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Mr. Tom Niemann

Snohomish County Planning Department
County Administration Building

Everett, WA 98201

Subject: Snohomish County Groundwater
Characterization Study

Dear Mr, Niemann:

Economic and Engineering Services, Inc. (EES) is pleased to submit the final report under
the Snohomish County Groundwater Characterization Study. This report is the product of a
joint effort of EES and Sweet-Edwards/EMCON, Inc., working in cooperation with you, your
staff, and the North Snohomish County Water Utility Coordinating Committee.

Snohomish County is to be commended for its progressive program directed to managing
groundwater as a resource. This program now includes your County Policy for Protection of
Groundwater, adopted in August 1990; designation of Snohomish County as a Ground Water
Management Planning Area pursuant to Chapter 90.44 RCW; and the preparation of this
Groundwater Characterization Study as a pre-groundwater management planning activity.
The framework is in place for interim groundwater protection as you move into the ambitious
process of developing the Ground Water Management Plan.

This study also provided important input to the North Snohomish County Coordinated Water
System Plan (CWSP) and your planning responsibilities under the Growth Management Act.
Although the study period was short in order to meet the CWSP schedule, the overview of
groundwater quality and quantity and identification of critical aquifer recharge areas provides
baseline information for your long-term management program.

It has been a pleasure working with you on this study. Please don't hesitate to contact me if
you have questions or need further assistance,

_ Sincerely,
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Robért L. Wubbena, P.E.
President
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Alluvium

Aquifer

Aquitard

Arsenic

Artesian

Bedrock

Benzene

Braided Stream

Coliform Bacteria

Confined

Contaminant

Cross-Section

GLOSSARY OF TERMS AND ACRONYMS

Sediment such as clay, silt, sand, gravel, or other similar
material deposited by running water.

A body of rock or sediment that is able to store and
conduct significant quantities of groundwater.

A layer of rock or sediment that retards the flow of
groundwater to or from an adjacent layer of rock or
sediment.

A naturally occurring element that may be toxic in
certain compounds and concentrations.

An adjective referring to groundwater confined under
hydrostatic pressure.

A term for the solid rock that underlies soil or
uncompacted sediments.

A colorless, volatile, highly flammable, toxic compound
commonly associated with industrial or petroleum
industries.

A stream that divides into an interlacing network of
channels typically found in areas of heavy erosion.

Coliform bacteria comprises all aerobic, gram-negative,
non-spore-forming, rod shaped bacteria that ferment
lactose with gas formation within forty-eight hours at
35° C. They include bacteria of fecal origin and those
that live in the soil.

A condition of an aquifer that is bounded above and
below by lower permeability rock or sediment layers.

A naturally occurring or man-made compound that is
undesirable or injurious and found in groundwater.

A schematic representation of geologic layers as seen in
a side view. .



Dangerous Waste

Discharge

DOH
Drift

Drinking Water Standards

Ecology
EIS
EPA

Erosion

Ethylene Dibromide

Geology

gpm
GMA

Groundwater

GWMA
GWMP

Hazardous Waste

Hydraulic Conductivity

Washington State regulated man-made materials that
are potentially ignitable, corrosive, reactive, or toxic.

Groundwater that flows out of an aquifer into an
adjacent aquifer or the surface into a spring or river.

Department of Health.

A general term applied to all rock material transported
by glacial action.

Federal water quality regulations that limit the
contaminant levels of certain compounds for drinking
water.

Department of Ecology.
Environmental Impact Statement.
Environmental Protection Agency.

The physical and chemical processes that remove and
transport natural materials at the surface.

A man-made chemical used in the agricultural industry
as a pesticide.

The study of earth materials, processes, and history.
Gallons per minute.
Groundwater Management Act,

All water that is located below the surface, more
specifically subsurface water below the water table.

Groundwatér Water Management Area.
Ground Water Management Program.

Federally regulated man-made waste that is ignitable,
corrosive, reactive, or toxic.

The rate of flow of water through an area of permeable
material at a constant pressure.
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Hydraulic Connection

Hydrogeologic

Hydrostratigraphy
Igneous

Impermeable

Infiltration

Mesozoic

Metamorphic

mg/1

mgd

Nitrate

Outwash

Peat

Pentachlorophenol

Permeable

Pleistocene

The condition in which two water bearing layers or

‘bodies may freely transmit water between them.

Pertaining to subsurface water and water-bearing rock
or sediment layers.

The assemblage of layers of aquifers and aquitards.
A type of rock solidified from molten material.

A condition that prevents the flow of water through a
rock or sediment.

The downward movement of rain water or surface
water into soil.

A broad period of Earth's history estimated to be 225 to
65 million years ago.

A rock that has been physically and/or chemically
changed from an original texture and/or composition,
usually by very high temperatures or pressures below
the Earth's surface.

Milligrams per liter; a unit of concentration in water
equivalent to a part per million or 0.0001 percent.

Million gallons per day.

A compound commonly associated with domestic and
agricultural waste.

Layered sediments removed or washed out from a
glacier by melt water streams deposited in front of a
glacier.

A non-compacted deposit of organic material
commonly developed from bogs or swamps.

A man-made chemical commonly used as a wood
preservative.

The condition under which water may be transmitted
through rock or sediment.

A period of Earth's history estimated to be 2 million to
10,000 years ago.



ppm

Recent

Recharge
Saltwater Intrusion

SDWA

Sedimentary

SEPA
Stade

Stratigraphic
Tertiary

Till

Topographic
Transmissivity
Unconfined
'Water Table

Weathering

Part per million. A unit of concentration equivalent to
0.0001 percent.

Less than 10,000 years ago in Earth's history.

The process of absorption and addition of water to a
layer of soil, rock, or sediment.

The displacement of groundwater into an aquifer by
saline or sea water.

Safe Drinking Water Act.

A rock type that has been formed from fragments of
weathered natural material.

State Environmental Protection Agency.

A substage of glacial advancement during a major
glacial stage.

Pertaining to the composition and position of layers of
rock or sediment.

A period of Earth's history estimated to have occurred
between 2 and 65 million years ago.

A complex non-layered mixture of clay, silt, sand, and
gravel deposited directly by and underneath an active
glacier.

Pertaining to the general configuration of a land
surface.

The rate at which groundwater flows through a certain
thickness of aquifer under a certain pressure.

The condition at which groundwater in an aquifer is not
covered by an impermeable layer.

The surface between the zone of saturation with
groundwater and the zone of aeration.

The destructive process(es) by which the atmosphere
and surface water chemically changes the character of a
rock.
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SECTION 1
INTRODUCTION

PURPOSE

The purpose of this study is to characterize the nature and extent of groundwater
in western Snohomish County; to develop a concept for a Data Management
Program; to identify current groundwater protection programs and aquifer
protection strategies which may be appropriate for Snohomish County; to discuss
the relationships to the Growth Management Act (GMA); and to make
recommendations concerning future actions necessary to achieve comprehensive
groundwater management in Snohomish County. This study provides geologic
and hydrogeologic information for location of groundwater, estimation of
extraction volumes and rates of high quality groundwater, and the potential for
contamination at recharge arecas from man-made and naturally occurring
sources. The information presented in this report will ultimately be used for
short- and long-term planning purposes regarding water supply. It is
emphasized, however, that this study has limitations - it relies solely on
evaluation of previous studies and existing available data.

SCOPE OF WORK

The scope of work included the following tasks:

.0 Literature search for previous geologic, hydrogeologic, and water supply
studies -

0 Compilation of index map and references of previous work

0 Preparation of a geologic map, geologic cross-sections, aquifer and
recharge maps, and groundwater flow maps for hydrogeologic
characterization

0 Search of State records for groundwater rights

0 Snohomish County record search for locations of contaminated

groundwater wells, and assessment of nature and extent of groundwater
contamination in Snohomish County

0 Research and discussion of groundwater management protection
programs
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0 Research of the GMA requirements, particularly as it relates to aquifer
recharge areas

o Preparation of report summarizing all findings of the study

APPROACH

A General

The approach in preparation of this report has been to first present the
description of the study area (Section II) and background information
sources along with a discussion of the general geology of the area and an
identification of the various geologic units (Section III).

This is followed in Section IV with 1) a discussion of the major
hydrostratigraphic units in Snohomish County, the occurrence of
groundwater in such units, and the general aquifer parameters; 2) existing
groundwater right information; and 3) an identification of critical aquifer
recharge areas as required under the Growth Management Act.

The critical aquifer recharge areas were then categorized as to their
vilnerability to contamination; high, moderate, or low (Section V), with
Section VI being a discussion of groundwater quality, including the
arsenic problem in Snohomish County. In Section VII, 15 principal
aquifer systems have been identified and categorized by degree of
significance as a source of groundwater (i.e., regional, local, or limited).
Table VII-1, on page VII-13, presents an overview of specific
characteristics, including, among others, the yield potential, potential
quality problems, and recharge potential of each of the principal aquifer
systems.

The data management program is discussed in Section VIII,

Section IX is a discussion of the existing groundwater protection
programs that may have some applicability in Snohomish County.
Section X is directed toward an evaluation of each of the programs to
identify the best strategy for groundwater protection of the Snohomish
County aquifer system. Because development of a comprehensive
groundwater management program for the entire county evolved as the
best strategy, specific strategies for each of the principal aquifers were not
developed. These would be formulated through the groundwater
management program development process.

Section XI covers the conclusions and recommendations resulting from
the study. This includes general findings, identification of data



deficiencies, and strategies relating to compliance with the Growth

Management Act.

Presentation of Key Information

Snohomish County identified a number of key informational areas that
were addressed in the groundwater characterization study. For purposes
of indexing data and information contained in the report to these

informational areas, the following table is provided:

INDEX OF KEY INFORMATION
Subject.

Aquifers of regional significance
Aquifers of local significance ,
Aquifers of only limited significance
Aquifers susceptible to arsenic contamination
Current domestic and agricultural demand of
the aquifers
The relative vulnerability of each identified
aquifer to man-made contamination
The overall water quality of each aquifer
Policies which would be beneficial for
protecting the county’s groundwater aquifers
Groundwater strategies appropriate for each
individual aquifer
Recommendations on whether the county should
petition the Environmental Protection Agency
for additional sole source aquifer designations
Aquifers which warrant further, more detailed,
groundwater studies
Strategies which would be beneficial for
protection of each of the principal aquifers
(i.e., groundwater management areas, wellhead
protection zones, etc.)

Groundwater protection strategies which fulfill
the mandate of SHB 2929

I-3
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SECTION 11

STUDY AREA DESCRIPTION

The study area covers approximately 650 square miles and is characterized by six major
topographic plateaus separated by narrow streams and broad river channels several tens
to hundreds of feet deep (Figure II-1). The floodplains of the Snoqualmie, Skykomish,
Snohomish, and Stillaguamish Rivers form topographic, geologic, and hydrogeologic
boundaries between the piateaus. Regional surface drainage is generally westerly
towards Possession Sound and Port Susan.

The area receives an average of 30 inches of precipitation at the coast and 60 inches at
higher elevations in the east. Winter temperatures average 40°F, with summer
temperatures averaging 60°F. Snow falls during the winter at higher elevations,
although never deep enough to form a snow pack.

Snohomish County is one of the fastest growing areas in the United States. During the
past ten years, county-wide population increased over 27 percent. Land use patterns
range from highly urban in the southwest portion of the county to undeveloped forest
along the eastern edge of the study area. A number of primary transportation corridors,
including Interstate S (I-5), Interstate 405 (I-405), Highway 2, and the Burlington
Northern Railroad, cross through the study area (Figure II-2). There are 29 active and
inactive landfills (municipal, woodwaste, or demolition waste) in the study area. Nine
of these landfills, along with fourteen industrial and commercial facilities in the county,
are included on the Washington State Department of Ecology (Ecology) list of
confirmed or suspected hazardous waste sites. There are, according to Ecology, over
500 registered businesses in the county that are involved in activities that generate,
transport, treat, store or dispose of regulated dangerous wastes.

Beneficial uses of Snohomish County's aquifers include residential, commercial, and
industrial potable supplies serving an estimated one-third of the County's population.
Irrigation is primarily for seasonal yard and lawn watering, but also includes limited
agricultural crop irrigation. The quantity of water withdrawn for these purposes is not
known.

There are 772 public water supplies in Snohomish County, with 85- to 90-percent using
groundwater sources. Additionally, there are hundreds of individual water supplies,
with over 90-percent using groundwater sources.
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SECTION III
GEOLOGY

PREVIOUS STUDIES

Numerous geologic, hydrogeologic, and water supply studies have been
completed in the study area. U.S. Geological Survey (USGS) topographic and
geologic maps are available for the entire area. A study of the groundwater
resources of Snohomish County was completed by R.C. Newcomb in 1952. Since
then, several smaller scale studies have become available. Water supply studies
completed for water districts and municipalities have included estimates of
groundwater resources. All of these studies have been compiled into a reference
list and index map (Appendix A). These studies form the framework for the
geologic summary of the study area. Primary sources were Newcomb (1952);
USGS geologic maps; Booth (1984, 1989); Sweet-Edwards/EMCON (1988); and
Pessl, et al. (1989).

ENERAL DESCRIPTION AND RELATIONSHIP OF T

The study area contains three basic rock types: Tertiary or older sedimentary
and crystalline bedrock, semi- to unconsolidated fluvial, glacial, and marine
Pleistocene sediments, and recent alluvium (Figure III-1).

The depth to bedrock in the study area ranges from 0 feet in the east to a
maximum depth of 1,600 feet in the vicinity of Everett (Hall & Othberg, 1974).
Bedrock outcrops are found in the eastern portions of the study area and locally
along stream and river channels. Near-surface bedrock occurs as isolated
topographic "highs" in the eastern study area, exposed as outcrop or covered with
thin layers of Pleistocene sediments. Buried bedrock exists below thick layers of
Pleistocene sediments along the western study area boundary and is noted only
in deep borings.

Pleistocene sediments have covered the Puget Sound basin in layers ranging
from inches to several hundred feet in thickness. Pleistocene sediments occur
throughout the study area. These sediments may be absent at topographic highs
or where erosion in river valleys has been significant.

Alluvial sediments occur within river or lake systems as thin flat-lying sediments.
Recent alluvium is found along major stream and river channels. Thicknesses
range from 0 up to 100 feet. Older alluvium may form benches or terraces above
river valleys. Alluvium may be deposited directly onto bedrock where
Pleistocene sediments have been eroded.
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GEOLOGIC HISTORY

The Puget Sound basin has been in existence since Tertiary times when
sedimentary and volcanic basement rocks were folded downward between the
Olympic and Cascade ranges. The resulting basin provided an avenue for
several episodes of piedmont or ice sheet-type glacial flow from southwestern
Canada, with concurrent sedimentary deposition during the Pleistocene. Recent
post-glacial topographic modifications by erosion and deposition have been
minor, occurring primarily along river floodplains.

A minimum of two and perhaps four glacial episodes occurred during the
Pleistocene. A maximum of 1,000 feet of glacial, river, lake, and marine
sediments were deposited in the study area during the first glacial episodes and
interglacial periods (Thorsen, 1983). The final episode of glaciation, termed the
Vashon stade, was the most significant geologic influence on the development of
ground water in the study area. Approximately 20,000 years ago, the ice sheet
was in the vicinity of Vancouver, British Columbia; 18,000 years ago, the ice
sheet had reached the Port Townsend area and effectively isolated the Puget
Sound Basin from the Strait of Juan de Fuca.

A large lake developed in front of the ice front and thick sequences of fine-
grained sediments were deposited in the basin. As the ice advanced and reached
the maximum southern limits 14,000 years ago, lateral streams from the Olympic
and Cascade ranges were blocked by ice, diverting flow through temporary
channels. Thick sequences of coarse sands and gravels flowed from the ice front,
spreading over the basin and mixing with river sediments. The ice front
overrode the coarse sediments and deposited a veneer of till (a mixture of clay,
silt, and fine gravel). The ice reached a maximum thickness of 3,000 feet and an
elevation of approximately 5,000 feet above mean sea level (AMSL) in
Snohomish County. The weight of the ice compressed the till and depressed the
basin. Soon after the glacial maximum, the ice front began to recede as the rate
of accumulation of snow and ice became less than the rate of melting. By 12,500
years ago, the ice had retreated from the study area. Isolated lenses of sand and
gravel were deposited from the ice margins as the glacier retreated. After the
ice had retreated past the lateral streams and into the strait, rivers returned to
former channels and marine deposition continued (Thorsen, 1983).

The surficial and subsurficial geologic deposits form distinct layers that are
exposed at the surface and in deep borings in the study area. These deposits are
presented in geologic maps and geologic cross-sections, some of which are shown
in Figures III-2 to I[I-6. Well logs used to prepare selected cross-sections are
presented in Appendix B.



BEDROCK
A, Mesozoic Crystalline Rocks

Metamorphic and igneous rocks that were formed during the Mesozoic
Era (65 to 250 million years ago) are found along the eastern margins of
the study area, and extend into the Cascade Range. These rocks are
overlain by Tertiary sedimentary rocks and Pleistocene unconsolidated
sediments, and do not contain a significant quantity of ground water in
the area (Booth, 1984).

B. Tertiary Sedimentary Rocks

Tertiary sedimentary rocks are exposed in numerous areas in the east and
northern portions of the study area (Figure III-2). These rocks are
estimated to be approximately 24 to 58 million years in age and are
comprised of over 1,500 feet of shale, siltstone, sandstone, and coarse
gravel. They are exposed at the surface in stream and river bottoms,
along hilislopes, and as isolated erosional remnants on hilltops (Booth,
1984).

PLEISTOCENE UNCONSOLIDATED SEDIMENTS

Three episodes of glaciation are believed to have occurred in the study area,
depositing sediments called the Vashon drift, the Possession drift and the
Double Bluff drift. The glacial sediments and all sediments deposited before
and between the glacial episodes are deposited in thicknesses up to 1600 feet in
the study area. The sediments associated with the Double Bluff and Possession
drifts are found at elevations between -100 and 200 feet above sea level. Surface
exposures of these sediments are restricted to coastal cliff faces. The most
recent Vashon drift and associated sediments are found extensively from ground
surface to depths of 0 to 200 feet above sea level (Thorsen, 1983, Sweet-
Edwards/EMCON, 1988).

A Pre-Double Bluff Drift Sediments

At least 200 feet of sediments occur below the Double Bluff drift. The
unit consists mostly of alternating beds of sand, silt, and clay, although
peat layers, wood fragments, and gravel are reported at several locations
throughout the section. These beds lie entirely below sea level and are
primarily found below the Tulalip and Intercity plateaus.

B. Double Bluff Drift

The Double Bluff drift is a glacial till with scattered layers of sand, gravel,
silt, clay, and some marine glacial drift. The formation is believed to

III-3



underlie the southern and western portions of the study area and may be
up to 70 feet thick. It is not exposed at the surface in southern
Snohomish County, but elsewhere typically occurs at or near sea level.

Whidbey Formation

The Whidbey formation consists of layered, commonly oxidized, medium-
to coarse-grained sand. Peat beds and organic clay/silt beds are common
in the upper part of the unit. The sediments are representative of river,
floodplain, and swamp deposits. The unit may be as thick as 175 feet on
Whidbey Island in Istand County, although the total thickness and
relationship to underlying formations is largely unknown in the study
area, The Whidbey formation outcrops in' limited areas along the
Possession Sound shoreline.

Possession Drift

The Possession drift formation is probably present beneath most of the
western portion of the study area but may be absent locally due to
erosion. Depth to the unit varies with topographic elevation but may be
in excess of 400 feet. Typically this unit is a gray, dense, non-sorted till,
similar to the Vashon till. The unit measures up to 40 feet thick, and
outcrops are common just above sea level along the Possession Sound
shoreline.

Olympia Gravel

The Olympia gravel formation is likely present beneath the entire
western portion of the study area. It is exposed at or near sea level in
"several localities along the Possession Sound shoreline, and likely occurs
as water-bearing sand and gravel layers beneath the Marysville trough
and the Snohomish-Snoqualmie and Stillaguamish river floodplains. The
Olympia gravels may be the stratigraphically highest aquifer on upland
regions where Advanced Outwash sediments associated with the Vashon
drift were not deposited or removed by erosion, particularly on the
Tulalip or Intercity plateaus. The formation consists predominately of
layered, coarse sand and gravels.

Transitional Beds

The Transitional beds range in thickness up to 300 feet and are present
beneath much of the study area. They consist of layered, medium to dark
gray clay, silt, and fine to very fine sand. The units locally change
vertically and laterally into coarser sediments of the Advanced Outwash,
but may also be eroded by overlying sediments. The compositional
features of the unit range from thinly layered clay and silt to thick beds of

114
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clay and siit. Thin layers of sand are scattered throughout the
Transitional beds. The unit forms a thick, relatively continuous layer
between the underlying Olympia gravels and overlying Advance Outwash.
The sediments were likely deposited with the advancement of the Vashon
ice front that dammed the Puget Sound basin, forming a large lake. The
Transitional beds outcrop on steep slopes along stream valleys and beach
cliffs.

Vashon Advance Quitwash

The advance outwash formation underlies a large portion of study area,
particularly in the topographically high plateau regions (Figure III-2).
The unit is absent where pre-Vashon topography was too high for
deposition or where subsequent erosion by the advancing ice or post-
glacial rivers removed the sediments. The advance outwash unit is
discontinuous and becomes finer grained and thinner east of Monroe.
The sediments may reach up to 350 feet in thickness on the Tulalip and
Intercity plateaus.

The unit consists predominantly of gray layered sand overlain by sandy
gravel with occasional cobbles. The unit is locally silty and oxidized,
particularly where derived from weathered Tertiary sedimentary rocks.
The unit typically coarsens upward, from thick fine sand beds near the
Transitional beds, through medium to coarse sands in the center, to sand
and gravel at the top. The outwash was deposited on moderately flat
surfaces of Transitional beds by meltwater flowing into ponded areas and
as braided streams in front of the advancing ice stream. Channel deposits
occur locally within the unit or the Transitional beds.

Vashon Till

The Vashon till is found throughout the study area on plateaus and
locally beneath the surface of the Marysville trough (Figure III-2). The
till has been plastered to the pre-existing topographic surface to a
thickness of 5 to 100 feet. Vashon till consists of a non-sorted, compact
mixture of clay, silt, sand, cobbles, and boulders. Layers of silty and sandy
sediments occur locally within lower portions of the unit. The Vashon till
is a significant impermeable barrier between the underlying advance
outwash and the surficial deposits above.

Recessional Outwash
The recessional outwash is generally discontinuous and occurs as isolated
deposits lying atop Vashon till, as valley fill (Marysville Trough), and as

terraces above stream valleys (Arlington Plateau) (Figure III-2). The
recessional outwash may also locally lie directly atop and in hydraulic
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connection with the advance outwash. The recessional outwash ranges in
thickness from a few feet to approximately 100 feet in the study area.
Recessional outwash deposits are layered glacial and marine sediments
consisting of partly oxidized sand and gravel, and locally contain beds of
silt and clay. The recessional outwash is much more permeable than the
Vashon till and generally does not form a hydraulic barrier.

RECENT ALLUVIUM

Post-glacial depositional and erosional processes modified the glacial landforms
and former stream and river valleys. Alluvial sediments are found primarily in
stream channels and river basins (Figure III-2). Older alluvium forms terraces
composed of sand and gravel above existing floodplains. Younger alluvium has
been deposited by existing river and lake systems with sand, silt, and clay in the
upper layers of the alluvium. The alluvium becomes increasingly finer grained
generally towards the west, closer to the river outlets into Possession Sound and
Port Susan. Coarse sand and gravels are found in deeper levels of the alluvium
and closer to the stream headwaters. These coarser zones are highly permeable
and hydraulically connected to 