 800- 358- 9620  and  its  w ebsite  at http://www.msc.fema.gov/.

If  you  have questions  about  this  map or   questions   concerning   the   National
Flood Insurance Program in general, please call1- 877- FEMA MAP (1- 877- 336- 2627)
or  visit  the  FEMA  website  at http://www.fema.gov/.
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Snohomish County disclaims any warranty of merchantability or warranty of fitness for any
particular purpose of this map, either express or implied. Snohomish County makes no
representation or warranty concerning the content, accuracy, currency, completeness, or quality
of data depicted on this map. Any user of this map assumes all responsibility for its interpretation
and use. Any user relying on any of the County's GIS products does so at his or her own risk. All
critical information should be independently verified. Snohomish County shall not be liable to the
user for damages of any kind, including lost profits, lost savings, or any other incidental or
consequential damages related to the providing of data or its use. The user agrees to hold
Snohomish County harmless from and against any damage, loss, or liability arising from any use of this map.
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Tetra Tech, Inc.
May 2010

Data Sources:
Snohomish County
US Geological Survey
Washington State Department of Natural Resources
Division of Geology and Earth Resources

Lahar Inundation Zone

Map 17-1

United States Geological Survey (USGS)

Snohomish County is most exposed to a Glacier Peak
eruption that generates a lahar that would travel down
the Sauk, Stillaguamish, and Skagit Rivers and out to

the ocean. All that is in the path of the lahar is potentially
exposed to damage. The USGS Lahar Inundation Zone
depicts lahar hazard for a Glacier Peak eruption based

on previous outflow routes.

Lahar Inundation Zone
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Snohomish County disclaims any warranty of merchantability or warranty of fitness for any
particular purpose of this map, either express or implied. Snohomish County makes no
representation or warranty concerning the content, accuracy, currency, completeness, or quality
of data depicted on this map. Any user of this map assumes all responsibility for its interpretation
and use. Any user relying on any of the County's GIS products does so at his or her own risk. All
critical information should be independently verified. Snohomish County shall not be liable to the
user for damages of any kind, including lost profits, lost savings, or any other incidental or
consequential damages related to the providing of data or its use. The user agrees to hold
Snohomish County harmless from and against any damage, loss, or liability arising from any use of this map.

0 5 102.5

Miles

0 5 102.5

Kilometers .
Tetra Tech, Inc.
May 2010

Data Sources:
Snohomish County
NOAA PMEL
HAZUS-MH MR4 Tsunami Model Output
US Geological Survey
Washington State Department of Natural Resources

Tsunami Hazard Areas

Map 16-1

Tsunami Hazard Area

Reviewers of this data must be aware that these
inundation areas are estimates and are to be utilized
for planning purposes only. These maps represent an
interpretation of the best data available at the time of
this plan update. This map is deterministic based on a
scenario event, and is not assigning any probability of

occurrence.

This scenario tsunami is based on a magnitude
7.3 earthquake of the Seattle Fault.

Maximum Depth : 16 ft

Minimum Depth : 0 ft


