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CHAPTER 1

INTRODUCTION TO GROUND WATER PROTECTION

Ground water is one of Washington's most important and fragile natural resources
Presently 95% of the state's public water systems, serving over 2,000,000 citizens, depend
on ground water supplies Yet this resource is threatened Landfills, uriderground
storage tanks, agricultural and household use of pesticides and fertilizers, urban runoff,
septic systems, industrial practices and the impacts of irrigation and overpumping are
affecting our ground water.

In 1984, the Washington State Legislature took a step toward protecting the state's
ground water resources by approving House Bill 1138 HB 1138 directs local governments
to address the impact of development on ground water. It requires all comprehensive
land use plans to provide for protecting the quality and guantity of ground water used for
public water supplies.

Since aquifers often span several jurisdictions, protecting ground water will require
regional cooperation and planning. A second legislative act, SHB 232, complements the
provisions of HB 1138 by providing a program to support such cooperative efiorts,

Following passage of these two bills, Washington's Department of Ecology awarded King
County a grant to prepare this handbook The handbook is designed to help planners
and decision makers in local government understand how to shape growth without
damaging ground water resources It is also designed to help them:

1. discriminate between sensitive and relatively insensitive ground water areas,
2. incorporate ground water protection measures into local land use plans, and
3 contract intelligently with ground water consultants.

The handbook provides basic information and tools for guiding local ground water
protection efforts. it can also be used as a resource for grasping issues and educating

decision makers,

The following chapter, Chapter Two presents general principles of ground water hydrology,
including basic terms and concepts used in ground water science. Chapters Three and
Four cover the two major threats to ground water: depietion and contamination Each
chapter explains how these problems are caused and how they can be detected. Chapter
Five describes an array of methods for defining sensitive areas--the places where ground
water could easily be contaminated Chapter Six outlines how ground water protection
can be incorporated into a comprehensive plan and how land use and development
controls can be used to implement the plan. Chapter Seven describes ground water
information government agencies and private coniractors can provide and special
programs or services that are available. Chapter Eight covers the kind of information a
consultant can provide, and what time and costs may be invoived

The handbook is presented in binder form so that planners may supplement this material
with local data, area maps and new information as it becomes available.
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CHAPTER 2

BASIC GROUND WATER HYDROLOGY

INTRODUCTION

This chapter reviews basic terms and concepts used in ground water science. -
it also describes where aquifers are found in Washington State.

HYDROLOGIC CYCLE

The hydrologic cycle is a constant movement of water above, on, and below the earth's
surface. It is a cycle which replenishes ground water ‘supplies. It begins as water
vaporizes into the atmosphere from vegetation, soil, lakes, rivers, snowfields and

oceans -- a process called evapotranspiration. '

As the water vapor rises it condenses to form clouds which return water to the land
through precipitation: rain, snow, or hail Precipitation falls on the earth and
either percolates into the soil or flows across the ground Usually it does both:
When precipitation percolates into the soil it is called infiltration; when it flows
across the ground it is calied surface runoff. The amount of precipitation that
infiltrates, versus the amount that flows across the surface, varies depending on
tactors such as the amount of water already in the soil, soil composition, vegetation
cover and degree of slope.
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surface runofi eventually reaches a stream or other surface water body where it is
again evaporated into the atmosphere. Infiltration, however, moves under the force
of gravity through the soil. [f soils are dry, water is absorbed by the soil until

it is thoroughly wetted. Then excess infiltration begins to move siowly downward to
the water table. Once it reaches the water table, it is called ground water.

Ground water continues to move downward and laterally through the subsurface.
Eventually it discharges through hillside springs or seeps into streams, lakes, and
the ocean where it is again evaporated to perpetuate the cycle.

GROUND WATER AND SUBSURFACE WATER

Most rock or soil near the earth's suriace is composed of solids and voids. The
voids are spaces between grains of sand, or cracks in dense rock. All water beneath
the land surface occurs within such void spaces and is referred to as underground or

subsurface water.

Subsurface water occurs in two different zones. One zone, iocated immediately
beneath the land surface in most areas, contains both water and air in the voids
This zone is referred to as the unsaturated zone. Other names for the unsaturated

zone are zone of aeration and vadose zone.
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The unsaturated zone is almost always underlain by a second zone in which all voids
are full of water. This zone is defined as the saturated zone. Water in the
saturated zone is referred to as ground water and is the only subsurface water
available to supply wells and springs. '

Water table is often misused as a synonym for ground water. However, the water table
is actually the boundary between the unsaturated and saturated zones [t represents
the upper surface of the ground water. Technically speaking, it is the fevel at

which the hydraulic pressure is equal to atmoespheric pressure. The water level found
in unused wells is often the same level as the water table, as shown in Figure 22

AQUIFERS AND CONFINING BEDS

All geologic material beneath the earth’s surface is either a potential agquifer or a
confining bed. An aquifer is a saturated geologic formation that will yield a usable
quantity of water to a well or spring. A confining bed is a geologic unit which is
relatively impermeable and does not yield usable quantities of water. Confining

beds, also referred to as aquitards, restrict the movement of ground water into and
out of adjacent aguifers.

Ground water occurs in aquifers under two conditions: confined and unconfined A
confined aquifer is overlain by a confining bed, such as an impermeable layer of clay
or rock. An unconfined aquifer has no confining bed above it and is usually open to
infiltration from the surface.

Unconfined aquifers are often shallow and frequently overlie one or more confined
aquifers. They are recharged through permeable soils and subsurface materials above
the aquifer. Because they are usually the uppermost aquifer, unconfined aquifers are
also called water table aquifers.

Contined aquifers usually occur at considerable depth and may overlie other confined
aquifers. They are often recharged through cracks or openings in impermeable layers
above or below them Confined aquifers in complex geological formations may be
exposed at the land surface and can be directly recharged from infiltrating precipi-
tation. Confined aquifers can also receive recharge from an adjacent highland area
such as a mountain chain. Water infiltrating fractured rock in the mountains may
flow downward and then move laterally into confined aquifers.

Windows are important for transmitting water between aquifers, particularly in gla-
ciated areas such as the Puget Sound region. A window is an area where the confining
bed is missing.

The water leve!l in a confined aguifer does not rise and fall freely because it is
bounded by the confining bed - like a lid. Being bounded causes the water to become
pressurized. In some cases, the pressure in a confined aquifer is sufficient for a

well to spout water several feet above the ground Such wells are called flowing
artesian wells. Confined aquifers are also sometimes called artesian aquifers.

When a well is drilled into an unconfined aquifer, its water level is generally at

the same level as the upper surface of the aquifer. This is, in most cases, the
water table. By contrast, when a well is drilied into a confined aquifer, its water
level will be at some height above the top of the aquifer and perhaps above the sur-
face of the land -- depending on how much the water is pressurized
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if a number of wells are drilled into a confined aquifer, the water level will rise

in each well to a certain level These well levels form an imaginary surface called
the potentiometric surface. The potentiometric surface is to a confined aquifer what
the water table is to an unconfined aquifer. It describes at what level the upper
surface of a confined aquifer would occur if the confining bed were removed.

Water Tahle Well Artesian Well

Potentiometric Surface

Unconfined
Aquifer

Unsaturated Zone

Water Table ||

Confining
Bed

Saturated Zone

Confined
Aquifer

Figure 2.3 Aquifers and Confining Beds

The most productive aquifers, whether confined or unconfined, are generally in sand

and gravel deposits. These tend to have large void spaces for holding water, Rocks
with large openings such as solution cavities or fractures can also be highly produc-
tive aquifers. Generally, the smaller the grain size or the less fracturing, the

less water an aquifer will produce. This is because there are fewer void spaces for

hoiding water

GROUND WATER RECHARGE AND DISCHARGE

Recharge is the process by which ground water is replenished. A recharge area is
where water from precipitation is transmitted downward to an aquifer

Most areas, unless composed of solid rock or covered by development, allow a certain
percentage of total precipitation to reach the water table However in some areas
more precipitation will infiltrate than in others. Areas which transmit the most pre-
cipitation are ofien referred to as “high™ or “critical” recharge areas.
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As described earlier, how much water infiltrates depends on vegetation cover, slope.
soil composition, depth to the water table, the presence or absence of confining beds
and other factors. Recharge is promoted by natural vegetation cover, flat

topography, permeéable soils, a deep water table and the absence of confining beds

Discharge areas are the opposite of recharge areas. They are the locations at which
ground water teaves the aquifer and flows to the surface. Ground water discharge
occurs where the water tablie or potentiometric surface intersects the land surface
Where this happens, springs or seeps are found Springs and seeps may flow into
fresh water bodies, such as lakes or streams, or they may flow into saltwater bodies.

Under the force of gravity, ground water generally flows from high areas to low
areas Consequently, high areas-—such as hills or plateaus--are typically where
aquifers are recharged and low areas--such as river valleys--are where they dis-
chiarge. However in many instances aquifers occur beneath river valleys, so river
vaileys can also be important recharge areas Typical recharge and discharge areas
are depicted in Figure 24.
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Figure 2.4 Recharge and Discharge Areas
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GROUND WATER MOVEMENT

Gravity is the force that moves ground water which generally means it moves downward.
However, ground waler can also move upwards if the pressure in a deeper aquifer is
higher than that of the aquifer above it. This often occurs where pressurized con-
fined aquifers occur beneath unconiined aquifers.

A ground water divide, like a surface water divide, indicates distinct ground water

flow regions within an aquifer A divide is defined by a line on either side of

which ground water moves in opposite directions. Ground water divides often occur in
highland areas, and in some geologic environments coincide with surface water divides.
This is common where aquifers are shallow and strongly influenced by surface water
flow. Where there are deep aquifers, surface and ground water flows may have little
or no relationship.

As ground water flows downwards in an aguifer, its upper surface slopes in the direc-
tion of flow This slope is known as the hydraulic gradient and is determined by
measuring the water elevation in wells tapping the aquifer For confined aquifers,

the hydraulic gradient is the slope of the potentiometric surface. For unconfined
aquifers, it is the siope of the water table

The velocity at which ground water moves is a function of three main variables:

- hydraulic conductivity (commonly called permeability)
- porosity
- hydraulic gradient

The hydraulic conductivity is a measure of the water transmitting capability of an
aquifer. High hydraulic conductivity values indicate an aquifer can readily transmit
water; low values indicate poor transmitting ability. Because geologic materials

vary in their ability to transmit water, hydraulic conductivity values range through

12 orders of magnitude Some clays, for example, have hydraulic conductivities of
00000001 centimeters per second (cm/sec), whereas gravel hydraulic conductivities
can range up to 10,000 cm/sec. Hydraulic conductivity values should not be confused
with velocity even though they appear to have similar units. Cm/sec, for example, is
not a velocity but is actually a contraction of cubic centimeters per square cen-
timeter per second {cm3/cm2-sec).

In general, course-grained sands and gravels readily transmit water and have high
hydraulic conductivities (in the range of 50-1000 m/day)} Fine grained silts and
clays transmit water pootly and have low hydraulic conductivities (in the range of
001-01 m/day)

The porosity of an aquifer also has a bearing on its ability to transmit water

Porosity is a measure of the amount of open space in an aquifer. Both clays and gra-
vels typically have high porosities, while silts, sands, and mixtures of different

grain sizes tend to have low porosities,

The velocity at which water travels through an aquifer is proportional to the
hydrautic conductivity and hydraulic gradient, and inversely proportional to the
porosity. Of these three factors, hydraulic conductivity generally has the most
effect on velocity Thus, aquifers with high hydraulic conductivities, such as sand
and gravel deposits, will generally transmit water faster than aquifers with lower
hydraulic conductivities, such as silt or clay beds.
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Ground water velocities are typ:caily very slow rangmg from around a cennmeter per
day to almost a meter per day. However, some very rap|d ffoWw can occur in rtock with
solution cavities or in fractured rock. Very high fiow rates (more than 15 m/day)

are associatdd, for example, with some parts of thé Columbia River basalt in eastern
Washington

The voluime of ground water flow s controfled by the hydraulic conductivity and gra-
dient, and in addition is controlled by the volume of the aquifer. A jarge ai}i'l’i:fé'r
will haVe a greater volume of ground water flow than a smaller aqurfer with sirilar
Rydrauiic properties But if the cross-séctional area—that is, the height and width
-are the same for both aqun‘ers the aqun‘er with a greatef hydraulic conductivity
and hydraulic gradient wili prodice a greater volumé of water

WATER SUPPLY WELLS

How a'qﬁifgrs respoiid when water is withdrawh frof a Well is an important topic in
ground water hydrofogy. It explains how a well gets its water, how it can deplete
adjacent wells, or hoWw it can induce cohtanination.

When water is withdrawn from a well, its water level drops. When the water level
talls below the water level of the surrounding aquifer, ground water flows into the
well. The rate of inflow increases until it equals the rate of withdrawal.

The movement of water from an aquifer into a well alters the surface of the aquifer
around the weli. It forms what is called a cone of depress:on A cone of depression
is a funnel-shaped drop in the aquifer's surface. The well itself pengirates the
bottom of the cone. Within a cone of depression, all ground water flows to the well.
The outer limits of the cone define the well's area of influence '

Unconfined Aquifer

. lelts of
Cone of Depression

Land Surface_

Figuré 2 5 Cone of Depression
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The size of a cone of depression partly depends on the rate at which water is
wiihdrawn from a well A well from which a high volume of water is withdrawn wili
generally have a larger cone of depression than a well from which smaller quantities
are taken--if both wells tap the same aquifer and are at the same depth. Also, all
other factors being equal, pumping from an unconfined aquifer usuaily results in a
larger cone of depression than pumping from a confined aquifer.

Sometimes the cone of depression formed around one well will overlap that of a nearby
well. When this happens, the well with the wider and deeper cone of depression could
draw water away from the smaller well, eventually causing the water level to drop in
the smaller well.

If contaminants are discharged or migrate into a cone of depression, they are likely
to be drawn into a well. Contaminants can also be drawn into a well if the cone of
depression enlarges to the extent that it intercepts contaminated ground water

GROUND WATER IN WASHINGTON

The main ground water provinces of Washington State are illustrated on Figure 26 and
described below. These provinces generally follow those outlined in the Washington
Department of Ecology Gechydrologic Monograph 5 titted Principal Aquifers and Well
Yields in Washington by Molenaar, Grimstad, and Walters, 1880

1.  Puget-Wiillamette Lowland: The northern portion of the Puget-Willamette lowiand
is underlain by layers of giacial and non-glacial sediments exceeding 3000 feet
in thickness in some areas. Principal aquifers in this region are found in gla-
cial outwash deposits which are composed primarily of sand and gravel. The
southern pottion of the lowland is underiain by river alluvium (sediment depo-
sited by rivers) associated with the Chehalis, Cowlitz, and Columbia Rivers. The
principal aquifers in this region occur in sand and gravel deposits within the
alluvial sediments.

2 Coastal Areas: The principal aquifers in coastal areas occur in thick beach
sand deposits or in terrace sands and gravels River alluvium is also an impor-
tant water source :

3. Olympic Mountains: The Olympic Mountain province is underiain by dense sedimen-
tary and volcanic bedrock which yields little ground water The most productive

aquifers occur in river alluvium.

4 Willapa Hills: The principal aquifers in the Willapa Hills province occur in
river alluvium. Areas of higher ground in the region are underlain by volcanic

and sedimentary rock yielding little water.

5. Cascade Mountains: The Cascade Mountains and associated foothills constitute
a single ground water province despite wide variation in geologic conditions
Some of the volcanic rocks underlying the southern Cascade Mountains are highly
permeable and are excellent aquifers. However, most aquifers currently used for
~ water supply occur in river alluvium or glacial outwash deposits in valleys
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Yakima/Horse Heaven Hills: The Yakima/Horse Heaven Hills region includes peri-
meter rocks associated with the uplift of the Cascade Mountains. The principal
aquifers are in folded and faulted basalts or in river alluvium.

Central Columbia Basin: The central Columbia Basin is underfain by widespread
volcanic basalt flows. These basait flows, generally referred to as the Columbia
River basalt, include a number of waterbearing zones and are the principal
aquifers. Unconsolidated sediments between lava flows also yield considerable
quantities of ground water.

Blue_Mountains: The Blue Mountain province is also underiain by Columbia River
basalt, but the basalt has been uplified, folded and faulted Aquifers occur
within the basalt but rugged topography limits their use. Principal aquifers in
this region occur in alluvium found along the Snake River and smaller river

valleys,

Palouse: The Palouse region is covered by thick deposits of loess (wind blown
dust) which overlie Columbia River basalt The principal aguifer in this pro-
vince occurs in the basalt. Some aquifers are also found in atluvial deposits
along stream valleys.

124

WASHINGTON

Figure 2.6 Ground Water Provinces in Washington
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10. Spokane: The central portion of Spokane County is a unique province containing
the Spokane-Rathdrum Aquifer. This aquifer interacts with the Spokane River and
is the major source of water supply for the region. It consists of thick alluvial

deposits overlying granitic bedrock.

11. Okanogan: The Okanogan region is underiain by granitic and metamorphic bedrock
The principal aquifers are restricted to thick glacial outwash deposits of sand
and gravel. These are found in the glacially-formed valleys of the Okanogan,
Sanpoil, Colville, and Pend Oreille Rivers and tributary valleys.

12 San Juan lIslands: The San Juan Islands are underlain by metamorphic and sedimen-
tary bedrock which yield little water. Principal aquifers are small, scattered
deposits of sand and gravel covering the bedrock. These provide limited ground

water supplies.
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CHAPTER 3

THREATS TO GROUND WATER RESOURCES: GROUND WATER DEPLETION

INTRODUCTION

The problem of diminishing ground water resources has gained nationwide attention over
the last decade. Many communities now face major water supply problems This is
forcing planners and government decision makers to review how land use plans and poli-
cies affect ground water,

This chapter describes ground water depletion problems that have occurred in
Washington. It also explains how development reduces the quantity of ground water
available for our use, what the consequences of ground water depletion are and how to

detect depletion.
GROUND WATER DEPLETION IN WASHINGTON

in spite of the abundant rainfall in some parts of the State, Washington's ground water
supplies are diminishing., At the same time, population growth and expanding industrial
and agricultural development are placing greater demands on the state's ground water
resources. :

In western Washington, residents of island and coastal areas have been the first to see
the onset of ground water depletion. The problem is especially setious in areas where
there are no alternative sources of drinking water. Over the last ten years, there have
been periodic water shortages in San Juan and Island Counties as well as some mainland
coastal areas in lower Puget Sound.

in eastern Washington, the residents of many communities depend on ground water for
crop irrigation and for drinking water. Agricultural development along the Columbia
Plateau has put a serious strain on some ground water supplies. For exampie, water
levels are dropping at a rate of up to 20 feet per year near Maoses Lake. However, in
some places on the Plateau, irrigation has created an over-abundance of ground water.
This raises the water table which can then flood basements, create swamps, cause septic
system failures, and buckle pavement. While this problem is not covered in the hand-
book and is not widespread in Washington, it is important to recognize as another type
of ground water problem.

HOW DEVELOPMENT CAUSES GROUND WATER DEPLETION

The quantity of water available for use within a community depends on the flow of waier
into and out of its aquifers. Under natural conditions, aguifers are in a state of dynamic
equilibrium between recharge, leakage to other aquifers, and discharge. Human activities
alter this balance

Development Reduces Aquifer Recharge
In most cases, after an area is developed, less precipitation reaches aquifers than it did
before. This is because structures and pavement seal areas which. prior to development,

allowed precipitation to filter into the soil and eventually into aquifers. The more an area
is developed, the less water will reach any aquifers beneath it |If less water is going
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into an aquifer but the same amount is being discharged or withdrawn, the water leve! in
the aquifer will start to drop. If nothing is changed, the aquifer is gradually depleted.

Aquifer recharge is also reduced by urban draihage systems. Under natural conditions a
certain percentage of surface water runoff will eventually infiltrate the soil. But once
intercepted by drainage channels or directed into pipes, surface water is rapidly
transported to various outlets (rivers, lakes, the sea) where it is lost as a source of
recharge.

Development Reduces Aquifer Storage

When more water is withdrawn or discharged from an aquifer than is recharged (referred
to as dewatering the aquifer), the volume of water stored in the aquifer will diminish.

Development reduces aquifer storage primarily as a result of overpumping the aquifer.
Overpumping occurs when water is withdrawn at a faster rate than the aquifer is reple-
nished Unless pumping rates are reduced and remain within the limits of the aquifer's
safe yield, it will be depleted Safe yield is a term used to define the volume of water
that can be withdrawn from an aquifer before there are negative consequences, such as
a permanent decline in water levels,

Aguifer storage can also be reduced in other ways. For example, making deep excava-
tions, such as a gravel pit, often requires continuous pumping to remove ground water
that discharges into the excavated area. OQver iime, a significant volume of water once
stored in the aquifer can be removed.

Installing underground pipes can also take water out of an aquifer. Sewet systems or
other underground utilities often have faulty pipe connections or cracks allowing ground
water to flow into the system and be removed from the aquifers.

Consequences of Ground Water Depletion

As ground water depletion develops, water districts may have to enforce rationing
programs because of reductions in well system yields. Shallow wells can go dry requiring
costly drilling to develop new, deeper wells or to deepen existing wells. Water withdrawn
from deeper aguifers sometimes smells or tastes bad, and costly treatment may be
needed Deeper wells also require farger pumps and higher energy costs.

Ground water depletion can also cause contamination of aquifers. When the volume of
water stored in an aquifer is reduced, an inflow of water from surface water bodies or
adjacent aquifers can occur. I these sources are contaminated, they will also con-
taminate the aquifer. In coastal areas, this process can cause seawater to flow into
freshwater aquifers.

Ground water depletion can cause water levels in streams, lakes and wetlands to drop. |t
can even result in the complete loss of surface water flows since ground water is the
base flow of many streams and recharges numerous surface water bodies.

In extreme cases ground water depistion causes land subsidence. When this occurs the
land surface drops as underlying aquifers lose their water
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HOW TO DETECT GROUND WATER DEPLETION

The previously desciibed cohsequencds of grouhid water depletion €an also bé symptoms
of depletion. For example, 1 Yocal water districts begin to enforce rationing programs
during dty peridds, or if streams that uged to run year-tound go dry in the summer,
ground water deptetion may be underway Any sign of such problems warrants further
investipation

The following section describes three ways to determine if depletion is occurring: 1} by
exarining water leve! records 2) by monitoring water levels, and 3) by conducting a water
balancé study.

Examihing water leveis would be a good first step to take if there are signs of ground
water depletion. If suech a survey indicates water levels are drepping, then monitoring
water levels could help to verify that information and reveal more about the problem--
such as which aquiférs are involved and how fast depietion is happening Conducting a
water batance study could provide further information about the capacity of aquifers as
well as a means for managihg their use.

Examining Water Level Records

Water districts and water ¢ompanies usually have records of well water levels taken at
various times during a yeéar and for a number of years. Such rectrds are also available
from the Department of Ecolegy. By gatheéring this informatioh, plotting it oh a map and
comparing the water levels recorded one year with that of other years, a decline in
aquiter water levels can be detected.

Well data whieh show regional declines in water levels may indicate depletion is a serious
problem. Smaller scale localized declifies are niot usually as significant since they may be
simply due to short term changes in local weather conditions or seasonal fluctuations

Moiiitoring Water Levels

The first step in monitoring water levels is to identify the wells that will be included in
the study. Sometimes water levels in suffacé water bodies are also monitored because
they may be recharged by grouhd water. If there are not enough existing wells from
which to make a good assessment, wells may have to be drilled Onee the weli network
is established, water fevels ate recorded frequently dufing a year to distinguish seasonal
fluctuations ahd for enough years to distinguish long-term water level trends. Water level
informatien is plotted bh maps and on graphs in order to help identify local or regiocnal
grouht water leével declines.

Conducting A Water Balance Study

Whether or not depletion is occurihg or may occur can be predicted by doing a water
balanee study. Water balance studies evaluate thé entire flow of water into and out of
the aguifer system, enabling experts to calculate depletion magnitude. The resulting data
permits a safe yield to be determined for the aquifers involved. Once the safe vield is
estimated. it can be used in managing pumping activities.
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CHAPTER 4

THREATS TO GROUND WATER: GROUND WATER CONTAMINATION

INTRODUCTION

Ground water contamination is increasingly recognized as a serious environmental
problem both nationally and here in Washington Once contaminated, public water
supplies can be unsafe to use for decades. Contaminant identification and cleanup is
often difficult and prohibitively expensive, and can require years to complete.

This chapter describes some of the ground water contamination problems that have
already occurred in Washington. It also describes what causes contamination and how

it can be detected
GROUND WATER CONTAMINATION IN WASHINGTON

Ground water quality in Washington is stil very good But a growing number of con-
tamination problems have occurred throughout the state. Some of the more serious
problems have been related to sea water intrusion, industrial development, agri-
culture, septic systems and sanitary landfills.

Seawater intrusion is a potential problem in all coastal areas of the state. It is
already a particularly serious problem in Island and San Juan counties, where resi-
dents depend almost entirely on ground water for public water supplies.

Inadequate disposal of industrial wastes and accidental spills have caused widespread
ground water contamination--especially in Washington's urban areas Even spills or
releases from small facilities have been a problem For example, solvent siudges

from a small dry cleaning plant south of Tacoma were reportedly disposed of through a
septic system. Various organic compounds in the solvent migrated into a major

aquifer where they were drawn into two public water supply wells. After con-
tamination was detected both wells were taken out of service. A muitimillion dollar
treatment system had to be designed to bring the wells back on-line.

Agriculture has been a source of contamination in a number of rural areas. Ground
water contamination from the use of agricultural pesticides has occured in the Yakima
and Skagit Valley areas. Agricultural fertilizers have bsen linked to ground water
contamination in Benton, Walla Walla and Spokane Counties. Along the Columbia.
Plateau, farmland irrigation has led to an accumutation of salts in ground water

Septic systems, the most widely used method for disposing of domestic wastes, have
caused ground water contamination in nearly all of the counties in Washington

Ground water contamination has been linked to landiills in King, Clark, Kitsap,
Okanagon, Whatcom, Pierce and Spokane counties. For example, volatile organic con-
taminants from Spokane's Colbert landfill were found in water supply wells one and a
half miles away. Poor location and poor construction of the landfill contributed to

the problem.

There are more than 450 sanitary landfills in Washington, all of which should be con-
sidered potential sources of ground water contamination. Approximately 30% of these
sites have documented ground water contamination. However, the fuil extent of land-
fill generated contamination has yet to be evaluated statewide

42



HOW DEVELOPMENT CAUSES GROUND WATER CONTAMINATION

Ground water contamination usually results from the release of some harmful substance
or microbe on or just below the ground surface. Once released, it moves towards

the water table. There are several means by which this happens. Some substances
dissolve or are carried in suspension to the water table with infilirating water.

Other substances, such as petroleum products, are not readily soluble and migrate to
the water table under the force of gravity.

Movement of Contaminants

Because ground water flows in a basically linear fashion, contaminants that dissolve
or are carried in suspension will follow ground water flow lines. As a result, they
can form distinct plumes as illustrated in figure 4.1.

Plumes of contaminated ground water have been traced from a few feet to several miles .
from the poliution source. The shape and size of a plume depends on a number of fac-
tors including the geologic framework, ground water flow patterns, the type and con-
centration of contaminants, and the rate of contaminant leaching.
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Figure 4-1 Contaminant Plume in a Water Table Aquifer
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The mobility of ground water contaminants in a plume is determined by a number of
factors including the physical and chemical characteristics of the aquifer, the velo-

city of the ground water, and the solubility of the contaminant. Some compounds such
as nitrates are extremely soluble and, depending on aquifer conditions and ground
water movement, can be very mobile. Others, such as PCB’'s, are very insoluble and
not very mobile.

Predicting the movement of contaminants in ground water is difficuit. Fortunately,
the soil and other subsurface materials act as a treatment system for many ground
water contaminants, particularly biological organisms. Contaminants can be immobi-
lized or completely removed while traveling to an aquifer--as a resuit of biological
activity or chemical reactions with the soil. Such processes are said to attenuate
contaminants.

Types of Contaminants

There are four basic groups of contaminants:
Microbial pathogens

Organic chemicals

Inorganic minerals and metals
Radionuclides .

C 000

Microbial Contaminants

Microbial organisms occur naturally in ground water, but usually only in small quan-
tities. This is because they are filtered out by the soil or cannot survive once

they reach the water table. However, when microbial contamination does occur, a
variety of problems are created for human beings and animals The major microbial
categories are bacteria, viruses, and parasites. The most common sources of micro-
bial contaminants are septic systems, leaking sewers, and farm animalis,

Table 4.1 lists typical microbial pathogens and indicates their effects on human
health

State water quality standards set a maximum contaminant level for total coliform bac-
teria (Eschericha coli} and public water systems must regularly test for this

microbe. The presence of coliforms can mean other microbial pathogens are in the
water supply. For this reason, the coliform count is used as an indicator of micro-
bial contamination. Other microbial contaminants aren't monitored except under spe-
cial circumstances.

44



TABLE 4.1
Typical Microbial Pathogens

Name Organism Type Effect on Humans

1. Entamoeba histolytica Protozoa Amosebic dysentery

2 Giardia lamblia Protozoa Giardiasic (Diarrhea)

3. Round worms, flat worms Parasitic worms Gastrointestihal Disease

4  Cainpylobacter Jeduni Bacteria Gastroenteritis

5 Enteropathogenic Eschericha coli Bacteria Gastroenteritis

6. Vibrio cholera Bacteria Cholera

7. Salmonella typhosa Bacteria Salmonellosis (Diarrhea)
Salmonella typhi Bacteria Typhoid
Salmonella para typhi Bacteria Para Typhoid

8 Shigella dysenteri Bacteria Bacillary dysentery
Shigella sonnei Bacteria Bacillery dysentery

9.  Yersina enterocolitica Bacteria Yersiniosis (high fever,

diarrhea)
10. Hepatitis A Virus Jaundice, Diarrhea
11. Poliomyelitis Virus Paralysis
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Organic_Chemicals

Some organic chemicals, such as lignins, tanins and some hydrocarbons, occur

naturally in ground water.

However, a multitude of organic chemicais have been

synthesized for home, industrial, business, and agricultural use. There are

thousands of chemicals in use today and many more are added each year Common orga-
nic contaminants are listed in Table 4.2, The effects of these contaminants on human
health can include mortality, systemic poisoning, and the disruption of normal neuro-
logical responses Some organic chemicals are strong mutagens and carcinogens.

State water quality standards set maximum contaminant levels for some pesticides, but
therg are no adopted standards for most other organic chemicals. Both the
Environmental Protection Agency and State Department of Social and Health Services

are working on developing standards for organic chemicals.

General Chemical Group

TABLE 4.2

Common Organic Contaminants

Specific Compounds

Typical Uses

Aliphatic Hydrocarbons

Aromatic Hydrocarbons

Halogenated Hydrocarbons

Pesticides

Oxygenated Hydrocarbons

Hexane
Pentane
Octane

Benzene
Naphthalene
Styrene
Benzo(a) Pyrene

Chloroform

Pentachlorophenol

PCB's

Carbon tetrachloride

Methylene chlotide

1,1,2 Trichlorethylene
(TCE)

Chlordane

Ethylene Dibromide
Lindane

pDT

2,4D

Carbaryl (Sevin)
Malathion

Acetone

2,4 dimethylphenol

Tetrahydrofuran

Methylethyl Ketone
{MEK)
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gasoline paint thinners
gasoline paint thinners
gasoline paint thinners

solvents, gasoline
preservatives, lubricants
plastics, resins

coal tar ingredients

plastics, refrigerants

wood preservatives

heat exchange fluid

solvent

paint stripper

degreasers, drycleaning agent

chlorinated insecticide
chigrinated insecticide
chlorinated insecticide
chlorinated insecticide
chlorinated herbicide
carbamate insecticide
organophosphate insecticide

dyes, soivents
pharmaceuticals, fungicides
solvents

solvents



lnorganic Minerals and Metals

inorganic substances occur naturally in trace to low concentrations in ground water.
Common sources of inorganic mineral contamination are septic systems, animal wastes
and seawater intrusion. Inorganic metal contamination is often a by-product of
industrial activity. The direct health effects of inorganic contaminants are as

varied as those of organic contaminants, but fewer inorganic chemicals have been
implicated as carcinogens or mutagens.

State water quality standards set maximum concentration levels for many of these
substances. Some levels were established for health protection, as is the case with
nitrates. Others were established for potability because some constituents adversely
affect qualities such as the hardness, odor, turbidity, color or taste of water.

Table 43 lists some of the inorganic constituents that occur naturally in ground
water. Those lisied as principal constituents normally occur in greater amounts than
those listed as secondary constituents. The list of secondary constituents includes
the heavy metals most often associated with ground water contamination, although
other constituents also occur.

TABLE 4.3
inorganic Ground Water Constituents
Principal Constituents Secondary Constituents
in Natural Water in Natural Water
Calcium Arsenic
Chloride Barium
Fluoride Cadmium
iron Chromium
Magnesium Copper
Manganese Lead
Nitrate Nickel
Potassium Mercury
Silica Selenium
Sodium Silver
Sulfate Zinc

Radionuclides

Radionuclides are the various radioactive forms of elements such as strontium, ura-
nium, tritium or cobalt. Radionuctides occur naturally at low levels in ground water
but are most concentrated in wastes from the nuclear industry. Nuclear power facili-
ties, energy laboratories or waste depositories are potential sources of radionuclide
contamination. Hospitals and educational institutions that use low level radioactive
materials may also be potential sources of contamination. Exposure to radionuclides
is known to cause radiation sickness, cancer, and mutations. The state has
established maximum concentration levels for radionuclides.

Nuclear waste is a highly specialized ground water problem ncrmally handled by the
federal government. Planners should seek state and federal assistance if they

encounter radionuclide contamination.



Sources of Contamination

Ground water contamination can result from many human activities
there are many possible sources of contamination

tamination fall within one of five broad categories:

1.

Sources designed to discharge waste onto and into the ground for treatment

or disposal.

Sources designed to store potential contaminants.

Sources designed to transport potential contaminants.

Sources that discharge contaminants onto and into the ground as a con-
sequence of some other activity.

Sources that provide accidental conduits for contaminants or induce
contamination by altering ground water fiow patterns.

These contaminant groups are described further on the following pages.
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Group 1 Sources: Discharge of Wastes Onto or Into Ground For Treatment or Disposal

Sources of contamination in this category include:

0 On-site waste disposal
o Land application of domestic and industrial wastes
0 Wastewater injection wells

Discharging wastes onto or into the ground has been used to treat and dispose of both
domestic and industrial wastes. On-site waste disposal methods, primarily septic
systems and cesspools, rank highest in the total volume of wastewater discharged
directly into the ground. They are also the most frequently cited sources of ground
water contamination.

Land application of wastewater is also used as a means of treating wastes. Some
municipal sewage authorities spray treated wastewater or spread sludge over land set
aside as special treatment areas. The petroleum industry uses "land farming” to
dispose of chemical sludges. This method involves spreading sludges on land and
cultivating it into the soil.

The treatment of wastes by on-site disposal or land application methods does not
necessarily remove all potential contaminants. Some contaminants may reach the water
table and build up over time. This is especially true when, for example, septic

systems maltunction.

Disposal of industrial wastewater into deep aquifers via injection wells is a common
practice in many states but is prohibited in Washington.
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Group 2 Sources: Storage or Dumping of Potential Contaminants

Sources of contamination in this category include:

Landfills

Hiegal dumps

Surface impoundments (pits, ponds, lagoons)
Waste tailings

Waste piles

Materials stockpiles

Above-ground storage tanks

Below-ground storage tanks

Containers (such as drums)

O0OCOO0ODODOO

Waste storage or storage of materials containing contaminants poses a serious threat
to ground water. Contaminants can enter ground water by leaching from landfills,
illegal dumps, surface impoundments such as sewage lagoons or waste disposal ponds,
mining waste tailings, or from any piles of waste or materials that contain con-
taminants, Coniaminants can aiso leak from storage tanks or other containers.

On a national level, this group of contamination sources has received more attention
than any other. Many of the most infamous contamination incidents, such as Love
Canal, involved burial or illegai dumping of toxic industrial wastes. Leaking
underground storage tanks are currently receiving a large amount of regulatory atten-
tion because they represent a widespread and largely unmonitored contaminant source
They include, for example, tanks used by gasoline stations to store petroleum pro-
ducts as well as tanks used to store home heating oil.
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Group 3 Sources: Transport of Potential Contaminants

This group of contaminant sources includes:

o Sanitary sewers
o Hazardous materials pipelines
o Contaminant transport by truck, or rail

The transport of potential contaminants is a threat to ground water when accidental
leaks or spills occur. Sanitary sewers are frequently installed to eliminate the
contamination caused by failing septic systems. However, sewers often leak and
create localized areas of extreme contamination.

Pipelines carry a wide variety of hazardous materials, such as petroleum products and
manufacturing chemicals. Like sewers, pipelines can leak or break resuiting in loca-
lized but sericus contamination.

Numerous spills have also occurred during the transport of contaminants by truck or
rail, resulting in localized ground water contamination.

Surface Spills

Figure 4.5 Group 3 Sources
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Group 4 Sources: Incidental Contaminant Discharge As A Result of Other Activities

This group includes several disparate sources o! contamination:

Agricultural chemical use
irrigation practices
Animal feeding operations
Urban runoft

Mining and mine drainage

[eNeNoReNe)

Agricultural chemicals, in the form of fertilizers and pesticides, tend to migrate
with infiltration to the water table. irrigation accelerates this process and can
also leach mineral salts and metals from the soil.

Applying fertilizers and pesticides with irrigation water, a practice called chemiga-
tion, can contaminate ground water unless safety devices are installed to prevent
water from being siphoned back into the well. :

Animal feed lots accumulate high concentrations of animal waste that can cause
nitrate and bacterial contamination.

Urban runoff is widely recognized as a significant source of poliution. Runoff picks

up contaminants from streets, roofs, construction sites, industrial and commercial

areas and domestic gardens. Toxic substances that have leaked or spilied may also be
picked up. As a result, urban runoff can contain organic contaminants such as petro-
feum hydrocarbons or pesticides, inorganic contaminants such as nitrates or metals,

and microbial pathogens. Urban runoff can contaminate ground water where jt accumu-
lates in natural basins or is collected in retention basins that allow runoff to

infiltrate to the water table. It can also contaminate ground water when discharged

to "dry wells"--a method used extensively in Washington to dispose of runoff,

Mining often contaminates surface water with acids and heavy metals, which can
infiltrate to the water tabie.

Agricultural
Chemical
Irrigation Animal Feedlot Mine Urban Runoff Use

Figure4.6 Group 4 Sources
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Group 5 Sources: Accidental Conduits for Contaminants or tnducing Gontamination by Overpumping

Qil, gas, or geothermal wells (deep production wells)
Ground water monitoring or water supply wells
Excavations

Overpumping

oo0OQ0o0

Any well or vertical borehole represents a possible conduit for ground water con-
tamination. Consequently, improper well construction can allow contaminated water to
migrate from the surface, or from contaminated aquifers, to aquifers used for water
supplies A common source of bacteria contamination in rural areas is improper
sealing of abandoned wells. Improper sealing can allow contaminated surface water to
enter the well and leak into adjacent aquifers.

Deep excavations in the ground, such as gravel pits, can also provide a conduit for
contaminated surface water to reach the water tabie

Overpumping, withdrawing water in excess of an aquifer's safe yield, can create con-
tamination by inducing fiow from brackish aquifers or saltwater bodies.

Water Supply Well

. Surface Water
Injection Well No Surface Seal Leakage
o~

Water Table |-

Figure4 .7 Group 5 Sources
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Potential Contaminants by Land Use Category

The following table classifies land uses by categories that plannars work with in
developing comprehensive plans. These categories represent uses that often have dif-
ferent impacts on ground water. The table lists common sources and types of con-
taminants associated with each use It also indicates whether a contaminant source
is likely to have a localized versus a more regional impact on aquifers.
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TABLE 44

Land Use Impacts on Ground Water Guality

iand Use Category

Contaminant Source

Typical Contaminants

Comtamination Poiential

Agriculture

Agricultural chemical use

lrrigation

Above ground storage tanks

Materials stockpiles

Pesticides, herbicides,
fertilizers

Same as above
Petroleum products
Pasticides, tertilizers

Animat Husbandry

Animal feeding operations

Biological, nitrates

Mining

Mining and mine drainage

Excavation

Acidity, heavy metals,
cyanide

Biological, organic and
inorganic chemicals

Low density residential
with septic systems
(less than 1 home per
15 acres)

On-site waste disposal

Biological, nitrates

Househoid hazardous
wastes, Synthetic
chemicals

Medium densily resident-
ial with septic systems

(1 home per 15 acres up
to 1 home per 35 acres)

On-site waste disposal

Below ground storage tanks

Urban runoff

Biological and nitrate

Heating oii

Wide variety of poten-
tial contaminants

High density residential
with sewers (greater than
35 homes per acre)

Sanitary sewers

Below ground storage tanks

Urban runoff

Biclogical nitrates
Heating oil

Wide variety of pote-
tial

Commercial

Sanitary sewers

Below ground storage tanks

Urban runoff

Biologicals. nitrates
Organic chemicals

Organic and incrganic
chemicals

Local Regionat
High High
High High
High Low
Moderate Low
Moderate Low
High Moderate
Moderate Maoderate
Low Low
Moderate Low
Moderate Moderate
High Moderate
Mocderate Low
High Moderate
High Low
High High
High Moderate
High LOW
High High
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Table 44 page 2

Contamination Potential

Land Use Category Contaminant Source Typical Contaminants Local Regional
industriai On-site waste disposal Biological. nitrates High Low
Organic and inorganic High Mod-high
chemicals
Sanitary sewers Same as above High Low-mod
Land application of Biolagical, nitrates, High Low
wastewater heavy metals, organic
chemicals
Land application of Petroleum products High Low-high
hazardous wastes
Wastowater injection wells  Organic chemicals High Mod-high
lllegal dumps Wide variety of organic  High Low-mod
& inorganic chemicals
Surtace impoundments Organic chemicals, High Low-mod
inorganic chemicals
Waste piles Same as above High Low-mod
Materials stockpiles Same as above High Low-mod
Above ground storage tanks Same as above High L ow-mod
Below ground storage tanks Organic and inorganic High Low-mod
chemicals
Containers Same as above High Low
Hazardous materials Same as above High Low
pipetines
Contaminant transport Same as above High Low
Urban runotf Same as above High Low-mod
Landfills Landfills Bioiogicals, organic & High High
inorganic chemicals.
methane
Saurces not associated lllegat dumps Qrganic chemicals. High
with specific land uses metals inorganic
chemicals
Hazardous materials Petroleum High Low
pipelines
Contaminant transport via Crganic and inorganic High Low
trucking, railroad. or chemicais
shipping
Oil, gas or geothermal Brines High High
wells
Ground water monitoring or Surface water or High Moderate
supply wells contaminated groundwater
Excavations Surface water runoff High Maderate

4.16



HOW TO DETECT GROUND WATER CONTAMINATION

Ground water contamination may occur anywhere in a community--but it is more likely
to be found where there are potential sources of contamination. Any effort to iden-
tify problem areas should begin with finding out where the potential sources of con-
tamination, such as those described in this chapter, are located Industrial

districts, agricuitural areas, high density residential areas where septic systems

are used, landfill sites, or coastal areas should all be outlined on a map and exa-
mined more ciosely for signs of ground water contamination.

The foliowing describes two ways to detect ground water contamination: 1) by eva-
luating existing water quality records and 2) by monitoring water quality.

Evaluating Existing Water Quality Data

Good water quality data is crucial to determining if contamination is occurring.
Generally, water quality data is most useful if it is compared over a period of time.
Comparing data over time indicates whether water quality is stable, improving or
deteriorating. This helps to identify aquifers or portions of aquifers that may be

at risk.

A number of federai, state and local agencies are involved in monitoring and
collecting water quality information The primary sources of this information are

the State Department of Social and Health Services (DSHS), local health departments
and tocal water providers.

Water purveyors are required by the state to monitor for certain contaminants. Their
records are filed with local heaith departments and DSHS. {f these records are
available and cover a significant period of time, they can be used to evaluate water
quality trends

The severity of contamination can be evaluated by comparing water quality data with
water guality standards. State drinking water quality standards are shown on Table
45 As noted earlier, the state is working to expand the number of contaminants
included in the standards Water samples showing one or more contaminants near or
exceeding these maximum levels could indicate a serious water quality problem.
Depending on the contaminant involved, human health or potability may be threatened.

Other standards that can be used to gauge how serious contamination may be are
available through the U.S. Environmental Protection Agency (EPA)}. EPA issues publica-
tions listing the reommended maximum contaminant levels for many contaminants not
included in the state s standards

The degree of aquifer contamination can be determined by comparing water quality
from a network of wells located in the aquifer. If a number of welis show elevated
concentrations of one or more contaminants, it may indicate contamination is
spreading through the aquifer. By plotting this information on maps, areas of con-
taminated ground water can be outlined.

Monitoring Water Quality

If existing information is inadequate, a special study to monitor water quality may
be necessary Or, if existing information indicates water quality is deteriorating,
monitoring can be used to find out more about the problem--such as the area con-
taminated, the rate of contamination, the direction contaminants are moving and the
sources of contamination. Water quality studies are also conducted to detect con-
taminants not normally monitored by state and local agencies.
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Water quality studies involve identifying a network of wells to be monitored.

Existing wells are used unless there are not enough to complete the network Then
wells may have to be drilled. Water samples are taken reguiarly from the wells and
tested. This is usually done for a number of years in order to determine long-term

water guality trends

Table 4.5
WASHINGTON STATE DRINKING WATER STANDARDS!

Primary Inorganic Secondary Inorganic

Chemicals & Phy- Chemicals and

sical Contaminants Maximum Level Physical Contaminants Maximum Level
Arsenic 005 mg/L Chioride 250 mg/L
Barium 1 mg/L Color 15 units
Cadmium 0.010 mg/L Copper 10 mag/L
Chromium 005 mg/L Iron 03 mg/L

Lead 0.05 mg/L Manganese 005 mg/L
Mercury ¢ 002 mg/L Specific Conductivity 700 umhos/cm
Nitrate (as N) 10 mg/L Sulfate 250 mg/L
Selenium 001 mg/L Total Dissolved Solids 500 ma/L
Siver 0.05 mg/L Zinc 50 mg/L
Fluoride 2.0 mg/L

Sodium? -

Turbidity 17U

Primary Organic
Chemical Contaminanis Maximum Level

Chiorinated hydrocarbons:

Endrin 0.0002 mg/L

Lindane 0.004 mg/L

Methoxyether 01 mg/L

Toxaphene 0.005 mg/L
Chiorophenoxys:

2.4-D 01 mg/L

24.5-TP Silvex 0.01 mg/L
Total Trihalomethanes 010 mg/L
Note:

1 From Rules and Regulations of the State Board of Health, Chapter 248-54. Table does
not include standards for bacteriology, radioactivity, or corrosivity.

2 There is no maximum contaminant level established for sodium, however, monitoring is
required
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CHAPTER 5

IDENTIFYING SENSITIVE AREAS

INTRODUCTION

It is important to focus local ground water protection efforts on the areas which are in
greatest need of protection Identifying sensitive areas is one way of doing this. This
chapter outiines how sensitive areas are defined and describes some of the sensitive area
classification systems now being used.

A number of sensitive area methods are being tested across the country They vary in
definitions and methods of identifying sensitive areas. Ground water protection planning
is a relatively new field, so sensitive area methods are not yet well established. Methods
are usually tailored to fit a particular community's ground water problems and geohydrolo-
gic conditions. Because communities differ, so do sensitive area methods.

This chapter describes the similarities and differences among sensitive area classification
systems and outlines how they are used in protecting ground water.

DEFINING SENSITIVE AREAS

Sensitive areas are geographic areas where ground water could easily be contaminated.
Human activities are usually the source of ground water contamination, but natural con-
ditions make some areas more vulnerable to contamination than others. Such areas can
be described as being hydrogeologically sensitive. The following are some of the con-
ditions which determine hydrogeoclogic sensitivity. '

Compaosition and Thickness of the Unsaturated Zone. The material in the unsaturated
zone is a critical factor determining how fast contaminants will reach the water table and
the degree to which contaminants will be attenuated. Finer grained materials protect
underlying aquifers more effectively than coarser grained materials. Water moves more
slowly through fine grained materials so there is more time for pollutants to be atte-
nuated before reaching the water table. If rock is present, the degree of fracturing is
important: highly fractured rock permits ready passage of pollutants; unfractured rock
restricts passage

The thickness of the unsaturated zone is imporiant because it determines the distance
pollutants must travel before reaching the water table. The greater the distance, the
greater the opportunity for poilutant attenvation

Whether Aquifers are Gonfined or Unconfined Unconfined aquifers are usually much
more vulnerabie to contamination and more quickly contaminated than confined aquifers
A confined aquifer is protected by one or more overlying impervious layers which inhibit
the flow of contaminants that might be transportated from the surface. In most cases,
an unconfined aquifer has no such protective layer and is therefore more vuinerable to
contaminants.

Geologic Nature of the Aquifer The geologic nature of the aquifer is a factor in deter-
mining how far and fast a contaminant will travel once it has reached an aquifer and the
extent to which contaminants will be attenuated In general, the attenuation capacity of
fine-grained aquifers is better than coarse-grained aguifers.

52



Voiume of Recharge. The volume of recharge water transmitted to an aquifer can vary
from one location to the next. Often, but not always, high recharge areas occur where
precipition is high, the topography is flat, the soil and geologic material between the land
surface and the aguifer are very permeable and the water table is deep. Because high
recharge areas do transmit large volumes of water to an aquifer, they also transport
more contaminants from the land surface. Also, contaminants tend to be less attenuated
in high recharge areas because of the greater speed with which infiltration reaches the
water table. Locating a potential source of contamination in a high recharge area could
have far greater water quality impacts than it would in an area with less recharge poten-
tial.

Proximity of Salt Water Bodies or Contaminated Water Bodies. Aquifers near a body of
salt water are at risk of being contaminated by seawater intrusion. Overpumping of the
aquifer can induce seawater to flow into the aquifer. Aquifers are also at risk if they are
close to a contaminated water body.

SENSITIVE AREA CLASSIFICATION SYSTEMS

As noted earlier, a variety of methods are being used to identify sensitive areas. Some
are extremely compléex, require expensive ground water studies and the help of technical
experts, Others are relatively simple, don't necessarily require special studies or even
much technical expertise. '

Generally, there have been two levels of effort in protecting ground water. One has
been to focus on protecting entire aguifers; the other has been to focus on protecting
the portions of aquifers that supply public drinking water The sensitive areas defined in
each case are different.

Another group of sensitive area methods are designed to protect ground water at a par-
ticular location from a specific source of potential contamination--such as a landfil. in
this case, the portions of an aquifer that would be most affected if contamination did
occur are identified as sensitive areas. :

Some of the sensitive area classification systems described below are actually a com-
bination of these methods.

Systems that Focus on Protecting Aquifers

The sensitive area classification methods in this category involve identifying areas where
human activities could contaminate an aquifer.

Some of these methods, such as the DRASTIC System described below, focus on the
hydrogeologic conditions between the surface and the water table to identify sensitive
areas. Sensitive areas are defined as the areas that could easily transmit contaminants
to the water table.

Other methods involve deeper and more complex hydrogeologic investigations. In addition
to evaluating hydrogeclogic conditions above the water table, these methods examine the
aquifer or aguifers that could be contaminated. Sensitive areas may be defined by their
potential for damaging a number of aquifers or an especially important aguifer.

For example, if aquifers have been classified, areas that would transmit contaminants to a
high ranked aquifer would be more sensitive than areas transmitting to lower ranking

aquiters
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Classifying aquifers is a means of establishing which resources need to be protected
most Usually, aguifers are ciassified by how much they are used An aquifer may also -
be classified based on its capacity, its quality or its vuinerability to contamination or
depletion. For example, the EPA proposed, in its Draft Ground Water Strategy, to classify
aquifers as follows;

Class | Special aquifers: those highly vulnerable to contamination or irreplaceable
as a water supply.

Class I All other aquifers that are current or poiential drinking water sources.
Class 1 Brackish or contaminated aquifers not usable as drinking water sources.

Washington's Department of Ecology is developing an aquifer classification system as part
of the state ground water protection strategy. Aquifers will be classified based on their
existing or potential beneficial use.

The following are two examples of sensitive area classification systems that focus on
aquifer protection

DRASTIC System

The DRASTIC system uses commonly available information to evaluate and rank ground
water pollution potential. It involves first identifying key hydrogeologic parameters.
These include:

D = Depth to water table

R = Recharge (net)

A = Aquifer media

S = Soil media

T = Topography

| = Impact of the unsaturated zone

C = Conductivity (permeability) of the aquifer

OO0 00000

A rapking system is then used to assigh a number to each parameter The relative
poliution potential is determined by adding these numbers. This information can then be
used to develop maps showing areas that are most vulnerable to contamination

The DRASTIC system is recommended as one of the more easily implemented methods of
identifying areas sensitive to contamination. It was developed for use by a wide range of
people--including those with limited technical knowledge. DRASTIC is intended to be used

for evaluating areas larger than 100 acres

Copies of a report describing the DRASTIC method can be obtained from the Washington
State Department of Ecology, the Environmental Protection Agency or the National Water
Well Association.

Clover/Chambers Creek System

A recently completed study of the Clover/Chambers Creek area in Pierce County (Brown
& Caldwell, 1985), uses another hydrogeologic rating system.

The Clover/Chambers Creek area is underlain by a thick sequence of complexly inter-
bedded glacial and non-glacial sediments Within this sequence, four aquifers or potential
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aquifers and three confining beds were identified. The study defined seven degrees of
surface sensitivity based on the presence or absence of the various confining beds The
least sensitive category includes areas capped with confining beds of glacial till, while the
most sensitive category encompasses areas where all three confining beds are absent. In
the former case, aquifers are protected from contamination by the glacial till. In the
latter, aquifers are open to vertical contamination from the surface.

This system was developed based on a detailed knowledge of local geologic and hydrolo-
gic conditions. As a consequence, it is not generally applicable to other areas unless
geologic conditions are similar :

Systems that Focus on Protecting Wells or Springs

This type of sensitive area classification identifies geographic areas within which develop-
ment or other activities could impact a particular water supply source These methods
are usually applied to wells but can alsoc apply to springs. The geographic area defined
is called a well-head protection area. A well-field protection area is similar but covers
more than one well Once a well-head or well-field protection area has been identified it
can be used as a basis for reguiating jand use and development within its borders.

A well-head protection area can be established without an indepth examination ot hydro-
geologic conditions. Such protection areas are often defined as a circular control zone
around a well-for example, an area extending one mile in radius around a well. This
area would be given a higher sensitivity rating than areas beyond the one mile radius. If
the general direction of ground water flow is known, then an asymmetrical protection
area may be outlined. In this case, there would be a larger area upgradient (where water
is flowing towards the well) than downgradient of the well.

Conducting a hydrologic study to identify a well-head protection area generally involves
identifying a well's area of influence. The area of influence is defined by the outer limits
of the cone of depression formed by the well, and encompasses the areas of an aquifer
that are drawn o the well

Regional flow within the aquifer may also be taken into consideration in identifying well-
head protection areas This involves outlining the areas where ground water is flowing
towards the well and will be intercepted by its cone of depression. By accounting for
regional flow, the well-head protection area will encompass land beyond its immediate

area of influence.

Figure 5.1 illustrates an area of influence in plan view and cross section. Note that
leachate from hypothetical waste dumps may or may not reach the pumping well,
depending on their location with respect to the ground water flow pattern.
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Dade County System

Dade County, Florida has chosen to use a travel-lime system to establish areas of
influence and regulate land uses arocund a well Under this system (DiNova & Jaffe,
1984), zones are outiined based on the time involved for ground water to reach a par-
ticular well. The zones are arranged concentrically around each well outlining areas from
which ground water arrives within different time intervals. This system assumes that with
longer travel times contaminants will be more attenuated.

The foilowing table shows how septic systems are regulated based on these zones.

TABLE 5.1
Dade County Travel-Time System

Zone Maximum Septic System Loading
( gallons/day/acre)
10 day travel 140
30 day travel 350
100 day travel 600
210 day travel 800
> 210 day travel ' 1,500

Systems that Ildentily Ground Water Impacts of a Specific Contamination Source

These sensitive area classification systems are used to indicate what aquifers, portions of
an aguifer or wells could be contaminated by a high-risk use such as a land fill. They
are also used to compare the impacts of locating a high-risk use at one site versus

another

Such methods evatuate hydrogeologic factors, but may also reflect the value of aquifers
and wells threatened by the contamination source or the relative level of health risk.

The two sysiems described below were developed to identify the impacts of hazardous
waste facilities on ground water. They can aiso be used to evaluate the impact of other
high-risk uses.

LeGrand System

The LeGrand System assigns numerical values to factors intended to reflect the hydro-
geologic vulnerability of areas to ground water contamination. It also assigns values to
parameters intended to represent resource value and degree of threat. Factors included
in the LeGrand system are:

(o] Distance between contamination source and water supply
(o} Depth to water table

o] Hydrauiic gradient (slope)

o] Permeability
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o] Degree of confidence in values
o Degree of seriousness, including contaminant toxicity, importance of aquifer, and

general aquifer sensitivity

A report describing the LeGrand system is available from the National Water Well
Association.

Hazard Ranking System (HRS)

The EPA Hazardous Waste Site Ranking Model or Hazard Ranking System (HRS) also
assigns numbers to faciors intended to represent resource value and degree of threat

HRS factors are ranked and added to provide an overall risk rating. The factors include:

Measured level or evidence of contaminants
Depth to aquifer

Net precipitation

Permeability of unsaturated zone

Method of waste management

Physical state of wastes

Contaminant persistence in the environment
Contaminant toxicity/infectiousness

~Total waste quantity

Ground water use

Distance to nearest downgradient well
Population served by ground water within a 3-mile radius

OO0 0000 QOUOoODOO

Information on the HRS system can be obtained from the Seattle Regional Office of the
U.S. Environmental Protection Agency.

SENSITIVE AREA CLASSIFICATION SYSTEMS AND THEIR USE IN PLANNING

Sensitive area classification systems that focus on protecting aquifers, such as the
DRASTIC and Chambers/Clover Creek sysems, invoive regional ground water assessments.
As a result, they can be used as a comprehensive land use planning tool. They can help
in evaluating the ground water impacts of development and in making comprehensive land
use and zoning decisions that will proiect ground water.

Sensitive area ciassification systems that focus on protecting water supply sources. such
as the Dade County System, involve a more limited geographic assessment of ground
water. They can be useful, on a smaller scale, in making land use and zoning decisions.
More often, however, these systems are used as a basis for restricting development or
regulating activities within well-head protection areas.

Sensitive area classification systems that identify the ground water impacts of a con-
tamination source, such as the LeGrand or Hazard Ranking System, also involve limited
geographic assessments of ground water. These methods are most often used to select
the best location for specific high-risk uses. They can also be used as a basis for deve-
loping special design and operating standards to mitigate the impacts of such uses
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CHAPTER 6

PROTECTING GROUND WATER THROUGH LAND USE
AND DEVELOPMENT CONTROLS

INTRODUCTION

Chapter 6 describes how ground water protection can be incorporated into a
comprehensive land use plan and what to consider when formulating local ground water
protection goals and priorities. It describes how land use and development controls, such
as zoning or subdivision regulation, can be used to protect ground water and what to
consider before choosing a course of action.

HOW TO INCORPORATE GROUND WATER PROTECTION INTO THE COMPREHENSIVE PLAN

One of the primary roles of local government is to manage growth and development.

The regulatory authority to do so is provided under several state planning laws--the
Planning Commission Act, Optional Municipal Cade, and the Planning Enabling Act. These
laws require locai government to prepare comprehensive land use plans as a foundation
for its regulatory actions A comprehensive plan must estimate population growth,
indicate the location of land uses and recommend development density.

With passage of House Bill 1138 in 1984, (see Appendix 1) comprehensive plans must also
provide for protecting the quality and quantity of ground water used for public water
supplies. The bill, in effect, directs local government to use development controls to
protect ground water.

The most widely applied development controls in Washington State are zoning and
subdivision regulation. As a result, the following discussion emphasizes protecting ground
water by these methods. However, as will also be discussed in this chapter, there are
other regulatory and non-regulatory measures that can be used to protect ground water.

At least three major elements can be included in a comprehensive plan to protect ground
water:

1. A set of ground water protection goals
A map or other means of identifying which ground water resources are to be

protected
3. A set of recommended measures, in the form of objectives or policies, to be

implemented by local government to achieve its goals
The following outlines what to consider in developing these elements.
Identifying Ground Water Protection Goals

Ground water protection goals may vary substantially from one local government to the
next This is to be expected, especially in a state as geographically diverse as
Washingion. Ground water resources, ground water problems, and ground water
protection needs vary from community to community. Nevertheless once ground water
resources are identified, each community will have to decide both what to protect and
how that protection will be provided This should be made evident in its ground water
protection goals
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Both aquifers and water supply sources (wells or springs) can be considered ground water
resources Nationally, the resource protection efforts of local governments have fallen
into three categories: those that focus on protecting aquifers, those that focus on
protecting the portions of aquifers that supply public water sources, and those that do

both

Whether a community chooses to protect aquifers, public water supply sources or both,
addressing the following issues can be helpful in deciding what ground water resources
need mote protection than others. These issues reflect two basic concerns: the relative
value of the resource, and the extent to which the resource is threatened.

1. Resource capacity:
o How much water is the aquifer capable of providing oh a sustained basis?

2. Resource quality:
e ] How free of natural or man-introduced contaminants, (i.e, how suitable for

drinking?) is the aquifer or water source?

3. Existing or potential use of the resource:
o] Is the aquifer or water source being used now and if so, for what uses?
0 Is it needed for future use and if so what are the potential uses?

4. Local water supply options: _
(o} is the aquifer the only source of water available to the community or are

alternative sources available?

5 Existing ground water depletion problems:
o Are aquifers or water sources showing signs of depletion?
o How severe is the problem?
o Can the probtem be halted or corrected?

6 Potential ground water depletion problems: _
(o} Which aquifers or water sources are vulnerable to depletion due to existing or

proposed jand uses?
o] Which are vulnerable due to future demand for water exceeding resource

capacity?

7. Existing ground water quality problems:
(o} Are aquifers or water sources showing signs of ground water contamination?
o How severe is the problem—is there a health risk?
o Can the problem be halted or corrected?

8. Potential ground water quality problems:
0 Which aquifers or water sources are most vulnerable to future contamination

due to hydrogeologic sensitivity?
o] Which are vulnerable to contamination due to existing or proposed land uses or
development activities?

Not every iocal government will have the financial resources t0 conduct the ground water
research necessary to address all of these questions Regardless of financial resources,
however, local governmentis should be able to develop a list of basic ground water
protection goals and priorities by considering these Kinds of issues.

A good example of ground water protection goals and poiicies are those developed by
the Tacoma Planning Department, which are included in Appendix il
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Mapping Ground Water Protection Areas in the Plan

Once a community has identified what ground water resources need to be protected,
sensitive areas should be identified and outlined as ground water protection zones.
Sensitive areas, or ground water protection zones, shouid be shown on a map in the
comprehensive plan document or in a document appending the comprehensive plan. The
precision or accuracy of the map or maps prepared will vary depending on the level of
resource information each agency has been able to gather.

Selecting Appropriate Land Use and Development Controls

Just as ground water protection goals and priorities will vary from one iocal government
to the next, so will the means by which those goals are implemented. At a minimum,
local government should examine how its land use plan conforms with its ground water
protection goals and how zoning can be used to implement those goals. Some
communities may want to consider a broader range of possible controls. Regardless of
the scope, the following should be considered:

1. The type of protection needed

The development controls that will protect ground water in one setting may not work
in another. For example, controlling land use and density through zoning may
protect ground water in relatively undeveloped areas that have no ground water
problems. However, zoning alone would probably not be enough to protect ground
water in more developed areas, especially if ground water problems already exist. In
this case it would be better to use controls that would alter existing development
practices—-particularly those associated with ground water problems. Controis might
inciude, for example, new standards for disposal of domestic or industrial wastes.

2 The role of local government versus state government in protecting ground water
resources

Some ground water problems may already be addressed or may be more appropriately
addressed by state agencies. Table 6.1 indicates when state agencies have primary
responsibility for regulating a potential contamination source and when ilocal
governments are responsible Note that for several sources, such as septic systems,
as many as three agencies are listed. This indicates that regulatory responsibility is
shared. The first agency listed is generally responsibie for issuing the most permits.
The second and third listed may issue permits to larger operations or may be
responsible for enforcement actions.
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TABLE 6.1

GROUND WATER PROTECTION RESPONSIBILITIES

SOURCE AGENCY
Landfills L.ocal, Ecology
impoundments Ecotogy
Septic systems Local, DSHS, Ecology
Lagoons Ecology
Storage tanks Local, Ecology
Spills Ecology
Radioactive waste Ecology
Hazardous waste Ecology
Agricultural runoff WDA, Ecology
Seawater intrusion Ecology, DSHS
Disposal wells Ecology
Abandoned wells Ecology
Qil/gas wells DNR, Ecology
Stormwater runoff Ecology, Local
Aquifer recharge Ecology, Local
Mining DNR

Mining wastes Ecology
Sludge disposal : Ecology

Land activities Local

Public drinking water DSHS

Ecology - Department of Ecology

DSHS - Department of Social and Health Services
DNR - Department of Natural Resources

WDA - Washington Department of Agriculture
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LAND USE AND DEVELOPMENT CONTROLS THAT CAN BE USED TO PROTECT GROUND
WATER

The following section describes a variety of land use and development controls local
governments can use to protect ground water resources

Using Zoning and Subdivision Controls to Protect Ground Water

Zoning is one of the principal means by which the land use element of a comprehensive
plan is impiemented. It can also be an effective tool for protecting ground water.
Zoning can be used to prohibit land uses that cause ground water problems, or to
enforce special conditions designed to mitigate potential problems. It can also be used
to limit development density and control population growth--all of which can help protect
ground water,

Zoning has been used to protect ground water in primarily two ways. One involves
simply rearranging or changing zoning designations. The other invoives creating special’
overiay zones.

Changing Zoning Designations

it there is evidence that ground water may be adversely affected by the uses, density or
overall population growth aliowed under existing zoning patterns, zoning designations can
be changed This does not necessarily require developing new zoning categories.

For example, if existing zoning would allow heavy industrial development in what has been
identitied as a ground water protection area, it may be appropriate to change the zoning
to a less intensive and less hazardous use--such as a low density residential use.

Zoning can also be used to prevent water resources from being over-taxed. For example,
it existing zoning would allow high density development where water supplies are limited,
the zoning can be changed (down zoned) to designations that would aflow less
development.

Application: Changing zoning designations is most effective for protecting ground
water resources when applied to areas that are relatively undeveloped or where ground
water problems have not yet occurred It is the simpler of the two zoning approaches
cited because it does not involve creating a new zoning classification.

It is unlikely, however, to remove all potential hazards to ground water. For instance,
although a low density residential use would be a better choice than industrial
development in the example cited above, there might also be hazards to ground water
associated with residential use--contamination from septic systems for example Uniless
special conditions are attached or written into the zoning classification itself, this type of
problem would have to be addressed by other means.

Example: This approach has been used in King County to help protect the ground
water resources of Vashon Island A study of the Island's ground water resources
concluded the island cannot support a great number of people (an estimated maximum of
about 13,000) and that septic systems pose a serious threat to ground water quality.
Based on the study, extensive areas of the island have been down zoned from as high as
three homes per acre to as low as one home per ten acres. Down zoning is intended
both to limit population growth within the estimated capacity of the resource and to
protect ground water from contamination.
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Creating Zoning Overlays

Overlay zoning can be used in combination with a conventional zoning system to create
special regulatory districts designed to protect ground water,

An overlay zone adds development regulations to those already enforced by local
government. It is generally applied to areas that have been singled out for special
protection. Additional regulations enforced through an overlay zone can cover the {full
range of activities that are normally regulated by local governments

Application: Creating an overlay zone is one way to protect ground water from
potentially hazardous uses or activities that would not be adequately dealt with through
existing zoning controls or other regulations It would generally be a more effective
approach, compared to simply changing designations, in developed areas and areas that
already have ground water problems. It offers the opportunity not only to prevent ground
water problems but to halt or modify practices that may be contributing to groundwater

problems

Overlay zoning can be more difficult to implement than simply changing zoning
designations. This is because creating an overlay zone requires delineating the area
within which special controls and standards will be enforced--as well as defining what
those controls and standards will be. It will generally require a higher level of
information about the resource in order to adequately map protection areas. It may also
require a more sophisticated understanding of how development alfects ground water
resources and the means by which those impacts can be mitigated.

Examples: Many communities in Washington aiready use this approach to protect
other sensitive areas such as wetlands, steep slopes or flood hazard areas. A few are
using it to protect ground water,

Spokane County has developed overlay zoning to restrict development in what have been
identified as aquifer sensitive areas. The zoning ordinance requires that all new
development in aquifer sensitive areas be connected to existing sewer facilities If the
area is unsewered, then a five acre minimum lot size is required. However, property
owners are required to connect to public sewer lines whenever they become available

Overlay zoning is also being proposed in Tacoma to prevent further contamination of an
aquifer which provides up to 40% of the city’'s water supply. An overlay zone would be
applied to regulate development above the aquifer The area involved is primarily
developed and includes a number of small commercial and industrial uses which were
found to be the major source of contamination. Special regulations would be imposed on
users and handlers of toxic and hazardous materials within the overlay zone. Some land
uses would be prohibited outright. There would be new permit requirements for
hazardous material storage or handiing facilities, new engineering standards for
construction of such facilities, and additional on-site monitoring and inspection
requirements The overlay zone would also impose restrictions on the amount of
impervious surface coverage allowed for residential, commercial and industrial uses.

Amending Subdivision Regulations and Related Ordinances

Subdivision regulations complement the zoning powers of local government and, like
zoning, can be modified to protect ground water

Subdivision regulation is used to control how vacant land is converted into lots and
actually developed Proposed subdivisions are reviewed by local government and

67



approved if they meet local development standards. These standards are usually outlined
in a subdivision ordinance or in a series of development-related ordinances that apply to
subdivisions. In many cases, the standards applied could have an impact on ground water
resources. Typically, they address the adequacy of water supply and waste disposal
systems, clearing and grading procedures, drainage control systems, erosion control
methods, landscaping and open space pressrvation.

in most cases, such standards can be revised to offer better ground water protection.
For example, water supply systems might be required to meet new water conservation
standards. Waste disposal standards could require the use of superior waste disposal
methods. Grading and drainage standards could require features, such as swales or
retention basins, that would promote ground waier recharge. Landscaping standards
could be used to encourage water conservation by requiring drought tolerant plant
species, or limiting areas that need heavy watering. Open space standards couid be
used to discourage development over sensitive ground water areas within a proposed
subdivison.

Application: Although not useful for protecting ground water in areas that are
already developed, amending subdivision and other development-related regulations offers
a way to mitigate some of the ground water impacts that occur with new development.
Amendments can be made to apply to all new development in a community or, through
an overlay zone, to new development within designated ground water protection areas

Using Other Regulatory Methods

Local governments regulate a variety of other development activities that can affect
ground water, based on building, health and sanitary codes. For example, they issue
building permits, septic system permits, well site approvals, underground storage tank
permits and permits for solid waste disposal facilities.

For the most part, locai governments are responsible for enforcing minimum standards
established by the state However, local regulations may exceed state standards if
necessary to protect ground water resources.

Communities wishing to take a more comprehensive approach to protecting ground water
should examine the entire range of activities undertaken by local government to identify
how existing regulations or standards may be changed The following suggests how,
through some of these activities, this can be achieved.

Building Permits

Building permits are issued by local building departments subject to regulations governing
the design and installation of structures Local building codes can be amended to
protect ground water resources through water conservation. This can be done by
requiring water conserving design features in all new development or development in
specified ground water resource protection areas.

Application: Encouraging water conservation through local building codes may be
particularly useful in areas where ground water supplies are limited.

Examples: This approach has been used in California, where building codes have
been amended to require water-conserving plumbing fixtures or plumbing fixtures that
recycle water
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On-Site Waste Disposal Permits

Permits for septic systems or other on-site waste disposal systems are primarily issued by
iocal health departments, although some are issued by state agencies (Ecology and
DSHS). Permits are issued subject to state regulations governing the design, installation
and maintenance of these systems. Although state standards for on-site waste disposal
systems are intended to protect ground water resources from contamination, certain
communities may find they do not go far enough. If this is the case, additional standards
or conditions may be applied by amending local on-site waste disposal regulations.

Application: This approach may be useful in areas where ground water contamination
from septic systems is an existing or potential problem.

Examples: On Vashon island, where ground water contamination from septic systems
is a potential threat, citizens recommended that King County require regular pumping of
septic systems as a condition of permit approval. Some counties in Wisconsin require
septic systems to be pumped every three years

Another approach, used in California and Ohio, involves setting up septic system
maintenance districts These are special purpose units of government that set and
enforce septic system design and maintenance standards Routine pumping and
replacement of failing systems is undertaken by the district using revenues from special
assessments

Well Site Approvals

In Washington, local health departments approve the siting of wells based on state
standards which require water purveyors to establish well-head protection areas. Land
within a specified circumference of the source (200 feet for dug wells or springs, 100 feet
for drilled wells) is to be kept free of potential contamination sources, such as septic
systems. State regulations allow local health departments to require even larger
protection areas if it appears more protection is needed. Where contamination of public
water supplies is a concern, local health departments can be encouraged to use this

authority more aggressively.

Application: Establishing larger well-head protection areas, through well site
approvals, can help prevent the contamination of wells — especially in problem areas.
The major difficuity in doing this is deciding how large a protection area should be.
Although not necessary in all cases, this is sometimes done based on special hydrologic
studies—as outlined in Chapter 5

Other Permits

Other permits issued by local governments which can affect ground water include permits
for solid waste disposal and underground storage facilities. Generally, health departments
issue permits for solid waste disposal facilities and fire departments issue permits for
underground storage facilities. As in the previous examples, these facilities are subject to
minimum state standards governing siting, design, construction or maintenance which local
governmerts can add to if necessary.
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Using Non-Regulatory Methods to Protect Ground Water

Water Conservation Programs

Water conservation can be an effective means of protecting ground water by reducing its
consumption. Water conservation programs have been able to decrease water use by as
much as 50%. Conservation can be achieved through measures such as installing
watersaving plumbing fixtures, recycling water, repairing leaky pipes or instituting a
progressive rate fee for water use. In the case of the latter, water users are charged at
a higher rate for water consumed beyond a certain level.

Application: Water conservation can he implemented through a variety of means
including permit requirements, water use penalty fees, or voluntary efforis encouraged by
government sponsored educational programs. It is a useful approach wherever ground
water supplies are limited.

Land Acquisition

One of the most effective means of protecting sensitive areas from adverse development
impacts is public land acquisition. This can include outright acquisition or acquisition of
conservation easements.

Land acquisition is commonly used {o acqguire watersheds or areas of influence associated
with a public water supply source. In such cases, most other uses of the property are
prohibited. However, government land acquisition programs for parks or other public uses
can aiso be used to protect ground water. For example, in acquiring land for public
parks, local governments can buy parcels which both meet recreation needs and protect
a sensitive ground water area from development.

Application: Most communities will be unable to afford extensive land acquisition
programs. Therefore land acquisition should be used where it will do the most good--in
highly sensitive ground water resource areas where other means of protection may be
insufficient

Transfer of Development Rights (TDR)

A transfer of development rights (FDR) program can also be used to protect sensitive
areas from development. TDR is based on the notion that land ownership consists of
rights that can be separated and sold individually These rights include being able to
build at the densities alllowed by zoning.

Under a TDR system, the right to develop at a certain density for a particular use may
be sold and conferred to another piece of property The property from which
development rights have been soid may lose some or even most of its deveiopment
potential, while the property to which those rights have been transfered wili be allowed to
develop at a higher density In this way, development can be restricted in one area and
expanded in another without actually changing zoning designations Property owners who
lose development potential are compensated for the loss At the same time, those who
gain from the transfer must pay.

To implement a TDR program, areas in which development is to be restricted are
delineated in a comprehensive plan or on a zoning map These are the areas from
which development rights may be sold. Similarly, areas in which development is to be
encouraged are delineated. These are the areas to which purchased development rights
may be added
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Application: TDR can be used to protect ground water resources in highly sensitive
areas where it may be appropriate to discourage almost all deveiopment. It can aiso
offer a less costly alternative to outright acquisition of land. However, a development
rights transfer program may require more administrative expertise than some of the
traditional regulatory techniques discussed eariier in this chapter, and examples of
successful TOR programs are rare.
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CHAPTER 7

SOURCES OF INFORMATION AND ASSISTANCE FOR GROUND WATER PROTECTION

INTRODUCTION

This chapter describes which federal, state and local agencies, and private contractors
may have information that could be useful in identifying local ground water resources and
ground water problems. Special programs or services oiffered by agencies that could be
used to heip local ground water protection efforis are also described.

FEDERAL AGENCIES

United States Geological Survey (USGS)

The USGS provides much of the nation's geologic, topographic and hydrologic
information. This information includes maps, data bases, descriptions and analyses of
ground water resources. The USGS has no regulatory authority, but the information it

provides supports the regulatory activities of other federal, state and loca! agencies.

There are two central offices of the USGS in Washington State: the Water Resources
Division in Tacoma and the Geologic Division in Spokane

Hydrologic Information

Providing and interpreting hydrologic data are the primary functions of the USGS Water
Resources Division. Through studies conducted by the division, often in cooperation with
state and local agencies, a variety of hydrologic maps and reports have been produced

To date, a general aquifer map has been prepared covering the entire state of
Washington. More detailed aquifer maps have been developed for special study areas
such as Island County, Bainbridge island, the San Juan lslands and the Columbia Basin
Plateau The agency also has a substantial amount of computerized information on state
ground water quality and water supply capacity. Other information available from the
Water Resources Division includes: ground water flow maps, maps indicating depth to
ground water, maps indicating the permeability of rocks, instream water quality
information, and ground water models

To find out about hydrologic maps or publications that cover a particular area of the
state, contact the Information Officer at the Water Resources Division of the USGS in
Tacoma. USGS will mail a printout indicating the published information available for that
area and where to order copies.

Geolagic Information

The Geologic Division of the USGS provides and interprets geologic data. Like the Water
Rescurces Division, it produces a variety of maps and publications. These include maps
and descriptions of surface and subsurface materials.

For information about geologic maps or publications for the state, contact the Information
Officer at the Geologic Division of the USGS in Spokane.
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Land Use and Topographic Information

The USGS National Cartographic Information Center distributes maps and data produced
under the National Mapping Program Aerial photographs, topographic maps, land use
and land cover maps are available for Washington State. National Mapping Program Map
Data Catalog describes this information and explains how to order. The catalogue is for
sale at the U.S. Government Printing Office.

Special Programs

Under the USGS Federal-State Cooperative Program, the Water Resources Division
conducts special hydrologic studies or projects of state and local concern. These are
generally funded up to 50% by USGS and 50% by state and local government. For more
information about the Federal-State Gooperative Program, contact the Washington Chief of
the USGS Water Resources Division.

Libraries

Both the Tacoma and Spokane offices of the USGS have excellent libraries which are
open to the public; however, materials are not available for loan

Addresses

o USGS Water Resources Division
1201 Pacific Avenue, Suite 600
Tacoma, WA 98402
Phone: (206) 593-6510

o Water Resources Division Information Officer
(same address and phone number as above)

0 Washington Chief, USGS .
{same address and phone number as above)

o USGS Geologic Survey
656 U.S. Courthouse
Spokane, WA 99201
Phone: (509) 456-4677

0 Geologic Division Information Officer
{same address as above)
Phone: (509) 456-2524

0 USGS National Cartographic Information Center
345 Middlefield Road

Menlo Park, CA 94025
Phone: (413) 323-8111, Ext. 2427

Environmental Protection Agency (EPA)

EPA developed a national strategy for ground water protection following a comprehensive
evaluation of federal, state and local ground water protection programs. A major part of
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the agency's strategy is to provide financial and technical support to state and local
governments in their efforts to deveiop ground water protection programs. EPA also
provides financial support to state agencies in carrying out the provisions of federal
ground water-related legislation (the Clean Water Act, Safe Drinking Water Act, Resource
Conservation and Recovery Act and Comprehensive Environmental Response
Compensation and Liability Act) and technical support in developing health advisories and
drinking water standards.

EPA's regional offices are located in Seattle. Ground water related programs are carried
out by the Water Division, Air and Toxics Division, Hazardous Waste Division, and the
Environmental Services Division.

Hydrologic Information

While EPA’s monitoring efforts have not been as extensive as those of other agencies, it
does have water quality information for some locations. EPA has monitored ground water
quality in connection with Superfund sites, hazardous waste sites and special probiems,
such as pesticides contamination. EPA is developing a computerized data system that will
compile all of the ground water quality information EPA has collected in Washington
State. Except where data are enforcement sensitive, EPA data is also turned over to the
State Department of Ecology or Department of Social and Health Services. For maore
information about EPA involvement in ground water, contact the Water Division's Office of

Ground Water.

EPA also publishes educational information on ground water protection for public
distribution. A list of current publications can be obtained from the EPA Publications

Clerk.

Library

EPA has a library where most EPA technical publications as well as additional materiails
on ground water resources can be reviewed. Only EPA publications are available for
joan.

o EPA Office of Ground Water, Region 10
1200 - 6th Avenue
Seattle, WA 98101
Phone: (206) 442-1086

o EPA Publications Clerk - Mailstop 541
(same address as above)
Phone: (208) 442-1258

o EPA Library

(same address as above)
Phone: (206) 442-1289

Soil Conservation Service (SCS)

The Soil Conservation Service is a branch of the United States Department of Agricuiture
One of the primary purposes of the SCS is to provide and interpret soil information.
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The head offices of the SCS are located in Spokane. Additional administrative offices are
located in Olympia, Yakima and Ephrata. Field offices are located in most counties.

Soil Information

The SCS produces a series of maps which locate and classity soils based on their
physical properties. Soil survey maps are available for most of Washington State. The
maps are accompanied by text describing soil characteristics. Some interpretation is
provided of the suitability of soils for such uses as septic tank filter fields, sanitary
landfills, building foundations or agriculture.

The SCS is also available to providé some technical assistance in interpreting soils
information. For example, based on its soils data, the SCS may be able to identity
potential threats to ground water posed by a specific land use or development proposal.

For information about soil survey maps or technical assistance from SCS staff, contact
the SCS field office in your county. Field offices are listed under the United States
Department of Agricuture in the telephone book.

National Climatic Data Center (NCDC)

The National Climatic Data Center (NCDC) is a branch of the National Oceanic and
Atmospheric Administration (NOAA). The purpose of the agency is to record and store
weather data from weather stations throughout the country. The NCDC is located in
North Carolina — there are no branch offices in Washington.

Climatic Data

NCDC collects and publishes monthly and annual weather data summaries for the state

It issues separate summaries for climatological data, hourly precipitation, storm data and
comparative climatic data The climatological summaries include precipitation and related
data used in ground water resource investigations. Monthiy or annual! data summaries are
available for alt of the years official weather stations have operated in the state. For
copies of weather data summaries, contact the NCDC in North Carolina.

The National Oceanic and Atmospheric Administration (NOAA) recommends contacting the
State Climatologist for additional weather data. According to NOAA, the State '
Climatologist may have more current data, as well as historical data, not available through
the NCDC. The State Climatologist is located at Western Washington University Office
hours are Monday, Wednesday and Friday until noon.

Addresses

o National Climatic Data Center
Printing and Publication Distribution Center
Asheville, NC 28801
Phone:. (704) 259-0682

o State Climatologist
Western Washington University
Department of Geography
Arentzen Hall 20B
Bellingham, WA 98225
Phone: (208) 676-3116
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STATE AGENCIES

Washington State Department of Ecology

The Department of Ecology has the most comprehensive role in protecting and managing
Washington State's ground water resources. The agency is responsible for enforcing a

number of federal and state ground water protection laws and is concerned with both
ground water depietion and quality issues.

Ecology's main offices are !ocat'ed in Olympia and Lacey. Regional offices are located in
Yakima, Spokane, Redmond and Tumwater.

Water Quantity Information:

Ecology's Water Resources program oversees the allocation and use of all ground waters
within the state The agency has broad powers to prevent ground water depletion --
including the authority to close an aquifer to further use.

Ecology has started mapping some aquifers in the state to identify water supply
availability. Ecology and USGS are also conducting an ambient ground water level
monitoring program to detect aquifer depletion. Aquifer mapping projects have focussed
primarily on water resource problem areas in eastern Washington including Adams, Grant,
Lincoln and Okanogan counties. - For information on aquifer maps, on known or potential
areas of ground water depletion, or on ground waler use, contact the Ecology Water

Resources Program.

The Water Resources program is also charged with keeping a record of all water well
reports, also referred to as well logs, filed under WAC 173-160-050. The primary purpose
of a well log is to record information on water resources. A well log must be filed for
any well drilled in the state and should describe the well location, static water level, well
capacity and the depth to various materials drilled through. Well logs can be used to
map well locations, identify ground water levels, and subsurface geology. However, well
logs must be used with caution because information is not always accurately recorded.
well log information for a particular area of the state can be obtained by contacting the
Water Resources division, or one of the four regional Ecology offices.

Water Quality Information:

Several divisions of Ecology are involved in regulating potential ground water
contamination sources. As part of this activity, they also compile water quality data
Potential contamination sources regulated by each division are summarized below:

(o} Operations and Enforcement: Impoundments, lagoons, spills, saltwater intrusion,
disposal wells, mining wastes, sludge disposal. Shares responsibility with locai
government for storage tanks and septic tanks.

0 Water Quality: Oversees all water quality program activities; develops UIC
program; provides technical guidance and policy oversite for ground water
management; cooperates with Washington Department of Agriculture and Soil
Conservation Districts to control pesticide contamination and develop best
management practices; cooperates with Washington Department of Social and
Health Services to protect public water supplies. '

o Water Resources. Abandoned wells, monitoring wells and aquifer recharge.
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0 Program of Solid and Hazardous Waste: Shares responsibility with local
government for landfilis; develops policy, regulations and programs for hazardous
and solid waste handling and disposal.

At present, Ecology's water quality data is not centralized FEach Ecology division must
be contacted for water quality information with respect to the contamination source it
regulates. Also, where regulatory authority is shared with another agency, the other
agency should also be contacted for information.

Ecology's Water Quality program has developed a set of large presentation maps that
show existing and potential ground water quality problem areas in the state. The maps
are based on existing land use and aquifer information and are intended for educational
use. Smaller maps (117x17") have also been prepared. Ecology staff are available to
present and explain the maps to local jurisdictions. For more information about the
ground water quality maps of Washington contact the Water Quality Program.

State Ground Water Quality Management Strategy

Ecology's Water Quaiity Program is charged with defining the agency's ground water
policy. The division has also been charged with developing a ground water quality
management strategy for the state. The strategy will guide the efforts of the state
ground water management program initiated by passage of SHB 232 described below.

The state ground water quality management strategy is outlined in a report available from
the Water Quality Program. -

Special Programs

A bill passed in 1985 by the Washington State legisiature, SHB 232 (codified as RCW
90.44 400), created a program of assistance to local government for protecting and
improving ground water resources. In the 232 program, local governments initiate a
process that will, with guidance and technical assistance from the Department of Ecoiogy,
result in the development of comprehensive ground water management pians and
programs. Basic funding support from the state can be up to 50 percent (75 percent for
Conservation Districts). Eligible applicants are ranked for priority in receiving funds, with
highest priority going to areas where ground water quality is "imminently threatened.” A
publication entitled Guidelines for Development of Ground Water Management Areas and
Programs desctibes the 232 program and application process in detail. It is available at
no cost from the Department of Ecology's Office of Water Quality.

For more information on the 232" process program and other programs or sources of
funding available for ground water protection planning, contact Ecology's Water Quality

Program.
Addresses

o Washington State Department of Ecology
Operations and Enforcement
Abbott Raphael Hall
Mailstop PV-11
Olympia, WA 98504
Phone: (206) 459-6000

o Water Quality Program
(same address and phone number as above)
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¢ Water Resources Program
Baran Hall
Mailstop PV-11
Olympia, WA 98504
Phone: (206) 459-6770

0 Program of Solid and Hazardous Waste
4224 - 6th Ave SE, Bldg 4
Lacey, WA 98503
Phone: (206) 459-6322
Deparitment of Social and Health Services (DSHS)

Water Quality Information

The Washington State Department of Social and Health Services (DSHS) and local health
departments share responsibility for enforcing federal and state drinking water standards.
As part of this effort, suppliers of public and private drinking water systems are required
to test water samples for contaminants at least every three years. These data are
submitted to DSHS, which maintains Washington State's largest water quality data base.
For information on water quality data, first contact the nearest DSHS regional office.
Additional information may be avaitable from the Water Supply and Waste Section in
Olympia. For computerized data contact the Water Facility Inventory in Olympia.

DSHS shares review and approval of on-site sewage disposal systems with Ecology and
local health departments. Aithough local health departments review most septic system
permits, some larger systems are reviewed by DSHS. For information on the location of
septic systems approved by DSHS, as welfl as information about septic system failures or
potential ground water contamination from septic systems, contact the nearest regional
office. Additional information may be available from the Water Supply and Wastewater

Section in Olympia.

Special Programs

DSHS administers the Public Water System Coordination Act (Chapter 248 56 WAC).
Under this act, areas identified as having inadequate public water supplies, because of
poor water quality, unreliable service or lack of coordinated planning, can be declared
critical water supply service areas. The declaration is issued by DSHS or by the local
government. Then DSHS works with the local government to develop long range
pianning and management programs. This involves coordinating water service providers
and developing mutual design standards among systems.

State support is available for accomplishing the studies conducted under the Public Water
System Coordination Act. The Public Water System Coordination Act has been or is
being used in Clark, Grant, island, Jefferson, King, Pacific, Pierce, San Juan, Skagit,
Spokane, Thurston and Walla Wala counties. For information on the Public Water
Systems Coordination Act, contact the DSHS Water Supply and Wastewater Section,

Planning Program.
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Addresses

o Department of Social and Health Services
Water Supply and Wastewater Section
Olympia, WA 98504
(206) 753-3466

o  Water Facility Inventory
(206) 753-3520

o Planning Program
(206) 753-5986

0 DSHS Northwest Regional Office
217 Pine Street - Room 220
Seattle, WA 98101
Phone: (206) 464-7670

o DSHS East Regional Office
West 924 Sinto
Spokane, WA 99201
Phone: (509) 456-3115

0 DSHS Southwest Regional Office
Mailstop LD-11
Olympia, WA 98504
Phone: (206) 753-3466

Department of Natural Resources (DNR)

The Department of Natural Resources through the Geology and Earth Resources Division,
is responsible for the efficient use and development of the state's natural resources.

~ This includes locating and characterizing its oil, gas and geothermal resources. The
agency is also responsible for enforcing three state laws which protect ground water: the
Surface Mined Land Reclamation Act, the Oil and Gas Conservation Act, and the
Geothermal Resources Act

Geologic Information

DNR publishes a series of maps, open file reports, bulletins, information circulars, and
reports of investigation which contain valuable information about local geologic conditions.
Generally, this information will be more useful to a ground water consultant than to a
planner, but may still be a source worth pursuing. A geologic publications list is
available and can be obtained by contacting DNR division offices in Lacey.

Library
The Geology and Earth Resources Division maintains a comprehensive Iibrary on the

hydrology, geology, geochemistry and mineral resources of Washington State. The tibrary
is located at the division's offices in Lacey and is open to the public.
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Address

o Department of Natural Resources
Division of Geology and Earth Resources
4224 - 6th Avenue SE.

Building 1, Rowe Six
L.acey, Washingion 98503
Phone: (206) 459-6372

Washingion Department of Agriculture (WDA)

The Washington Department of Agriculture is responsible for enforcing federal regulations
and state controls on the use of pesticides Together with DSHS, the agency investigates
pesticide-related human health incidents. WDA also investigates contamination of ground
water from pesticide use. For information on existing or potential pesticides
contamination contact WDA offices in Olympia.

Address

0 Washington Department of Agriculture
406 General Administration Building
Olympia, Washington 98504
Phone: (206) 753-5062

OTHER SOURCES OF INFORMATION
Local Health Departments

Review and approval of on-site wastewater disposal systems is primarily the responsibility
of local health departments, which regulate over 90 percent of the systems installed in
the state. Local health departmenis can be a good source of information on existing or
potential ground water contamination problems resuiting from on-site waste disposal

Typically, local health departments are responsible for regulating the siting, design and
operation of sanitary landfills They can provide information on the location of landfills
and may have information on existing or potential landfill-related ground water

contamination.

Local health departments are aiso involved in monitoring drinking water quality, reviewing
and approving smaller water supply systems, and in investigating ground water
contamination where human health is at risk. Local health departments may be able to
provide water quality information not available from DSHS.

Public and Private Water Suppliers

Public and private water suppliers can provide information on the location of public water
supply sources, the quality and output of those sources, the location of watersheds, water
use statistics and general information about ground water resource conditions. Some
water suppiiers also conduct special, independent ground water investigations which could
provide useful resource information.
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Well Drillers and Septic System Installers

Privale contractors such as well drillers or septic system instaliers can provide general
information on local ground water conditions. For example well drillers may be aware of
areas in which well waler levels have dropped over a period of years--possibly indicating
ground water depletion. Drillers can also be a source of information on aquifers and
aquifer boundaries. Similarly, septic system installers may be familiar with areas
experiencing a high rate of septic system failures--or areas where ground water
contamination from septic systems may be a problem.

Universities and Colleges

Universities and colleges can be sources of additional information and assistance in
ground water protection planning. However, only one of the numerous universities and
colleges in Washington State has a ground water hydrology program. The University of
Washington has a smail but growing program in the Coliege of Engineering staffed by Dr
Wen-Sen Chu, Dr.  Steven J. Burges, and Dr. Dennis P Lettenmaier. A-number of
ground water investigations have been conducted by staff and graduate students at the
college. Dr. Chu indicates graduate students may be interested in providing research or
other assistance to pianners. For more information, contact Dr. Chu, Burges or
Lettenmaier

Address

o University of Washington
College of Engineering
Department of Civil Engineering FX-10
Seattle WA 98195
Phone: (208) 543-23380 or 543-2547

Planning Advisory Service

The Planning Advisory Service (PAS) is a research service offered by the American
Planning Association. PAS collects and produces information on a variety of planning
related subjects--including ground water protection planning. Among the more useful
kinds ot information available through the service are examples of special studies, plans.
and ordinances prepared by planning offices throughout the country. Examples ot ground
water studies, comprehensive plans that address ground water, or ground water protection
ordinances may be available through PAS. You can get this information by either calling
or writing the PAS Research Division. However, you or the agency you work for must be
a PAS subscriber to receive the service.

Address

o0 Planning Advisory Service
Research Division
1313 East 60th Street
Chicago L 60637
Phone: (312) 955-9100
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INFORMATION SOURCES SUMMARY

Table 7.1 summarizes what information is available from the sources described in the
preceding sections

TABLE 7.1: INFORMATION SOURCES SUMMARY
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CHAPTER 8

GROUND WATER CONSULTANTS

INTRODUCTION

This chapter discusses how to decide when to hire a grouhd water consultant, what Kind
of information a consultant can provide, what time and costs may be involved in
conducting a ground water study, and how to go about hiring a consultant.

WHAT TO CONSIDER BEFORE HIRING A CONSULTANT

There are no hard and fast rules about when to hire a consultant. The decision will
depend on local circumstances: the complexity of the hydrologic setting, the severity of
existing ground water problems, a jurisdiction’s financial resources, planning staff's skill in
ground water protection planning and the level of technical support available within the
jurisdiction or from other agencies. Some pianning agencies may be able to develop a
comprehensive plan that incorporates ground water protection with in-house expertise or
help from other agencies Others will want to consider hiring a consultant to support
ground water protection efforts.

Consultants are available with expertise in virtually every aspect of ground water
protection planning. They can direct the planning process, gather ground water resource
information, identify ground water problems, define sensitive areas and develop the
comprehensive plan.

in working with a consultant, it is important to remember that consultants are most
efficient and offer the most cost-effective service when they are asked to solve a specific
problem or when the scope of work is well defined It is far less effective to hire
consultants prior to carefully specifying the scope of work. Some jurisdictions may want
to consider hiring a consultant to help define what a project will cover.

it is also important to know what type of consultants are appropriate for the kind of
work that needs to be done Some firms specialize in engineering, geological, or
planning services, while other firms may combine these services. Consulting firms with
capabilities in ground water and planning are generally listed in the yellow pages under
one of the following caiegories.

0 Geologists: These firms are versed in resource evaluation and ground water
data acquisition and evaluation

(o} Environmental Engineers: These firms usually have a range of capabilities
inciuding planning, resource evaluation, and engineering application.

o] Foundation or Geotechnical Engineers: These firms often maintain geologists or
hydrogeologists on staff.

0 Civil Engineers: These firms specialize in land development and environmental
planning, and often have specific expertise in projects invoiving hydrologic
design.
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TIME AND COSTS OF PREPARING GROUND WATER STUDIES

The time and costs involved in undertaking a ground water study are clearly a function of
the complexity and scope of the project This section lists some factors that can help in
evaluating how long and how expensive a ground water study might be.

Time Factors

0

Will the project involve collecting and reviewing of existing information or will
new data need to be generated?
New data generally requires a longer period of time to collect.

H new data is to be colected, will it be coliected over several seasons or in a

single year?

Ground water studies which involve water sampling or monitoring typically
extend over several seasons so that seasonal effects can be evaluated.

How will project completion be determined? Will it require approval from a
number of peopte? Will public input be required?

The more people involved in the review or approval of the project, the longer
the project will take to complete. Although an obvious factor, the time involved
is usually underestimated.

How extensive is the study?
The proposed study's size and complexity are the major determinants of the
time required to complete it.

Cost Factors

]

Will the project involve collecting new subsurface information?
if exploratory borings are necessary, costs are usually high.

Will chemical analyses be required?
Conventional water analyses are not too expensive, but analysis for exotic

organic chemicals can be quite costly.

Is the project scope well defined or wili it be refined as the project progresses?
Although often necessary to a successful project, scope refinement is generally
meore costly,

How extensive is the study?
Project scope ultimately determines cost.

Will project compietion require approval from a number of people? Will public
input be required? ‘

Expanding the number of people involved expands costs primarily because more
meetings and more report revisions are required.

Are there any unusual conditions influencing the project's completion?
Unusual conditions could include weather, the requirement for field work
changes in elected or appointed officials, requirements for regulatory agency
approval, or logistical difficulties related to dealing with large military
installations '
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Estimated Project Costs

As noted, project time and costs depend on the project’'s scope and complexity. Each
pro;ect will have a unique set of circumstances and conditions which influence these
costs. Although no summary can accurately reflect exact costs for a specific project,
some examples, based on 1986/87 prices, are offered below. These include three of the
major costs involved in conducting ground water studies: personnel costs, drilling costs
and chemical analysis costs. :

Personnel Costs

Most consuitants charge on an hourly basis within either an estimated or "not-to-exceed"
budget amount. Hourly rates commoniy range as follows:

Clerical personnel  $20 - $30 per hour
Project personnel $30 - $50 per hour
Senior personnel $50 - $75 per hour

Generally, the majority of the work is performed by "project personnel”. Therefore, the

average hourly rate for most projects willi be between $30 and $50 per hour. Based on

this rate and assuming 40 hours at an average rate of $38 per hour, the average weekly
cost would be around $1,500

Drilling Costs

Drilling costs for installing ground water monitoring wells will vary according to drilling
conditions. For example, soft drilling conditions in alluvium will result in a lower footage
charge than drilling in basalt. Also, the type of drill rig used influences the costs.

in most cases, drillers charge on a per foot basis, plus material expenses and well
development time Well development is normaily charged on an hourly basis. Footage
rates generally range between $10 and $50 per foot, depending on the conditions. In
some cases, for example, where hazardous materials are expected, drillers charge on an
hourly basis. These rates typically range from $85 to $125 per hour,

Chemical Analysis Costs

Costs for chemical analyses also vary with the type of test. Typical charge rates are
given in Table 8.1
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TABLE 81

CHEMICAL. ANALYSIS COST EXAMPLES

TEST COST

TJotal Coliform $10 - $15 each
Metals $5 - $12 each
Inorganics (nitrate, sulfate, $5 - 515 each

chloride, stc.)
indicator tests (pH, hardness, $10 - $50 each

total organic carbon)

Organic compounds Wide range. Usually analyzed for groups of
compounds rather than individual compounds.
Exampte: EPA priority pollutant volatile
organics are $200 - $300 each; polycyclic aro-
matic hydrocarbons are $150 - $250 each.

Five Project Examples
The time and costs of five ground water studies recently conducted in Washington are

shown on Table 82 The table reflects the consultant's involvement in each project.
The time and costs involved in agency management of the project are not included.
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TABLE 82
TYPICAL PROJECT COSTS

Project Time Approx. cost

Clover/Chambers Creek Geohydrologic Study. $450,000
Tacoma-Pierce County Health Department — 1985

Comprehensive assessment of geohydrology, water

quality, and land use, and development of framework

for ground water protection plan inciuding public

education. Project included 25-well monitoring

program
Phase 1. Study area characterization 9 months
Phase 2. Data Collection 14 months
Phase 3: Evaiuation and Report 6 months
Groundwater Availability Study. Washington 2 weeks $ 2,000

State Reilormatory Monroe — 1984
Research availabie information, evaluate
ground water occurrence, recommend well
focation and design.

Spokane Aquifer Cause and Effect Study. 1 year

Spokane County — 1578

Well installation ' $ 20,000

Chemical analyses 175,000

U S G5 computer modelling 80,000

Data review and evaluation* ___ 55,000
$230,000

Ground Water Supply Study. 1 year $329,000

City of Auburn — 1982

Detine geology and hydrology in area and

potential for ground watet development. Included
water level monitoring, and installation of seven
test wells. Formuilate long-range water supply plans

Ground Water Resource Evaluation Study. 8 weeks $ 7.000
Kitsap Public Utility District Number 1 — 1985

Research available information, compile well

inventory, identify principal aquifers, evaluate

aquifer yield, recommend new well siting and

general design

*Note: Data review was performed by a consultant who was paid as an employee of
Spokane County. If normal consultant rates were used, costs would have more
than doubled for data review.
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HIRING A CONSULTANT

Once the jurisdiction has determined the scope of the project and the type of consultant
needed, a consultant invitation should be prepared. The invitation can take the form of a
reguest for qualifications (RFQ) or a request for proposals (RFP). An RFQ is simply a
request for a statement from the consulting firm regarding its qualifications and expertise
An RFP, on the other hand, is a request for a detailed response to a specific project in
which the firm is asked to describe how it will complete the scope of work, staff
qualifications to do the work, and an estimate of what the job will cost.

The most efficient way 10 proceed is to begin the process with an RFQ. This permits
the jurisdiction to screen potential consultants and select those appearing to be the most

qualified. Proposals are then reguested from the "short list" of those consuitants most
qualified to meet the jurisdiction’'s needs.

An eflective Request for Proposals should provide:
c project title
1] principal project goals
0 project background and previous efforts

o} scope of the project (sufficiently detailed to outline required work and
sufficiently general to require the responding consultant to show an
understanding of the project)

0 general level of effort expected of the consultant
0 criteria for selecting the consultant

0 deadline and conditions for submission, including the number of copies to be
submitted

The RFP shouid request the consultant to provide a:

0 work pian (methodoiogy, analytic method, required data) for completing the work
outlined in the scope of work

o budget providing a breakdown of estimated costs for completing the work

o schedule of work indicating deadlines for completing each element of the scope
of work

Generally, the jurisdiction will need to form a selection committee to rate proposals and
interview the top 3-5 firms Rating critetia should include the following:

] overall firm experience
o specific experience in similar projects
0 professional qualifications of staff, especially those who will be assigned to the

project
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0

firm’s policies and approach to project management, including organization and
communication

approach to project, including understanding of the work to be done, and the
thoroughness, responsiveness and appropriateness of the presentation

availability of staff, facilities and equipment necessary for the project

cosis: considered on a per task basis (some costs may appear low because less
work is being proposed than is offered by others)

firm’'s reputation and references from previous clients

Once the consultant is hired, a lead staff member should be assigned to work with the
consultant, to monitor progress and to coordinate communication between the consultant
and the jurisdiction. Periodic progress reports or mestings should be incorporated into
the contract to assure that the expectations of both parties are being met.
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ANNOTATED BIBLIOGRAPHY

The following annotated bibliography highlights important national, regional and local
publications on subjects related to ground water protection planning. Organized by topic,
section headings include:

Legal and Regulatory Framework

Ground Water and Land Use Planning

Ground Water Science

Water Supply Systems and Their Development

Ground Water Contamination and Remediation

Ground Water Studies and Maps Covering Washington State

Ground Water Studies and Maps Covering Counties in Washington State

000000

Legal and Regutatory Framework

Rose, Jerome G. Legal Foundations of Environmental Planning: Textbook/Casebook,
American Planning Association, Chicago, 1983.

Explains environmental law and illustrates problems of enforcement. It describes the
common Jaw principles on which environmental lawsuits are brought and defended;
expiains the Safe Drinking Water Act as well as state and local laws to protect water
quality; and examines the response to controversial laws that seek to protect
environmental quality by controlling population growth and distribution.

Washington State Department of Ecology, Chapter 173-100 WAC. Ground Water
Management Areas and Programs. Adopied; December 18, 1985,

This esiablishes guidelines, criteria, and procedures for designating ground water
management areas, subareas or zones. It also sets forth the process for deveioping
ground water management programs.

Washington State Legislature, Chapter 90.44, RCW. Regulation of Public Ground
Waters.

The State Ground Water Code specifies conditions of issuance of water right permits
for ground water withdrawals, limitations on granting permits, priorities between
appropriators, etc.



Washington State Leugislature, Chapter 90 54, RCW. Water Resources Act of 1971,

This act sets forth the pclicy fundamentals for the use and management of waters
within Washington State, including ground water. The Act designates responsibility to
the Washington Department of Ecoiogy to develop and implement the state's water
resources program, seek involvement of other persons and entities, and make reports
to the legisfature.

Washington State Legislature House Bill Number 1138, 1984 Session.

This bill adds new sections to Chapter 90.54 RCW (see above). It requires all local
government comprehensive plans to include elements protecting the quality and quan-
tity of public ground water supplies.

Washington State Legislature. Substitute House Bill Number 232, 1985 Session

This bill adds new sections to Chapter 9044 RCW (see above) and identifies ground
water management procedures which are consistent with both local needs and state
water resource policies. These include protection of water quality, assurance of
quality, and provisions for the efficient management of water resources to meet
future needs.

Ground Water and Land Use Planning

American Water Resources Association Groundwater Protection in Washington State —
Preventing Aquifer Contamination and Depletion, Proceeding of the American Water
Resources Association, Washington State Section Conference, Bellevue, Washington,
Qctober 17, 1985

Papers presented at this conference address ground water quantity and quality, and
impacts of human activities and land use control. - Because the conference was
geared towards Washington State, this book provides a good source of background
information for planners.

The Carrying Capacity Concept as a Planning Tool, American Planning Association,
Chicago, 1978.

Explains how planners have begun to use carrying capacity analysis to evaluate the
impact of growth on various resources to determine when important planning deci-
sions necessary to accommodate growth must be made. Included are short case
studies from 22 agencies.

Crystal, Roy M. Municipal Groundwater Quality Management Through Land Use
Regulation and Zoning, Presented to Eastern Regional Conference on Ground water
Management, Qriando, Florida, October 31-November 2, 1983




Driscoll, Richard S, Daniel L. Merke!, et al. An Ecological Land Use Classification
Framework for the United States. U.S. Department of Agriculture Miscellaneous
Publication Number 14385, 1984,

Presents a land use classification system including soil, vegetation, water and land-
form elements, which is designed to assist in making resource management decisions.

DiNovo, Frank and Martin Jaffe. Local Groundwater Protection: Midwest Region,
American Planning Association, Chicago, 1984

A comprehensive guide to ground water resource protection for planners. Addresses
ground water protection in the Midwest but is sufficiently broad in scope to apply to
ground water protection in Washington State. Includes chapters on ground water
problems, sources of ground water contamination, legal framework for ground water
protection, data needs for ground water protection, ground water protection planning,
regulation for ground water protection and implementing a ground water protection
program. Appendices list ground water management techniques and protection ordi-
nances currently in use In various parts of the U.S. Also includes an excellent list of
references. Scheduled to be revised and updated in 1986. The new edition, to be
titled Local Ground Water Protection, will cover nationwide ground water protection
issues.

Dunne, Thomas and Luna B. Leopold. Water in Environmental Planning, W H. Freeman
and Co., 1978

A textbook containing chapters on ground water and factors affecting ground water
quality. Technically oriented but with a good explanation of the principles of esti-
mating a ground water budget.

Gordon, Wendy. Citizen's Handbook to Ground Water Protection. Natural Resources
Defense Council, New York, N.Y. 1984

Office of Technology Assessment, U.S. Congress. Protecting the Nation's Groundwater
from Contamination, (2 volumes), US Government Printing Office, Washington, D.C,,
1984,

Comprehensive survey of efforts undertaken by federal and state governments to pro-
tect ground water quality. Examines efforis and methods used to detect, prevent and
correct ground water contamination. Contains an excellent review of federal legisla-
tion on ground water.

Performance Controls for Sensitive Lands: A Practical Guide for Local
Administrators, American Planning Association, Chicago, 1975,

A comprehensive report on the way local governments can regulate environmentally
sensitive areas. Shows local governments how to design ordinances to protect
environmentally sensitive areas



Pye,

Verconica, Ruth Patrick and John Quarles. Ground water Contamination in the

United States, University of Pennsylvania Press, Philadelphia, 1983

Provides an overview of ground water qualilty problems in the US  Describes factors
affecting ground water quality, relationships between ground water quality and land
use, sources and types of ground water contaminants and ground water protection
measures. Includes discussion of land use controls such as lot size restrictions and

restrictions onh septic system densities

Sanders, Weltord and Charles Thurow. Water Conservation in Residential Development:

Land-use Technigues, American Planning Association, Chicago, 1982,

Describes how planners can help communities reduce residential water demands. it
recommends ways to incorporate conservation measures into land use policies and
regulations and describes conservation strategies currently being used by local
governments Includes an excelent bibliography and list of contacts for further

information.

Tourbier, J. Toby and Richard Westmacott. Water Resources Protection Technology:

us

Van

A Handbook of Measures to Protect Water Resources in Land Development, Urban
Land Institute, Washington D.C, 1981

A description of measures that can be used in land development to protect surface
water and ground water resources. Measures are presented in groups addressing
spectfic water resource related problems including: increases in runoif and decreases
in infiltration, storm runoff poilution and pollution from sewage. For all measures
described, the purpose, application, advantages and disadvantages, design criteria,
specifications, illustrations and references for further information are given.

Department of the Interior. Groundwater Protection: A Water Quality
Management! Report, Water Planning Division, Washington D.C., November 1980

A collection of articles on a variety of topics under the generai category of ground
water protection. Very easy reading Articles of particular interest discuss ground
water contamination from septic and onsite wastewater systems, solutions to solid
and hazardous waste disposal, other ground water poilution sources and pioneer pro-

tection programs.

der Leeden, Fritz, Lawrence A. Cerrillo, and David W. Miller. Ground Water
Pollution Problems in the Northwestern United States, NTIS, Springfield, 1975

Although dated, this publication provides a good general description of state ground
water resources, and baseline ground water guality and quantity problems.

Working With Consultants, American Planning Assaciation, Chicago, 1983

Guide for public planning agencies on how to hire and work with consultants
Describes procedures for selecting consultant. Gives advice for preparing a RFP.



Ground Water Science

Bower, Herman. Groundwater Hydrology, McGraw-Hill Book Co., New York, 1978

A textbook containing chapters on ground water quality and ground water con-
tamination Oriented to the hydrology student but general enough to provide a useful
background for planners who have some understanding of natural sciences.

Dunne, Thomas and Luna B. Leopold. Water in Environmenta! Planning, W.H. Freeman
& Co., New York, 1978.

A textbook containing chapters on ground water and factors affecting ground water
quantity. Technically oriented but with a good explanation of the principles of esti-
mating a ground water budget.

Freeze, R Allen and John A. Cherry. Groundwater, Prentice-Hall, Englewood
Clifts, N.J., 1979.

Perhaps the most widely-used reference for ground water occurrence, hydrology, and
contamination. Freeze and Cherry provide basic coverage of most important ground

water topics.

Heath, Ralph C Basic Groundwater Hydrology, US. Geological Survey Water Supply
Paper 2220, US Government Printing Office, 1983

Provides an easy reference format with a one or two-page synopsis of fundamental
hydrological concepts and terms. Each synopsis is accompanied by an illustrative

figure

Lohman, SW. Ground Water Hydraulics. US Geological Survey Professional Paper
708, 1972

. Definitions of Selected Ground Water Terms — Revisions and
Conceptual Refinements. U.S. Geological Survey Water Supply Paper 1988, 1972

Todd, David Keith Ground Water Hydrology, (2nd edition), John Wiley & Sons,
New York, 1980

For many years, the basic text used in introductory courses. It presents the fun-
damentals of ground water hydrology in an easy-to-read format.

Matthess, George and John C. Harvey. The Properties of Ground Water. John Wiley
and Sons, New York, 1982

includes discussions of man-made factors affecting ground water quality and methods
tor classifying and assessing ground water.
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U.S. Department of the interior Ground Water Manual, A Water Resources Technical
Publication, Water and Power Resources Service, Revised Reprint, 1981.

Water Supply Systems and Their Deveiopment

Naticnal Water Well Association. America’s Priceless Ground Water Resource,
pamphlet, 1985.

Describes in simpie terms ground water occurrence, development, and protection

Reeves, H. Clyde and Scott Ellsworth. Funding Clean Water, Lexington Books, D.C.
Heath, Lexihgton, MA, 1984

Describes how to fund the replacement or rehabilitation of water systems to meet
current water quality standards in times of fiscal restraint. Experis discuss funding
options; privatization; roles of federal, state and local governments; public education;
and policy management and maintenance Contributors from ten states provide case
studies to describe possible solutions.

Sargent, Frederic O and Blaine P Sargent. Rural Water Planning: The Wave of the
Future, Planners Bookstore, Chicago, 1984,

Describes various rural water planning concepts, methods, formulas and procedures
that have been developed and tested in experimental planning projects.

U.0O.P Johnson Division. Ground Water and Wells, 6th printing, St. Paul, 1980

This book is the "Bible" of the water well industry and has been used for many
years as a guide and reference source for well siting, instalation, development, main-
tenance, and sanitary protection.

U.S. Environmental Protection Agency. Manual of Water Weill Construction Practices,
EPA Office of Water Supply, EPA-570/8-75-001, 1977

A complete compendium of afl feasible technologies presented in a contract specifi-
cation format.

U.8. Environmental Protection Agency. Manual of Individual Water Supply Systems,
U S. EPA Office of Drinking Water, EPA-570/9-92-004, 1982,

This book provides a basic and readily understandable review of siting, development,
and maintenance of water supply wells and surface water sources. Subjects include
selection of a water source, developing the source, and water treatment.



Walton, William €. Ground Water Resource Evaluation, McGraw-Hill Book Co., New York,
1970.

A broad and detalied discussion of the development and management of ground water
resources. Topics include basic hydrology, well design criteria, ground water quality,
and aquifer management.

Ground Water Contamination and Remediation

Canter, LW., and R.C. Knox Ground Water Pollution Control. Lewis Publishers Inc,
Chelsea, Michigan 1985.

This text provides a comprehensive treatment of remedial technologies, decision
making and risk assessment methods, and a number of case studies

CouncH for Agriculture Science and Technology. Agriculture and Ground Water
Quality, Report No. 103, 1985.

This report describes agricultural practices and their effects on ground water quality.
Topics include salinity, fertilizers, pesticides, and health effects.

LeGrand, Harry E. A Standardized System for Evaluating Waste Disposal Sites,
National Water Well Association, Worthington, Ohio, 2nd ed., 1983.

A numerical system for evaluating the potential for ground water contamination from
waste disposal sites The system uses four key parameters to quantify risk, including
distances to a water supply, depth to water table, hydraulic gradient (i.e direction of
ground water flow), and a permeability-sorption factor based on the geologic setting.

Milter, DW. (ed) Waste Disposal Effects on Ground Waier. Premier Press,
Berkeley, CA 1980

National Water Well Association. Everything You Ever Wanted to Know About Septic
Tanks, But Didn't Know Wham io Ask, NWWA pamphlet, Worthington, Ohio, 1985

A short discussion of domestic on-site waste water disposal systems and their impact
on ground water

New York State Department of Environmental Conservation. Recommended Practices
for Underground Storage of Petroleum, 1984,

This publication describes practices for protecting underground storage tanks from
leaking and for leak detection Includes a general discussion of hazards posed by

leaking tanks.



U S Environmental Protection Agency. Protection of Public Water Supplies from
Ground Water Contamination. Center for Environmental Research, Technology
Transfer, EPA/625/4-85/016, September 1985

This document describes management alternatives, methods for controlling volatile
organic compounds in drinking water, and in-ground treatment.

Ward, C.H., W. Giger, and P.L. McCarth. Ground Water Quality, John Wiley and Sons,
Somerset, N.J 1985

A collection of papers representing the first comprehensive analysis of chemical and
biological processes affecting ground water quality.

Warner, Don L. and Jay H. Lehr. Subsurface Waste Water Injection, National Water
Well Association, Worthington, Ohio, 1981.

A design manual for design and maintenance of injection wells. Includes discussion
of planning, operation, and abandonment.

Ground Water Studies and Maps Covering Washington State

Dion, NP, and S8 Sumioka. Seawater Intrusion Into Coastal Aquifers in
Washington, 1978. Washington State Department of Ecology Water Supply Bulietin 56,
1984, ‘

This bulletin assesses the extent and severity of seawater intrusion in 14 coastal
counties of Washington in 1978, It compares data with an earlier study conducted
from 1966 to 1968.

Ebbert, JC. and KL. Payne. The Quality of Water in the Principal Aquifers of
Southwestern Washington. US.G S. Water Resources Investigations Report 84-4093

Hunting, M.T, et ai. Geological Map of Washington, State of Washington, Department
of Natural Resources, 1961,

The only complete geologic map of Washington Useful for reference purposes.

Manson, Connie J. Index to Geologic and Geophysical Mapping of Washington, 1889 -
1883 Washington State Department of Natural Resources, Information Circular 77,
1984, :

Martin, LJ. Ground Water in Washington. Washington Water Research Center, Report
No. 40 Wash State Univ, Pullman, WA. 1882



Molenaar, Dee Flowing Artesian Wells in Washington State, Washington Department
of Conservation Water Supply Bulletin 16, 1961

Useful for historic records of flowing wells.

Moienaar, Dee, Peter Grimstad and Kenneth L Walters. Principal Aquifers and Well
Yields in Washington, Washington Department of Ecology Monograph No. 5, 1980

This publication consists of a map showing the principal aquifers in Washington as
they relate to the principal geologic provinces. The map also shows numerical sum-
maries of well vield in each province. Valuable as a reference guide,

United States Geological Survey. Mineral and Water Resources of Washington,
Washington Division of Mines and Geology, Reprint 9, 1966

This publication provides generalized information about the geology and water resour-
ces of Washington. A good reference book for constructing geologic overlays.

Van Denburgh, AS and JF. Santos. Washington Department of Conservation
Ground Water in Washington, Its Chemical and Physical Quality, Division of Water

Resources, Water Supply Bulletin No. 24, 1965

One of the first efforts to compile ground water quality information for Washington.
A valuable source of historic water guality information

Washington Division of Geology and Earth Resources. Geothermal Resources of
Washington, Washington Department of Natural Resources, Division of Geology and

Earth Resources, Geologic Map GM-25, 1981,

This map shows the location of major thermal springs and wells and delineates areas
of shallow thermal groundwater. Also, well and spring data, such as flow voiume,
temperature, and total dissolved solids, is tabulated A valuable document for areas
where groundwater is a potential geothermal resource.

Ground Water Studies and Maps Covering Counties in Washington State

Adams County

Garrett, AA, Ground Water Withdrawal in the Odessa Area, Adams, Grant, and Lincoln
Counties, Washington, Washington Department of Water Resources, Water Supply

Bulletin No. 31, 1968

Grolier, MJ, and JW Bingham. Geologic map and Sections of Parts of Grant, Adams,
and Franklin Counties, Washington; U.S Geological Survey Miscellaneous Geologic
Investigations Map 1-589, 1971, 6 sheets.

Luzier, JE., JW. Bingham, R J. Burt, and R.A. Barker. Ground Water Survey,
Odessa-Lind Area, Washington, Washington Department of Water Resources, Water
Supply Bulletin No. 36, 1868.
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Walters, Kenneth L, and Maurice J. Grolier. Geology and Ground Water Resources of
the Columbia Basin Project Area, Washington, Voiume 1, Washington Dept of
Conservation Water Supply Bulletin No. 8, 1960,

Benton County

Molenaar, Dee. Water in the Horse Heaven Hills, South-Central Washington,
Washington Department of Ecclogy Water Supply Bulletin No. 51, 1982

Chelan County

Cater, FW., and D.F. Crowder Geologic Map of the Holden Quadrangle, Snohomish
and Chefan Counties, Washington, U.S. Geological Survey Geologic Quadrangle Map
GQ-646, 1962, 1 sheet. Scale 1.62,500.

Cater, FW,, and TL. Wright Geologic Map of the Lucerne Quadrangle, Chelan County,
Washington, U S. Geological Survey Geologic Quadrangle Map GQ-647, Geoiogic map
1967, 1 sheet. Scale 1:62,500.

Gresens, R.L., Geologic Mapping of the Wenatchee Area, Washington Division of
Geology and Earth Resources Open-File Report 75-6, 1975, 2 sheets. Scale 1:12,000

Gresens, R.L. Surficial Geologic Map of the Wenatchee Quadrangle, Washington,
Washington Division of Geology and Earth Resources Open-File Report 78-14, 1979, 1
sheet. Scale 1:250,000.

Gresens, R.L. Geology of the Wenatchee and Monitor Quadrangles, Chelan and Douglas
Counties, Washington, Washington Division of Geology and Earth Resources Bulletin
75, 1883, 75 p Geologic maps: 139a, Plate 1, Geologic map of the Wenatchee
quadrangle, scale 1:24,000; 138b, Plate 2, Geologic map of the Monitor quadrangle,
scale 1:24,000.

Whetten, JT. and J A. Laravie. Preliminary Geologic Map of the Chiwaukum 4 NE.
Quadrangle, Chiwaukum Graben, Washington, US. Geological Survey Miscelianeous

Field Studies Map MF-794, 1976, 1 sheet. Scale 1:24,000.

Whetten, J T, and R.B. Waitt, Jr. Preliminary Geologic Map of the Cashmere
Quadrangle, Chiwaukum Lowland, Washingion, U.S. Geological Survey Miscellaneous
Field Studies Map MF-808, 1978, 1 sheet. Scale 1:24,000.

Clallam County

Brown, RD. Jr. Geologic Map of North-Central Part of the Olympic Peninsula,
Washington, US Geological Survey Open-File Report 70-43, 1970, 2 sheets. Scale
1:62,500. - :

Brown, RD., Jr, HD Gower, and PD. Snavely, Jr, Geology of the Port Angeles-Lake
Crescent Area, Clallam County, Washington, U.S. Geological Survey Oil and Gas
Iinvestigations Map OM-203, 1960, 1 sheet. Geologic map: Scale 1:62,500.
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Noble, J B. A Preliminary Report on the Geology and Ground Water Resources of the
Sequim-Dungeness area, Clallam County, Washington, Washington Division ot Water
Resources Water Supply Bulletin 11, 1960, 43 p. Plate 2, Geologic map of the
Sequim-Dungeness area, Scale 1:34,000

Othberg, K.L. and Pam Palmer. Preliminary Surficial Geologic Map of Part of the
Gardiner Quadrangle, Clallam_County, Washington, Washington Division of Geology and
Earth Resources Open-File Report 79-19, 3 p, 1980, 1 sheet. Scale 1:24,000

Othberg, KL, and Pam Palmer. Preliminary Surficial Geclogic Map of the Carlsborg
Quadrangle, Clallam County, Washington, Washington Division of Geology and Earth
Resources Open-File Report 79-20, 1980, 1 p., 1 sheet. Map 1A, Scale 1:24,000

Othberg, K.L., and Pam Palmer. Preliminary Surficial Geologic Map of the Sequim
Quadrangle, Clallam County, Washington, Washington Division of Geology and Earth
Resources Open-File Report 79-18, 1980, 4 p., 1 sheet. Scale 1:24,000.

Washington Department of Ecology. Coastal Zone Atlas of Washington; Volume 12,
Clallam County: Washington Department of Ecology, 1978, 1 v. Scale 1:24,000.

Note: Fach section of coastline has maps showing Geology, Slope Stability;
Coastal Flooding; Sand and Gravel/Critical Biological Areas; Coastal Drift;

Land Cover/Land Use.

Clark County

Cline, Charles, and Paul A. Eddy. Ground Water Conditions near Rocky Point
Interchange, Cowlitz County and near Mill Plain SR-205, Clark County, Washingion,
Washington Department of Ecology Investigations Report No. 73-007, 1974

Mundorff, M.J Geology and Ground Water Resources of Clark County, Washington,
Washington Division of Water Resources Water Supply Bulletin 9, 1960, 660 p. Plate
1, Geologic map of western part of Clark County, Washington, scale 1:78,000

Mundorff, M.J Geology and Ground Water Conditions of Clark County, Washington, with
a Description of a Major Alluvial Agquifer Along the Columbia River, US Geological
Survey Water Supply Paper 1600, 1964, 268, p, Plate 2, Geologic map of western part
of Clark County, Washihgton, scaie 1:48,000.

Columbia County

MacNish, R.D., and RA. Barker. Digital Simulation of a Basalt Aquifer System,
Walla Walla River Basin, Washington and Qregon, Washington Department of Ecology

Water Supply Bulletin 44, 1976
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Cowlitz County

Ciine, Charles. Geology and Ground Water Resources, Vicinity of Castle Rock,
Cowlitz County, Washington, Washington Deptartment of Ecology Investigations,
TR73-010, 1973,

Cline, Charles, and Paul A. Eddy, Ground Water Conditions near Rocky Point
Interchange, Cowlitz County and near Mill Plain SR-205, Clark County, Washington,
Washington Department of Ecology Investigations Report No. 73-007, 1574,

Eddy, P.A Investigations - Geology and Ground Wéte_r Resources, Vicinity of Toutle
River and SR-504, Cowlitz County, Washington, Washington Department of Ecotogy
Technical Report 71-18, 1971, 16 p. Figure 2, Geologic map, scale 1:72,400

Livingston, V.E., Jr. Geology and Mineral Resources of the Kelso-Cathlamet Area,
Cowlitz and Wahkiakum Counties, Washington: Washington Division of Mines and
Geology Bulletin 54, 1966, 110 p. 208a Figure 22, Geologic map and cross section of
the Kelso 7}-minute quadrangle, scale 1:24,000. 208b Figure 23, Preliminary geologic
map and cross section of the Cathlamet-Coal Creek area, Cowlitz and Wahkiakum
Counties, Washington, scale 1:62,500.

Myers, D A. Availability of Ground Water in Western Cowlitz County, Washington,
Washington Department of Ecology Water Supply Bulietin No. 35, 1970

Myers, D.A. Availability of Ground Water in Western Cowlitz County, Washington,
Washington Department of Ecology Water Supply Bulletin  No. 35, 1970, 63 p. Piate 1,
Generalized geology of western Cowlitz County, Washington, scale 1:125,000

Ferry County

Muessig, Siegfried. Geology of the Republic Quadrangie and a Part of the Aeneas
Quadrangle, Ferry County, Washington, U.8. Geological Survey Bulietin 1216, 1967,
137 p. Plate 1, Geologic map and sections of the Republic and a part of the Aeneas
quadrangles, Ferry County, Washington, scale 1:62,500.

Parker, RL. and J A. Calkins. Geology of the Curlew Quadrangle, Ferry County,
Washington, U.S. Geoclogical Survey Bulletin 1168, 1964, 95 p. Plate 1, Geologic map
and sections of the Curléw quadrangle, Ferry County, Washington, scale 1:62 500.

Pearson, RC., Geologic Map of the Bodie Mountain GQuadrangle, Ferry and Okanogan
Counties, Washington, U.S. Geological Survey Geologic Quadrangle Map GQ-636, 1967,
4 p., 1 sheet. Scale 1:62,500

Pearson, R.C. Preliminary Geologic Map of the Togo Mountain Quadrangle, Ferry County,
Washington, U8 Geological Survey Open-File Report 77-371, 1977, 1 sheet. Scale
1:48,000,

Staatz, MH. Geology of the Bald Knob Quadrangle, Ferry and Okanogan Counties,
Washington, U.S Geological Survey Bulletin 1161-F, 1964, 79 p. Geologic map: Plate
1, Geologic map and sections of the Bald Knob quadrangle, Ferry and Okanogan
Counties, Washington, scale 1:62,500.
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Walters, K.L. Availability of Groundwater at the Border Stations at Laurier and
Ferry Washington, U.S. Geological Survey Circular 422, 1960, 8 p. 422a Figure 3,
Geological features and location of selected wells in the Kettle River valley at
Laurier, Washington, scale 1:22,000. 422b Figure 4, Geological features and location
of selected wells in the Kettle River valley at Ferry, Washingion, scale 1:20,000.

Wilson, J.R. Preliminary Geologic Map of the Boyds Quadrangle, Ferry and Stevens
Counties, Washington, U.S. Geological Survey Open-File Report 80-983, 1980, 2 plates
Scale 1:24,000.

Wiltson, J.R. Geologic Map of the Bangs Mountain quadrangle, Ferry and Stevens
Counties, Washington, U.S. Geological Survey Open-File Report 81-581, 1981, 2
sheets. Scale 1:24,000.

Franklin County

Grolier, M.J. and JW. Bingham. Geologic Map and Sections of Parts of Grant,
Adams, and Franklin Counties, Washington, US Geological Survey Miscellaneous
Geologic Investigations Map 1-589, 1971, 6 sheets. Scale 1:62,500.

Tanaka, HH.; AJ. Hansen, Jr, and JA. Skrivan. Digital-Model Study of Ground
Water Hydrology, Columbia Basin lrrigation Project Area, Washington, Washington
Department of Ecology Water Supply Bulletin 40, 1974,

Walters, Kenneth L, and Maurice J. Grolier. Geology and Ground Water Resources of
the Columbia Basin Project Area, Washington, Volume 1, Washington Department of
Conservation Water Supply Bulietin No. 8, 1960

Grant County

Garrett, AA. Ground Water Withdrawal in the Odessa Area, Adams, Grant and Lincoin
Counties, Washington, Washington Department of Water Resources Water Supply
Bulietin No. 31, 1968.

Grolier, M.J. and JW Bingham. Geologic Map and Sections of Paris of Grant, Adams,
and Frankiin Counties, Washington, U.5. Geological Survey Miscellaneous Geologic
Investigations Map 1-589, 1971, 6 sheets. Scale 1:62,500

Grolier, MJ. and BL Foxwoerthy. Geology of the Moses Lake North Quadrangle,
Washington, US Geological Survey Miscellaneous Geologic investigations Map 1-330,

1961, 1 sheet Scale 1:24,000

Luzier, JE, JW. Bingham, R J.Burt, and R.A Barker. Ground Water Survey,
Odessa-Lind Area, Washington, Washington Department of Water Rescurces, Water
Supply Bulletin No 36, 1968

Tanaka, HH, AJ. Hansen, Jr., and JA. Skrivan. Digital-Model Study of Ground
Water Hydrology, Columbia Basin lrrigation Project Area, Washington, Washington
Department of Ecology Water Supply Bulletin 40, 1974
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Walters, Kenneth L., and Maurice Grolier. Geology and Ground Water Resources of
the Columbia Basin Project Area, Washington, Volume 1, Washington Department of
Conservation Water Supply Bulietin No. 8, 1960

Grays Harbor County

Drost, BW. Appraisal of Ground Water Conditions and Potential for Seawater
Intrusion at Taholah, Quinauit Indian Reservation, Washington, U S Geological Survey
Water Resources Investigations Report 84-4361, 1985,

Eddy, P A Preliminary investigation of the Geology and Ground Water Resources of
the Lower Chehalis River Valley and Adjacent Areas, Grays Harbor County,
Washington, Washington Division of Water Resources Water Supply Bulletin 30, 19686,
70 p. Plate 1, Geologic map of the lower Chehalis River valley, Grays Harbor County,
Washington, scale 1:90,000.

Rau, WW. Geology of the Wynoochee Valley Quadrangle, Grays Harbor County
Washington, Washington Division of Mines and Geology Bulletin 56, 1967, 51 p
Figure 2, Geoclogic map and sections of the Wyncochee Valley gquadrangle,
Washington, scale 1:62,500.

Rau, WW. Geologic Map of the Destruction Island and Taholah Quadrangle,
Washington, Washington Division of Geotogy and Earth Resources Geclogic Map
GM-13, 1975, 1 sheet.

island County

Anderson, Henry W, Jr. Ground Water Resources of Island County, Washington
Department of Water Resources Water Supply Builetin No. 25, Part 1I, 1968

Cline, D.R, M.A. Jones, et al Preliminary Survey of Ground Water Resources
for Island County, Washington, U S Geological Survey Open-File Report 82-561, 1982

Dethier, D P., S A Safioles, and J.P. Minard, Preliminary Geologic Map of the
Maxwelton Quadrangle, Island County, Washington, U.S. Geological Survey Open-File
Report 82-192, 1982, 13 p., 1 plate. Plate, scale 1:24,000.

Easterbrook, Don J Pleistccene Stratigraphy of Island Gounty, Washington
Department of Water Resources Water Supply Bulietin No. 25, Part 1, 1968

Washington Department of Ecology Coastal Zone Atlas of Washington; Volume 4,
island County, Washington Department of Ecology, 1879, 1 v. Scale 1:24,000

Note: Each section of coastline has maps showing Geology. Slope Stability;
Coastal Flooding; Sand and Gravel/Critical Biological Areas; Coastal Drift;
Land Cover/lLand Use,
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Jeiferson County

Birdseye, RU. Geologic Map of East-Central Jefferson County, Washington, Washington
Division of Geology and Earth Resources Open-File Report 76-26, 1976, 1 sheet.
Scale 1:24,000.

Grimstad, Peder and RJ. Carson. Geology and Ground Water Resources of Eastern
Jefferson County, Washington, Washington Department of Ecology Water Supply
Bulletin 54, 1981, 125 p., 3 plates. Plate 1, Geologic map of eastern Jefterson
County, scale 1:48,000.

Rau, WW. Geologic Map in the Vicinity of the Lower Bogachiel and Hoh River
Valleys, and the Washington Coast, Washington Division of Geology and Earth
Resources Geologic Map GM-24, 1979, 1 sheet. Scale 1:62,500

Washington Department of Ecology. Coastal Zone Atlas ol Washington; Volume 11,
Jefferson County, Washington Department of Ecology, 1978, 1 v. Scale 1:24,000

Note: Each section of coastline has maps showing Geoclogy; Slope Stabitity;
Coastal Flooding; Sand and Gravel/Critical Biological Areas; Coastal Drift;
Land Cover/lLand Use.

King County

CH2M Hill. Well Field Protection Study, prepared for the City of Renton, 1984

This report provides the hydrogeoclogic background for ground water protection, and

identifies land use controls available to the City for that protection The Renton well
field taps a highly vulnerable aquifer. This report was Renton's first attempt to eva-
luate its vulnerability and to devise protection measures.

Carr, J.R. and Associates. Vashon/Maury lIsland Water Resources Study, prepared for
the King County Planning Division, 1983.

A report on the ground water resources of Vashon lIsland. The report estimates
island ground water resource capacity and identifies potential ground water problems.
it is one of the first studies published in Washington aimed solely at providing ground
water resource information for land use planning purposes. it is also one of the few
studies to define the carrying capacity of an area based on ground water resources
Its recommendations were used in developing the Vashon Community Plan Update.

Ctine, Denzel R, Availability of Ground Water in the Federal Way Area, King
County, Washington, U.S. Geological Survey Open-File Report, 1969.

Economic and Engineering Services, Inc, Herrera Environmental Consultants, and Hart
Crowser Associates, Inc. Highline Well Field Study, Technical Memoranda, prepared
for the City of Seattle, 1984-85.

This study provides baseline data on ground water quantity and quality in the area
and represenis a numerical model for evaluating development of the ground water
resource Major sources of contamination are described along with land use
measures for aquifer protection
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Harper-Owes, and Sweet, Edwards, and Associates, Inc. Duwamish Ground Water
Studies, a report Tor Municipality of Metropolitan Seattle, 1985

The report includes a literature review on ground water, iand use, and contaminant
sources in the study area and development of a ground water monitoring strategy.

Liesch, BAA. Records of Wells, Water Levels, and Quality of Ground Water in the
Sammamish Lake Area, King County, Washington, U.S. Geological Survey Open-File
Report, 1855

A water resources publication valuable for its historic record of water use.

Liesch, BA. and CF. Price. Geology and Ground Water Resources of Northwestern
King County, Washington, Washington Department of Conservation Water Supply
Bulietin 20, 1963

Livingston, V.E, Jr. Geology and Mineral Resources of King County, Washington,
Washington Division of Mines and Geology Bulletin 63, 1971, 200 p. Plate 1, GGOIOQIC
map of King County, Washington, scale 1:125,000.

Luzier, JE Geology and Ground Water Resources of Southwest King County, Washington,
U.S Geological Survey Water Supply Bulletin No. 28, 1969,

This publication is a basic reference for the occurrence of ground water in south-
western King County. Water use has changed since publication, but valuable historic
information on water use is provided along with the geologic conditions controliing
ground water occurrence

Minard, JP Geologic Map of the Kirkland Quadrangle, Washington, U.S. Geological
Survey Misceillaneous Field Studies Map MP-1543, 1983, 1 sheet. Scale 1:24,000

Mullineaux, D.R. Geologic Map of the Auburn Quadrangle, King and Pierce Counties,
Washington, U.S. Geological Survey Geologic Quadrangle Map GQ-406, 1965, 1 sheet.
Scaie 1:24,000.

Mullineaux, D.R Geologic Map of the Black Diamond Quadrangle, King County,
Washington, US. Geological Survey Geoclogic Quadrangle Map GQ-407, 1 sheet.
Scale 1:24,000.

Mullineaux, D.R. Geologic Map of the Renton Quadrangle, King County, Washington,
US. Geological Survey Geologic Quadrangle Map GQ-405, 1965, 1 sheet Scale
1:24,000.

Pool Engineering. Ground Water Supply Study, for the City of Auburn, 1982

Summarizes ground water availability and quality in the Auburn Valley. Aiso identifies
additional potential well sites and estimates available quantities of water.

Reichert, William H. Annotated Guide to Sources of Information on the Geology,
Minerals, and Ground Water Resources of the Puget Sound Region, Washington, King
County Section, Washington Division of Geology and Earth Resources information
Circutar 61, 1978
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Richardson, Donald, JW. Bingham, and RJ. Madison. Water Resources of King County,
Washington, with a section on sediment in streams by RC. Williams, US Geologicai
Survey Water Supply Paper 1852, Plate 1, Scale 1:62,500, 1968.

A reference work for basic surface and ground water occurrence data in King
County.

Robinson and Noble, Inc. Construction Héport - Well 18 - King County Water District
124, Federal Way, Washington, November, 1978

. Results of Test Drilling - Test Wells 1-78 and 2-78 for
King County Water District 1124, April 1979

King County Water District 124 - Construction of Two Wells
Near Edgewood May 1981

Sweet, Edwards & Assoc. Duwamish Ground Water Study. Tacoma, WA, 1985.

Turney, G.L. Quality of Ground water in the Puget Sound Regioh, Washington.
U8 G S Water Resources Investigations Report B4-4258. Tacoma, WA, 1886

Waldron, HH, BA, Liesch, D.R. Mullineaux, and D.R, Crandell, Preliminary
Geologic Map of Seattie and Vicinity, Washington, U.S: Geological Survey
Miscellaneous Geologic Investigations Map 1-354, 1962, 1 sheet. Scale 1:31,680.
Geology of the Des Moines Quadrangle, Washington, U.S Geological
Survey Geologic Quadrangle Map GQ-159, 1962, 1 sheet. Geologic map: Scale
1:24,000

Geologic Map of the Duwamish Head Quadrangle, King and Kitsap
Countigs, Washington, US. Geological Survey Geologic Quadrangte Map GQ-706,
1967, 1 sheet. Scale 1:24,000

. Geology of the Poverty Bay Quadrangle, Washington, U S. Geological
Quadrangie Map GQ-158, 1961, 1 sheet. Scale 1.24,000

Washington Department of Ecology. Coastal Zone Atlas of Washington; Volume 8, King
County, Washington Department ot Ecology, 1979, 1 v. Scale 1:24,000.

Note: Each section of coastline has maps showing Geology, Slope Stability;
Coastal Flooding; Sand and Gravel/Critical Biological Areas; Coasta! Drift;

Land Cover/Land Use.

Vine, JD. Preliminary Geologic Map of the Hobart and Maple Valley Quadrangies,
King County, Washington, Washington Division of Mines and Geology Geologic Map
GM-1, 1862, 1 sheet. Scale 1:24,000

Kitsap County

Eddy, P A. investigations - Geology and Ground Water Resources in. Vicinity ot
Silverdale, Kitsap County, Washington, Washington Department of Ecology Technical
Report 71-8, 1971, 11 p. Figure 1, Well location and geclogic map, scale 1:56,000.
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Garling, M.E., Dee Molenaar, et al. Water Resources and Geology of the Kitsap
Peninsula and Certain Adjacent Islands, Washington Division of Water Resources

Water Supply Bulletin No. 18, 1965,

Hansen, AJ.. and Dee Molenaar. Availability of Ground Water in the Area Surrounding
the Trident Submarine Construction Facility, Kitsap County, Washington, US.
Geological Survey Open-File Report 76-351, 1976,

. and E. L. Bolke. Ground Water Availability on the Kitsap Peninsula, _
Washington, US Geological Survey Water Resources Investigations, Open-File Report
81-1186, 1980,

Sceva, J.E. Geology and Ground Water Resources of Kitsap County, Washington, U.S.
Geological Survey Water Supply Paper 1413, 1957, 178 p. Plate 1, Geologic map of
Kitsap County, Washington, scale 1:48,000.

Washington Department of Ecology. Coastal Zone Atlas of Washington;Volume 10,
Kiteap County, Washington Department of Ecology, 1979, 1 v. Scale 1:24,000

Note: Each section of coastline has maps showing Geology; Slope Stability;
Coastal Flooding; Sand and Gravel/Critical Biological Areas; Coastal Drift;
Land Cover/Land Use.

Kiickitat County

Brown, Jefirey C. Geology and Water Resources of Klickitat County, Washington
Washington Department of Ecology Water Supply Bulletin No. 50, 1979

Luzier, JE. Ground Water Occurrence in the Goldendaie Area, Klickitat County
Washington, U.S. Geological Survey Hydrologic Investigations Atlas HA-313, 1969, 1
sheet. Scale 1:62,500.

Moienaar, Dee. Water in the Horse Heaven Hills, South-Central Washington,
Washington Department of Ecology Water Supply Bulletin No. 51, 1982

Kittatas County

Bentley, RD. and N.P. Campbell. Geologic Map of the Ellensburg Quadrangle,
Washington, Washington Division of Geology and Earth Resources Geologic Map
GM-28, 19883, 1 sheet. Scaie 1:62,500.

Walker, CW., 1980, Geology and Energy Resources of the Roslyn-Cle Elum Area,
Washington, Washington Division of Geology and Earth Resources Open-File Report
80-1, 1980, 58 p. Map 1A, Geologic map with accompanying cross sections, scale
1:24,000.
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Lewis County

Schuster, JE. A Learning Guide on the Geology of the Cispus Environmental Center
Area, Lewis County, Washington, Washington Division of Geology and Earth Resources
Open-File Report 73-4, 1973, 53 p  Figure 5, Geologic map and cross sections ot the
Cispus Environmental Center area, Lewis County, Washington, scale 1:42,000

Weigle, JM. and B.L. Foxworthy, Geology and Ground Water Resources of West-Central
Lewis County, Washington, Washington Division of Water Resources Water Supply
Bulletin 17, 1962, 248 p. Plate 2, Geologic map of central part of area investigated in
Lewis County, scale 1:63,360; Plate 3, map of western part of area investigated in
Lewis County, showing generalized geology and locations of wells and springs, scale
1:63,360; Plate 5, map of eastern part of area investigated in Lewis County, showing
generalized geology and locations of wells and springs, scale 1:63,3€0.

Lincoln County

Garrett, A.A. Ground Water Withdrawal in the Odessa Area, Adams, Grant, and Lincoln
Counties, Washington, Washington Department of Water Resources Water Supply
Bulletin No 31, 1968

Luzier, JE., JW Bingham, RJ. Burt, and RA Barker. Ground Water Survey,
Odessa-Lind Area, Washington, Washington Department of Water Resources, Water
Supply Bulletin No. 36, 1968

Mason County

Cady, WM., ML, Sorensen, and N.S. MacLeod.  Geologic Map of the Brothers
Quadrangle, Jefferson, Mason, and Kitsap Counties, Washington, US. Geological
Survey Geologic Quadrangle Map GQ-969, 1972, 1 sheet Scale 1.62,500.

Carson, RJ. Geologic Map of Northcentral Mason County, Washington, Washington
Division of Geology and Earth Resources Open-File Report 76-2, 1976, 1 sheet. Scale:
1:62,500.

Lum, WE and KL. Walters Reconnaissance of Ground Water Resources of the Squaxin
Island Indian Reservation, Washington, U.S. Geological Survey Open File Report
76-382, 1976, 49p.

Molenaar, Dee, and John B. Noble Geology and Related Ground Water Occurrence,
Southeastern Mason County, Washington, Washington Department of Water Resources
Water Supply Bulletin No 29, 1970, Plate 1, Geology of southeastern Mason County,
Washington, scale 1:62500.

Washington Department of Ecology Coastal Zone Atlas of Washington, Volume 9,
Mason County, Washington Department of Ecology, 1980, 1 v. Scale 1:24,0600.

Note: Each section of coastline has maps showing Geology; Slope Stability;
Coastal Flooding; Sand and Gravel/Critical Biological Areas; Coastal Drift;
Land Cover/Land Use.
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Okanogan County

Artim, ER Ground Water in the Methow Valley, Mazama to Winthrop, Washington
Division of Geology and Earth Resources Open-File Report 75-1, 1975, 9p. Plate B1,
Generalized geology of Okanogan River basin and locations of selected wells, scale
1:125,000. Plates 1 through 4, Okanogan County primary state highway 16, Mazama to
Winthrop, topography map no. B-56, scale 1:2,400.

Russell, RH., and Paul A Eddy. Geohydrologic Evaluation of Aeneas Lake-Horse
Springs Coulee, Okanogan Coulee, Washington, Washington Department of Ecology,
Office of Technical Services January 1972.

Walters, KL. Water.in the Okanogan River Basin, Washington, Washington Department
of Ecology Water Supply Bulietin 34, 1974, 136p.

Pacific County

Tracy, JV. Ground Water Resources of the North Beach Peninsula, Pacific County,
Washington, U.S. Geological Survey Open-File Report 77-647, 1978, 45p

Wagner, H.C. Preliminary Geologic Map of the Raymond Quadrangle, Pacific County,
Wasghington, U.S. Geological Survey Open-File Report 67-265, 1967, 1 sheet. Scale
1:62,500.

Wagner, HC. Preliminary Geologic Map of the South Bend Quadrangle, Pacific County,
Washington, U.S. Geological Survey Open-File Report 67-266, 1967, 1 sheet. Scale
1:62,500.

Welis, RE.. Geologic Map of the Cape Disappointment-Naselle River Area, Pacific
County, Washington, U.S. Geological Survey Open-File Report 79-389, 1979, 1 sheet.
Scale 1:48,000.

Welis, RE Geo!ogi'c Map of the Eastern Willapa Hills, Cowlitz, Lewis, Pacific, and
Wahkiakum Counties, Washington, U.S. Geological Survey Open-File Report 81-674,
1981, 1 plate. Scale 1:62,500

Wolfe, EW. and EH McKee. Geology of the Grays River Quadrangle, Wahkiakum and
Pacific Counties, Washington, Washington Division of Mines and Geology Geolagic
Map GM-4, 6p., 1968, 1 sheet, Scale 1:62,500

Pend Qreille County

Burmester, R.F. and F K. Miller. Preliminary Geologic Map of the Abercrombie
Mountain Area, Pend Oreille County, Washington, US Geological Survey Open-Fiie
Report 83-600, 1983, 10 p., 1 plate. Scale 1:48,000.

Miller, F.K. Preliminary Geologic Map of the Newport Number 1 Quadrangte, Pend
Oreiile County, Washington and Bonner County, Idaho, Washington Division of Geology
and Earth Resources Geologic Map GM-7, 1974, 6 p, 1 sheet. Scale 1:62,500
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Miller, FK. Preliminary Geologic Map of the Newport Number 2 Quadrangle, Pend
Oreille and Stevens Counties, Washington, Washington Division of Geology and Earth

Resources Geologic Map GM-8, 1974, 6 p, 1 sheet. Scale 1:62,500.

Miller, F.K. Preliminary Geologic Map of the Newport Number 3 Quadrangle, Pend
Oreille, Stevens, and Spokane GCounties, Washingion, Washington Division of Geology
and Earth Resources Geologic Map GM-9, 1974, 7 p., 1 sheet. Scale 1:62,500.

Miller, FK. Preliminary Geologic Map of the Newport Number 4 Quadrangie, Spokane
and Pend Oreille Counties, Washington and Bonner County, ldaho, Washington
Division of Geology and Earth Resources Geologic Map GM-10, 6 p, 1974,1 sheet.

Scale 1:62,500.

Milier, FK. Geologic Map of Salmo-Priest Wilderness Study Area (RARE E£6-981
A1-981), Pend Oreille County, Washington, and Boundary County, ldaho, US.
Geological Survey Miscellaneous Field Studies Map MF-1192-0A, 1982, 1 sheet. Scale

1:48,000

Miller, FK. Preliminary Geologic Map of the Gypsy -Peak Area, Pend Oreille County,
Washington, and Bonner and Boundary Counties, ldaho, U S Geological Survey
Open-File Report 83-601, 1983, 14p, 1 piate. Scale 1:48,000.

Schroeder, MC Geology of the Bead Lake District, Pend Oreille County, Washington:
Washington Division of Mines and Geology Bulletin 40, 1952, 57 p. Plate 1, Geologic
map of the Bead Lake district, Pend Oreille County, Washington, scale 1:63,360.

Yates, RG. Geologic Map and Sections of the Deep Creek Area Stevens and Pend
Oreille Counties Washington, U.S. Geological Survey Misceilaneous Geologic investi-

gations Map 1-412, 1964, 1 sheet. Scale 1:31,680.

Pierce County

Brown and Caldwell, with Sweet, Edwards & Associates and Robinson & Noble, Final
Report Clover/Chambers Creek Geohydrologic Study for Tacoma-Pierce County Health

Department, 1885,

This is a comprehensive ground water protection study, one of the first of its Kind in
the state. The study identifies regional hydrogeology and ground water quality and
discusses the relationship between ground water quality and land use activities. The
study also provides land use planning recommendations and framework for a ground
water management plan. A comprehensive bibliography is included.

Garling, M.E, Dee Molenaar, et al. Water Resources and Geology of the Kitsap
Peninsula and Certain Adjacent lslands, Washington Division of Water Resources

Water Supply Bulletin No. 18, 1965.

includes a description of ground water resources in the northwestern portion of
Pierce County (Gig Harbor Peninsula and Longbranch Peninsula).
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Griffin, W.D., J.E. Sceva, HA. Swenson, and M.J. Mundorff. Water Resources of the
Tacoma Area, Washington, US. Geological Survey Water Supply Paper 1489-B, 1962.

A good source of background information on surface and ground water resources in
the Tacoma area.

Hansen, AJ, and EL. Bolke. Ground water Availability on the Kitsap Peninsula,
Washington, U.S Geological Survey Water Resources Investigations, Open File Report
81-1188, 1989.

Lumii, WE, and GL. Turney. A Preliminary Evaluation -of Hydrology and Water
Quality Near the Tacoma Landfill, Pierce County, Washington, U.S. Geological Survey
Water Resources Investigations, Report 84-4351, 1985

Mundorff, M.J., JH. Weigle, and GD Hoimberg Ground water in the Yelm Area,
Thurston and Pierce Counties, Washington, U.S. Geological Survey Open-File Report,
1955,

Provides valuable records of historic ground water use and quality.

Shamir, Vri Prof. The South Tacoma Aquifer as a Supplementary Water Source, City of
Tacoma Water Division, 1981,

Smith, Mackey. Geologic Map of the City of Tacoma, Pierce County, Washington,
Washington Division of Geology and Earth Resources Open File Report 77-9, 1977

Smith, Mackey. Surficial Geology of Northeast Tacoma, Pierce County, Washington,
Washington Division of Geology and Earth Resources Open-File Report 76-9, 1976, 1
sheet. Scale 1:24,000.

Tacoma/Pierce County Health Department and others. South Tacoma Channel Aquifer
Management Plan Concept Paper Proposal, submitted to Washington State Department

of Ecology, March 30, 1984,

US Department of Agricuiture, Soil Conservation Service. Soil Survey of Pierce
County Area, Washingion, 1979.

Walters, KL and GE. Kimmel. Ground Water Occurrence and Stratigraphy of Uncon-
solidated Deposits, Central Pierce County, Washington, Washington Department of
Water Resources Water Supply Bulletin 22, Plate 1, 1:50,000, 1968.

Washington Department of Ecology. Coastal Zone Atlas of Washington; Volume 7,
Pierce County, Washington Department of Ecology, 1979, 1 v. Scale 1:24,000
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GLOSSARY OF TERMS USED IN THE TEXT

Alluvium: River sediment such as clay, silt, sand, gravel, or other similar material depo-
sited by running water.

Area of Influence: The area within a cone of depression (depression in the water table --
see below) as projected to the land surface.

Attenuation: The general process of reducing the amount and concentration of con-
taminants in water. Includes physical, chemical and biological processes as well as
dilution.

Capillary Fringe: The zone above the water table in which water is drawn up and held by
surface tension.

Clean Water Act: Basic federal legisiation regulating surface water quality

Cone of Depression: The depression in the water table or potentiometric surface (see
below) around a pumping well caused by water withdrawal.

Confined Aquifer: An aquifer overliain by a confining bed in which the water level in a
well drilled into the aquifer stands above the base of the confining bed.

Confining Bed: A geologic unit with fow permeability (hydraulic conductivity) which
restricts movement of water into or out of the aquifer.

Contaminant: An undesirable or injurious substance added to the water.

Discharge Area: The location at which ground water moves from an aquifer to the land
surface or to a surface water body.

Drillers Log: A record of the geologic and aquifer conditions encountered by a driller
during drilling of a water supply well. The State of Washington requires that a log be
completed for each well

Flow Rate: The volume of flow per time (e.g., gallons per minute)

Flowing Artesian Wells: Wells which tap confined aquifers which flow at ground surface
without the necessity of pumping.

Geologic Map: A map showing the aerial distribution of geologic units and the attitude
or structure of those units.

Geothermal: Relating to elevated temperatures in the subsurface which typically includes
heated ground water.

Ground Water Divide: A line separating two regions of diverging flow.

Hazardous Wastes: Wastes containing compounds injurious to the environment or which
pose a health risk,



Hydraulic Conductivity Value: The capacity of a rock or soil to transmit water. It is a
factor which relates volume of flow to the difference in hydraulic head between two

points.

Hydraulic Gradient. Change in head between two points divided by the distance between
the points (i.e., slope}.

Hydrologic Cycle: The cyclical movement of water from the oceans to the land and back
to the oceans.

Indicator Tests: Non-specific chemical tests designed to monitor group characteristics or
properties as an indicator of general water quality.

Intermediate Zone: The portion of the unsaturated zone (see below) between the soil
zone and the capillary fringe (see above).

lonic Form: In a form having a plus or minus charge.

Land Farming: Spreading chemical sludges on iand and cultivating them into the soil for
degradation

Leaching. To remove soluble constituents from a soil or waste by infiltrating water
Microbial Pathogens: Micro-organisms which can cause disease.

Organic Chemicals: Generally compounds containing hydrogen and carbon, i.e, hydrocar-
bons.

Plume: A contaminated portion of an aquifer extending from the original contaminant
source.

Potability: Ability to be used as drinking water.

Potentiometric Surface: An imaginary surface representing the total head of a confined
aquifer. The total head consists of the elevation head and pressure head.

Production Zone: The depth interval in a water supply well from which water is being
obtained.

Radionuclides: The radioactive forms of various elements.

Recharge Area: An area which primarily serves to recharge a given aguifer. Ground
water flow in this area is predominantly downward from the water table.

Seawater Intrusion: The entry of seawater into a fresh water aquifer.

Saturated Zone: The zone beneath the iand surface in which water filis all pores at a
pressure greater than or equal to atmospheric pressure.

Soil Zone: The zone which generally supports plant growth.

Solution Cavities: Cavities created in limestones by water dissolution



Unconfined (Water Table) Aquifer: An aquifer which is only partially filled with water and
in which the water table, or a surface in equilibrium with atmospheric pressure, forms the

upper boundary.
Unsaturated Zone: The subsuriace zone containing both water and air. The lower part

of the unsaturated zone (capillary fringe) does not actually contain air, but is saturated
with water held by suction at less than atmospheric pressure.

Wastewater Injection Wells: Wells designed to inject wastewaters into deep aguifers for

disposal purposes.

Water Table: The level of underground water at which the hydraulic pressure equals
atmospheric pressure.
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"APPENDIX 1

CHAPTER 253
[House Bill No. 1138}
GROUND WATER

AN ACT Relating 10 the protection of water resources; amending section 35 63 090,
chapter 7, Laws of 1965 as amended by scetion 5, chapler 170, Laws of 1979 ex. sess. and
RCW 135.61 090; amending section 35A.63 06!, chapter 119, Laws of 1967 ex. sess. and RCW
35A 63 061; amending section 36.70 330, chapter 4, Laws of 1963 and RCW 36.70 330; and
adding new sections to chapter 90 54 RCW

Be it enacted by the Legistature of the State of Washington:

Sec. | Section 3563.090, chapter 7, Laws ol 1965 as amended by
section 5, chapter 170, Laws of 1979 ex. sess. and RCW 35.63.090 are each
amended to read as follows:

All regulations shall be worked out as parts of a comprehensive plan
which each commission shall prepare for the physical and other generally
advantageous development of the municipality and shall be designed, among
other things, to encourage the most appropriate use of land throughout the
municipality; to lessen trallic congestion and accidents; lo sccure safety
from fire; to provide adequate light and zir; to prevent overcrowding of
land; to avoid undue concentration ol population; to promote a coordinated
development of the unbuilt areas; to encourage the formation of neighbor-
hoed or communily units; to secure an appropriaic allotment of land area in
new developmenis for all the requirements of community life; to conserve
and restore natural beauty and other natural resources; to encourage and
protect access to direct sunlight for solar energy systems; and to [facilitate
the adequate provision of transportation, walter, sewcrage and other public
uses and requirements, including protection of the quality and quantity of
ground water used lor public water supplies.

Sec. 2 Section 35A 63.061, chapter 119, Laws of 1967 ex sess. and
RCW 35A.63 061 are each amended to read as follows:

The comprehensive plan shall be in such form and of such scope as the
code city's ordinance or charter may reguire. 1t may consist of a map or
maps, diagrams, charts, reports and descriptive and explanatory text or
other devices and materials to express, explain, or depict the elements of the
pian: and it shall include a recommended plan, scheme, or design for each
of the iollowing elements:

(1) A land-use element that designates the proposed general distribu-
tion. general location, and extent of the uses of land. These uses may in-
clude, but are not limited to, agricultural, residential, commercial,
industrial, recreational, educational, public, and other catepories of public
and private uses of land The land- use element shall also include estimates
of future poputation growth in, and statements of recommended standards
of populution density and bu:ldmg, mlcns:ty for, the area covered by the

comprehensive plan. The land use clement shail also provide for protection
of the quality and quantity of ground water used for public water supplies.

{2) A circulation element consisting of the general location, alignment,
and extent of existing and proposed major thoroughfares, major lransporta-
tion routes, and major terminal facitities, all of which shall be currelated
with the land-usc element of the comprehensive plan,
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Sec. 3 Section 3670 330, chapter 4, Laws of 1963 and RCW 136.70-
330 are each amended 1o read as follows:

The comprehensive plan shall consist of a map or maps and descriptive
text covering objectives, principles and standards used to develop it, and
shall include each of the following elements:

(1} A land use element which designates the proposed gensral distri-
bution and general location and extent of the uses of land for agriculiure,
housing, commerce, industry, recreation, education, public buildings and
lands, and other categories of public and private use of land, including a
statement of the standards of population density and building intensity rec-
ommended for the various areas in the jurisdiction and estimates of future
population growth in the arca covered by the comprehensive plan, all corre-
lated with the land use eleinent of the comprehensive plan, The fand use el-
ement shall also provide for_protection of the quality and quantity of ground
water used for public water supplies;

{2) A circulation element consisting of the general location, alignment
and extent of major thoroughfares, major transportation routes, trunk utili-
ty lines, and major terminal facitities, all of which shall be corretated with
the land use element of the comprehensive plan;

(3) Any supporting maps,. diagrams, charts, descriptive material and
reports necessary to explain and supplement the above elements

NEW SECTION. Sec. 4. There is added to chapter 90.54 RCW a new
section to read as follows:

The department of ccology may recommend land use management
policy modifications it finds appropriate for the further protection of ground
and surface water resources in this state. Such advisory recommendations
may be made Lo other state regulatory agencies, local governments, water
systems, and other appropriate bodies.

NEW SECTION. Sec 5. There is added to chapter 90 54 RCW a new
section to read as follows: '

The legislature hereby declares that the protection of groundwater
aquifers which are the sole drinking water source for a given jurisdiction
shall be of the uppermost priority of the state department of ccology, de-
partment of social and hcalth services, and all local government agencies
with jurisdiction over such arcas In administration of programs reluted to
the disposal of wastes and other practices which may impact such waler
quality, the department of ecology, department of social and health services,
and such aflected local agencies shall explore all possible measures for the
protection of the aquifer, including any appropriate incentives, penalties, or
other measures designed to bring about practices which provide for the least
impact on the quality of the groundwater.

Passed the House March 2, 1984.

Passed the Senate February 24, 1984

Approved by the Governor March 28, 1984,

Filed in Office of Secretary of Siate March 28, 1984
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CHAPTLR 453
[Substitute House Bill No, 232]
GROUND WATER MANAGEMENT

AN ACT Relating 10 ground water management; adding new sections to chapter 90.44
RCW; and decluring an emergency

Be it enacted by the Legislature of the State of Washington:

NEW SECTION. Sec. 1 (1) This legislation is enacted for the pur-
pose of identifying pround water management procedures that are consss-
tent with both local needs and statec water resource policies and
management objectives; including the protection of water quality. assurance
of quantity, and efficient management of water resources to meet future
needs

En recognition of existing water rights and the need to manage ground
water aquifers for futurc use, the department of ccology shall, by rule, es-
tablish standards, criteria, and a process for the designation of specific
ground water areas or sub—areas, or separate depth zones within such area
or sub-area, and provide for either the department of ecology, local govern-
ments, or ground water users of the area to initiate development of a ground
water management program for each area or sub-area, consistent with state
and local government objectives, policies, and authorities. The department
shall develop and adopt these rules by January 1, 1986

(2) The department of ecology, in cooperation with other state agen-
cies, local government, and user groups, shall identify probable ground wa-
ter management areas or sub-areas The department shall also prepare a
general schedule for the development of ground water management pro-
grams that recognizes the available local or state agency stafl and financial
resources to carry out the intent of sections | through 3 of this act The de-
partment shall also provide the option for locally initiated studies and for
local government to assume the lead agency role in developing the ground
water management program and in implementing the provisions of scctions
I through 3 of this act. The criteria to guide identification of the ground
water areas or sub-areas shall include but not be limited to, the {ollowing:

(a) Aquifer systems that are declining due to restricted recharge or
over—utilization:

(b) Aquiler systems in which over-appropriation may have occurred
and adjudication of water rights has not yet been completed;

{c) Aqutler systems currently being considered for waler supply reser-
vation under chapter 90 54 RCW for future beneficial uses;

(d) Aquifers identified as the primary source of supply for public water
‘supply systems: ' : - a

(e) Aquifers designated as a sole source aguifer by the federal envi-
ronmental protection agency; and

(N Geographical arcas where land use may result in contamination os
degradation of the ground water quality

(3) In developing the ground water management programs, priority
shall be given to areas or sub-arcas where water quality is imminently
threatened.
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NEW SECTION. Sec. 2. (1) To assist in the development of ground
water management programs, a ground water management advisory com-
mittee, with representation from major user and public interest groups, and
state and local governments shall be appoinied by the department for each
area or sub-area The procedure for advisory commitiee appointment, terms
of appointment, and committee responsibilities shall be addressed in the
rules prepared under section 1 of this act.

(2} The ground water area or sub-area management programs shall
include:

{a2) A description of the specific ground water area or sub-areas, or
separate depth zones within any such area or sub-area, and the relationship
of this zonc or area to the land use management responsibilities of county
government;

{b) A management program based on long-ierm monitoring and re-
source management objectives for the area or sub-area; '

(c) Identification of water resources and the alocation of the resources
to meet state and local needs;

{d} Projection of water supply needs {or existing and future identified
user proups and beneficial uses;

tar dontiheation of water resource management policies and/or prac-
tices thst may impact the recharge of the designated arca or policies that
may sdlect the sale yield and quantity of water available for future
appropriaton;

{1} ldentification of land vse and other activities that may impact the
quality and cllicient use of the ground water, including domestic, industrial,
sofid. and other waste disposal, underground storage facilities, or storm wa-
ter management practices;

(g) 1he design of the program necessary to manage the resource to as-
sure tong term benehts to the citizens of the state;

thy Idenutication of water quality objectives for the aquifer system
whick recopnize existing and futare wses of the aquiler and that are in ac-
cordance with department of ecology and depariment of social and health
services drinking and surface water quality standards;

(i) Long-term policies and construction practices necessary to protect
existing water rights and subsequent [acilities installed in accordance with
the ground water area or sub-area management programs and/or other
water right procedures;

. U) Annual withdrawal rates and safe yicld guidelines which are direct-
ed by the long-term management programs that recognize annual variations
in aquifer recharge;

(k} A description of conditions and potential conllicts and identification
of & program lo resolve conflicts with existing water rights;

{1) Alternative management programs to meet future needs and exist-
ing conditions including water conservation plans; and

(m) A process for the periodic review of the ground water management
program and monitoring of the implementation of the program

(3) The ground water arca or sub-arca management programs shall be
submitted for review in accordance with the state environmental policy act
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NEW SECTION. Sec 3 The department of ecolegy shall consider the
ground water area or sub-area management plan for adoption in accord-
ance with this chapter and chapter 90 54 RCW

Upon completion of the ground water area or sub--area management
program, the department ol ecology shall hold a public hearing within the
designated gro{.md waler management arca for the purpose of taking public
testimony on the proposed program Following the public hearing, the de-
partment of ecology and affected local governments shall (1) prepare find-
ings which either provide for the subsequent adoption of the program as
proposed or identify the revisions necessary to ensure that the program is
consistent with the intent of this chapter, and (2) adopt regulations, ordi-
nances, and/or programs for implementing those provisions of the ground
water management program which are within their respective jurisdictional
anthorities '

NEW SECTION. Sec 4. The department of ecology, the department
of social and health services, and affected local governments shall be guided

by the adopted program when reviewing and considering approval of all
studies, plans, and facilitics that may utilize or impact the implementation
of the program.

NEW SECTION. Scc. 5 Sections 1 through 4 of this act shali not al-
fect any water rights existing as of the eflective date of this act.

NEW SECTION. Sec. 6. This sct is necessary for the immedinte
preservation of the public peace, health, and salety. the support of the state
government and its existing public institutions, and shali take effect
tnmediately.

NEW SECTION. Sec 7 Sections | through 5 of this act are each
added 1o chapter 9044 RCW.

Passed the House March 13, 1885

Passed the Senate April |8, 1985,

Approved by the Governor May 21, 1985

Filed in Oflice of Secrelary of State May 21, 1985
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KEY STATE 1 AWS AND REGULATIONS - BY POLLUTANT SOURCE

POLLUTANT SOURCE

Landfills and Dumps

Surface Impoundments

Subsurface Sewage Disposal
and Lakes Application

Underground Storage Tanks

Accidenial Spilts

Radioactive Waste

Agricultural Wastes

Salt Water Intrusicn

Petroleum Exploration/
Developmeni

Injection Wells

Abandoned Wells. Moni-
toring Wells, Water Supply
Wells

Highway Deicing

Artificial Recharge

Mining Wastes

Sludge Application

STATE LAW

RCW 7095 Solid Waste Managment

RCW 70.105 Hazardous Waste
Management

RCW 90 48 Water Pollution Control

RCW 9052 Pollution Disclosure

RCW 90 48 Water Pollution Control
RCW 8052 Pollution Disclosure

RCW 9048 Water Pollution Control

RCW 43 20 State Board of Health

RCW 70.05, 70.08, 7046 Local
Boards of Health

RCW 9048 Water Pollution Controi
RCW 70.105 Hazardous Waste
Management
RCW 8048 Water Pollution Control
RCW 7098 Nuclear Enhergy
RCW 70.121 Mill Tailing - Lisc
and Perpetual Care

RCW 8048 Water Poliution Control

RCW 80.44 Regulation of Public
Groundwaters

RCW 9054 Water Resources Act

RCW 70116 Public Water System
Coord. Act

RCW 7852 Oil and Gas
Conservation

RCW 80 48 Water Pollution Control
RCW 43 21A Department of Ecoloay

RCW 18 104 Water Well Construction

RCW 9048 Water Poliution Control
RCW 8048 Water Poliution Control

RCW 7095 Solid Wwaste Management

STATE REGULATION

WAC 173-301 Minimum Functional
Standards

WAC 173-303 Dangerous Waste
Regulations ‘

WAC 173-216 State Waste
Discharge Permits

WAC 173-220 NPDES Permits

WAC 173-216 State Waste Dis-
charge Permits ,
WAC 173-220 NPDES Permits

WAC 173-240 Submission of Plans
and Reports for Construction
of Wastewater Facilities

WAC 248-96 Rules and Regulations
of the State Board of Health -
On Site Sewage Disposal Systems

WAC 372-36 Columbia Basin Irri-
gation Area - Sewage and Waste

WAC 173-303 Dangerous Waste
Regulations

Title 402 WACs

WAC 173-220 NPDES Permits

WAC 173-216 State Waste
Discharge Permits

WAC 173-240 Submission of Plans
& Reports for Construction of
Wastewater Facilities

WAC 173-580 Reaeration of Water

WAC 173-500 Water Resources
Management Program

WAC 248-56 Water System Coordina-
tion Act - Procedural
Regulations

WAC 173-218 Underground Injection
Control Protram

WAC 173-160 Minimum Standards for
Construction and Maintenance

WAC 173-301 Minimum Functional
Standards






APPENDIX 1V
STATE OF WASHINGTON
GROUND WATER QUALITY MANAGEMENT STRATEGY

Summary

For three years the State of Washington has worked on a Ground Water Quality
Management Strategy to protect ground water resources The state Legislature has sup-
ported the effort by enacting recent laws directing local governments to include ground
water protection measures in their comprehensive plans. In 1984 a Citizens Ground
Wetx_ter Task Force began to define the strategy's goals and to develop recommended
actions.

Goal of Ground Water Management Strategy

Based on the Task Force conclusions, public comment, and study by the Department of
Ecology, the State of Washington has defined the goal of Ground water Quality
Management: To maintain high guality for all waters of the state, allowing no reduction’
in water quality, except in overriding consideration of public interest. No reduction would
be allowed to affect adversely the ability to use that water for its intended beneficial

uses.

Ground Water in Washington State

Three quarters of the state's population relies on ground water for drinking. Washington
residents use ground water for agriculture, fish propagation, hydropower, industry, and to
replenish surface water. In many areas of the state, almost all the surface water is
already being used, so ground water will become an increasingly important resource.

Extent of Ground Water Contamination

The general quality of Washington's ground water is good;, however there are increasing
instances of localized contamination:

- In 30 of 39 counties, there has been documented contamination of public water
supplies with chlorides and nitrates.

- In 27 ot 39 counties, there has been documented contamination of ground water with
heavy metals, petroleum products, and synthetic organic chemicals.

There are currently 638 known or suspected hazardous waste sites in Washington.
Ground water contamination has been documented at 12 percent of those sites, with
drinking water contamination observed at nearly 5 percent. There is a potential for con-
tamination of drinking water supplies at nearly one-fourth of the remaining sites,

Federal and State Laws

While there are many federal and state laws on water quality and ground water, there is
no comprehensive approach. The strategy gives a listing of laws relating to ground
water. It points out the most recent Washington State laws which focus on local govern-

ments action and responsibility.

Current Ground Water Quality Management Activities In Washington

The strategy lists many planning and study efforts in the state, including geohydrologic
studies, computerized data management systems, a management plan for the Spokane
Valley Aquifer and other comprehensive plans by local governments.

Current monitoring efforts include USGS observation wells, the DSHS drinking water
program, and compliance monitoring of waste facilities

Other activities include data management, control of pollution sources, technical asistance
and training, and financial assistance.



RECOMMENDED ACTIONS

DEVELOP AND ADOPT STATEWIDE STANDARDS.-FOR GROUND WATER QUALITY AND A
MEANS OF MEASURING COMPLIANCE

The Department of Ecology should develop and adopt statewide standards
for ground water quality based on current and future beneficial uses and
on variable levels of protection. Geology, recharge, and other ground
water characteristics should be considered. The initial efforts should
focus on drinking water aquifers and drinking water criteria.

DEVELOP STATEWIDE TECHNOLOGY BASED STANDARDS

The state should establish known, available, and reasonable methods of
treatment for activities which have a potential to pollute the waters of
the state.

THE STATE SHOULD ESTABLISH ENFORCEABLE CONTROL MECHANISMS TO ACHIEVE
WATER QUALITY GOALS

The Department of Ecology should establish rigorous and enforceable waste
discharge permit requirements. The state should strengthen enforcement
against noncomplying dischargers. Regulatory agencies should provide
more thorough and responsive review of plans and reports. Local govern-
ment should place greater emphasis on ground water quality planning,
management, and protection -- including innovative approaches.

DEVELOP NECESSARY PROGRAM SUPPORT AND EVALUATION

Ecology, in cooperation with USGS, should continue--and strengthen--
planning efforts in conducting basic ground water studies. State and
local governments need to evaluate and revise existing programs to
achieve water quality goals. '

The state--with Ecology as lead--should develop a comprehensive water
quality monitoring and data management program.

Ecology and other state and local agencies should identify and deVéIOp
funding sources for the ground water program. Ecology should establish
appropriate program coordination.

PROVIDE TECHNICAL ASSISTANCE AND TRAINING

Increased technical training should be provided for staff at Ecology,
DSHS, and local government--public health, planning, and public works.



