Characterization of the Area
The following discussion describes the area as it currently exists. The information relates in
some instances to Yakima County generally and in others to the LYVGWMA in particular. Caution
should be exercised to notice the particular area under discussion as various information is
presented. Investigations and analysis pursued during the process of the LYVGWMA are presented
in a later section of this Program.

Boundary of the Groundwater Management Area
The Lower Yakima Valley Groundwater Management Area (or LYV GWMA) is located
within the Lower Yakima Valley, south of Union Gap, northeast of the Yakima River and west of
the Yakima-Benton County line. It lies in the southeastern portion of the Lower Yakima Valley. Its
total area is 175,161 acres. The western boundary abuts the Toppenish Basin. The southern
boundary is bordered by the Horse Heaven Hills. The northeastern boundary generally follows the
northern flank of the Cold Creek Syncline.
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The Groundwater Management Area addressed in this program is essentially the same as the
Western and Eastern Study Areas as identified within the 2010 Preliminary Assessment. 1 It includes
the non-reservation lands along the northeastern side of the Yakima River south of Union Gap and
the southeast Yakima Valley downstream of the confluence of the Satus and Yakima Rivers.
Approximately 60 percent of the valley population resides in this area.

The Groundwater

Management Area includes the incorporated communities of Zillah, Sunnyside, Granger,
Grandview, and Mabton and the rural settlements of Buena and Outlook.
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The Preliminary Assessment had subdivided the study area in order to reflect geographic,
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to divisions reflected in the historical
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water quality data set.2
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Lower Yakima Valley Groundwater Quality, Preliminary Assessment and Recommendations Document,
Washington State Department of Agriculture, Washington State Department of Ecology, Washington State
Department of Health, Yakima County Department of Public Works, U.S. Environmental Protection Agency,
Ecology Publication No. 10-10-009, February 2010. (See Appendix A. for Administrative Background.)
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These two subareas roughly mirror the areas designated as upper and lower study areas in the 2002 Valley Institute
for Research and Education groundwater study, and correspond to the Toppenish and Benton basins referenced in
other studies. Both areas cover approximately 368,600 acres within Yakima County.
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The Yakama Nation3 elected not to participate in the deliberation of the Lower Yakima
Valley Groundwater Advisory Committee, choosing to address nitrate levels independently, under
the oversight of the Environmental Protection Agency.
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exception of land within the municipalities of Zillah, Granger, Sunnyside, Grandview, and Mabton.
While properties owned by the United States exist within the GWMA, they do not present relevant
issue areas that relate to the nitrate problem addressed by this Program.
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Confederated Tribes and Bands of the Yakama Nation (Yakama Nation). The Yakama Indian Reservation, lies
along the southwest side of the Yakima River and extends beyond Yakima County boundaries into the northern edge
of Klickitat County and Southeastern corner of Lewis County. It covers an area of approximately 1.3 million acres.
The Yakama Nation has nearly 9,000 enrolled members from 14 bands and tribes.
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General Land Description
The Yakima River Basin
The Yakima River Basin is located in south-central Washington and includes three
Washington State Water Resource Inventory Areas (WRIA—numbers 37, 38, and 39), part of the
Yakama Nation lands, and three eco-regions (Cascades, Eastern Cascades, and Columbia Basin), and
touches parts of four counties: Klickitat, Kittitas, Yakima, and Benton (USGS 2006). Almost all of
Yakima County and more than 80 percent of Kittitas County lie within the basin. About 50 percent
of Benton County is in the basin. Less than one percent of the basin lies in Klickitat County,
principally in an unpopulated upland area.

Within the Yakima Basin, there are six structural

sedimentary basins. The delineated sedimentary basins are from north to south, the Roslyn, Kittitas,
Selah-Wenas, Yakima (Ahtanum-Moxee), Toppenish, and Benton Sedimentary Basins. All are clearly
defined by the geologic structure in the Yakima River Basin. The LYVGWMA includes only parts
of the Toppenish and Benton Sedimentary Basins.
The Toppenish Sedimentary Basin is fully contained within Yakima County. It is bordered
on the north by the Ahtanum Ridge, on the south by the Toppenish Ridge, and bisected by the
Wapato Syncline. The eastern boundary of this basin abuts the Benton Sedimentary Basin. Only the
southeastern corner of the Toppenish Sedimentary Basin, northeast of the Yakima River, is included
in the LYVGWMA boundaries.
The Benton Sedimentary Basin is bordered on the south by the Horse Heaven Hills
structure. The northeast boundary generally follows the northern flank of the Cold Creek Syncline.
The western boundary abuts the eastern boundary of the Toppenish Sedimentary Basin and a small
section of the Yakima Sedimentary Basin. The basin is dissected with numerous faults and folds
surrounding the Rattlesnake Hills structure in its eastern part. The western part is dissected by the
Wapato Syncline and several unnamed folds that lie within the broad flat plain that encompasses the
Yakima River floodplain. Only the western portion of the Benton Sedimentary Basin, approximately
a third, is in the LYVGWMA boundaries.
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Geology
The Columbia Plateau has been informally divided into three physiographic subprovinces
(Meyers and Price, 1979; USGS. 2009a). The western margin of the Columbia Plateau contains the
Yakima Fold Belt subprovince.
The Yakima Fold Belt
The LYVGWMA lies within the Yakima River Basin within the Yakima Fold Belt. The Fold
Belt is a highly folded and faulted region underlain by various consolidated rocks ranging in age
from the Precambrian Supereon to the Cenezoic Era’s Miocene Epoch, and unconsolidated
materials and volcanic rocks of the Quaternary Period’s Pleistocene Epoch. Dominant geologic
structures in the Yakima Fold Belt in the western part of the Columbia Plateau are long, narrow,
east-west to east-southeasterly trending anticlinal ridges with intervening broad synclinal basins.
The folding that created the anticlines and synclines within the Yakima region are the
consequence of tectonic compression (McCaffrey et al 2016), initially of the sedimentary rocks now
underlying the Columbia River Basalt Group, from south of the Fold Belt region (the anticline’s
slopes are steeper on the north side) which probably began during the latter part of the Cenezoic
Era during the Pliocene Epoch. The Ellensburg sedimentary material was still accumulating during
this time. Earlier explanations suggested that the folding was likely related to the Cascade uplift and
subsidence of the center of the lava body approaching from the southeast. (Foxworthy 1962). The
folding proceeded slowly enough so that the Yakima River could continue to erode its channel
(Union Gap) as the Ahtanum Ridge anticline rose. (Foxworthy 1962) The Ahtanum Ridge and the
Rattlesnake Hills are the same anticline. (Alt/Hyndman, 2007). The Toppenish Ridge is another
anticline, forming the southern boundary of the Toppenish Basin.
As the folding continued, the sedimentary material previously deposited on the parts of the
plain that became the anticlinal ridges was eroded off and carried down into the centers of the
synclinal basins. This process accounts in part for the great thickness of the Ellensburg formation.
(USGS 1962).
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FIGURE 5 – GEOLOGY

Basalt
The Yakima Basalt formation is several thousand feet thick, interbedded with a few minor
sedimentary strata. It overlays the basal rock unit, or bedrock, of the Yakima region. It is a portion
of the Columbia Basin Basalt Group. The CRBG covers an area of more than 59,000 square miles
(Tolan et al. 1989) and spanning parts of Washington, Oregon, and Idaho. It is subdivided into
three primary units, or formations, designated the Saddle Mountains Basalt, the Wanapum Basalt,
and the Grande Ronde Basalt (GSI 2009a, 2011d). The Saddle Mountains Basalt is often exposed at
the surface. Its thicknesses range from 180 to 800 feet and averages more than 500 feet in the
Yakima Basin. The Wanapum Basalt can be over 800 feet thick. The Grande Ronde Basalt
underlies the Wanapum Basalt. These formations are further subdivided into several dozen members
and hundreds of flows. The Yakima Basalt formation includes these three primary units and their
subunits within the Yakima Basin.
The uppermost basalt, the Saddle Mountains Basalt, is often visible at the bounding upland
ridges of the Toppenish Basin such as the Rattlesnake Mountains, Ahtanum Ridge, Toppenish Ridge,
and Horse Heaven Hills. It is made up of the Umatilla Member flows, the Wilbur Creek Member
flows, the Asotin Member flows (13 million years ago), the Weissenfels Ridge Member flows, the
Esquatzel Member flows, the Elephant Mountain Member flows (10.5 million years ago), the Bujford
Member flows, the Ice Harbor Member flows (8.5 million years ago) and the Lower Monumental
Member flows (6 million years ago). The underlying Wanapum Unit averages 600 feet thick. These
units are separated by the Mabton Interbed, with an average thickness of 70 feet. (EPA 2012).
Basalt is a dense rock, having a fine texture precluding identification of crystals without
magnification. Basalt is resistant to erosion and weathering and is a notable cliff-forming rock.
Fresh, unweathered surfaces are black or dark gray; weathered surfaces range in color from gray to
reddish brown. Basalt consists principally of small crystals of calcic labradorite, pyroxene, and
olivine in a dense matrix of sodic labradorite, augite, and volcanic glass. Magnetite and apatite are
common accessory minerals. Calcite, siderite, zeolites, opal, and chalcedony are common in veins
and vesicles in the basalt. (USGS, 1962).
At the end of the Miocene Epoch, approximately 5.3 million years ago, an extended plain of
basaltic lava covered most of eastern Washington (USGS 1962; USGS 2009a). The basaltic lava
flows were extruded from fissures located in the eastern part of the Columbia Plateau (USGS 1962),
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most likely in the vicinity of Hells Canyon, Oregon. The extrusions of basaltic lava probably
continued intermittently into the Pliocene Epoch (5.3-2.6 million years ago), covering sedimentary
deposits, forming new basins of deposition, and changing stream courses. (USGS 1962). This
volcanic flow is called the Columbia Basin Basalt Group, of which the Yakima Basalt is a portion.
The Yakima Basalt is that thick sequence of basaltic lava flows underlying southeastern Washington
and extending into Oregon and Idaho. (USGS 1962). The individual flows range in thickness from a
few feet to more than 100 ft. The total basalt thickness in the central part of the plateau is estimated
to be greater than 10,000 ft (USGS 1990) and the maximum thickness in the Yakima River basin is
more than 8,000 ft. (USGS 1962).
Extrusions and flows of volcanic material now within the Yakima Basalt formation occurred
intermittently over millions of years. Individual flow layers range from less than 20 to more than
200 feet in thickness. Individual flows may differ considerably in thickness from place to place.
(USGS 1962). Enough time elapsed between extrusions to allow considerable weathering of the
uppermost frothy surfaces of lava flows and to allow development of thin soil zones which were
later buried by subsequent flows. (USGS 1962). Bubbles of gases emitted from the solidifying
molten lava created zones of abundant gas cavities (vesicles). The vesicles are sometimes filled with
secondary minerals deposited by water percolating through the rocks. The vesicles are separated
from each other by the encasing solid rock, except where they have been fractured or deeply
weathered. (USGS 1962). Natural gas was extracted from beneath the LYVGWMA between 1929
and 1941. (Alt/Hindman 2007).
The Ellensburg Formation
The Yakima Basalt is overlain in many places by the Ellensburg Formation.
At the west side of the basaltic lava plain, approximately where the present Cascade
Mountains now stand, there was a region of more intense volcanic activity before the period of
basaltic lava extrusion ended. This volcanic activity was at an elevation somewhat higher than the
lava plain but probably lower than the present Cascades. The volcanic debris creates by this
volcanic activity in those ancestral Cascade Mountains was the source of the sedimentary materials
which were subsequently deposited upon the lava plain, either transported by eastward flowing
streams, in lakes, or aeolian processes moving ash and pumice, that together constitute the
Ellensburg Formation. (USGS 1962) The majority of the volcanic materials created by the volcanic
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activity was deposited upon the lava plain after these flows ceased and the Cascades continued to
rise. (USGS 1962; USGS 1999a).
The Ellensburg Formation in consists of 85 to 95 percent semiconsolidated clay, silt, and
sand and only 5 to 15 percent gravel and conglomerate. It often appears as sedimentary interbeds
found between the various Yakima Basalt formations, members, and flow units. These interbeds
vary in nature and composition, typically ranging between 1 and 100 feet thick..The color is
predominantly gray, tan, and buff, although there are a few relatively thin rusty-brown sand and
gravel strata. The clay and silt parts are massive at most places, but excellent bedding and shaly
parting also are found. Some sand and gravel strata are crossbedded. The thickness of the individual
beds ranges from a few feet to more than 100 feet; strata of clay, silt, and fine sand usually are
somewhat thicker than strata of the coarser materials. (USGS 1962) More than 1000 ft of coursegrained volcanclastic sediment has accumulated over many parts of the Yakima River Basin.”
(USGS 1999a).
The Ellensburg formation is mostly tough and hard, although some sand and gravel strata
are weakly cemented. The silt and sand are composed chiefly of pumice, volcanic ash, quartz, and
scattered feldspar and hornblende particles. Clay-size particles consist mostly of finely divided
pumice and ash. The gravel contains large amounts of tuff and a distinctive purple or gray
tuffaceous hornblende andesite. Cementing material is mostly argillaceous (containing clay). Minor
amounts of diorite, quartzite, and various granitic and metamorphic rock types also are found locally
in the gravel; basaltic fragments are rare. (USGS 1962).
Lower Yakima Valley Fill
A variety of fine and coarse grained sediments including and overlying the Ellensburg
Formation and the underlying major basalt flows also exists within the Toppenish Basin. (EPA
2012). These sediments pinch out along the flanks of the ridges. They include Touchet Beds, loess,
thick alluvial sands and gravels deposited by rivers and streams, including those within the
Ellensburg Formation, and other unconsolidated and weakly consolidated valley-fill comprising
glacial, glacio-fluvial, lacustrine, and alluvium deposits resulting from catastrophic glacial outburst
floods that inundated the lower Yakima River Basin. (USGS 1999a) (EPA 2012) (USGS 2009a)
(USGS 1990) (USGS 1962).
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About 16,000 years ago these glacial outburst floods created “Lake Lewis,” in what is today
the lower Yakima Valley and the LYVGWMA, when the restricted flow of waters from periodic
cataclysmic floods from Glacial Lake Missoula, pluvial Lake Bonneville, and perhaps from subglacial
outbursts, backed up through the constriction formed by the Wallula Gap in the Horse Heaven
Hills. Water also backed up further downstream on the Columbia River between Washington and
Oregon, delaying the drainage of Lake Lewis. The water remained for iterative undefined periods
before the flood waters drained through Wallula Gap, permitted surfacious loess and basalt materials
collected in the floods’ transit southeast from the Spokane area to settle out to the lake’s bottom,
thus forming at least some of the fine grained gravelly and sandy materials extant today on the valley
bottom of the Yakima River within the LYVGWMA.

Lake Lewis intermittently reached an

elevation of about 1,200 feet (370 m) above today's sea level before draining to the Columbia
through Wallula Gap. (Bjornstad, 2006) (Alt, 2001) (Carson/Pogue, 1996).
Hydrogeology
The geologic framework and some of its hydrogeologic units of the Columbia Plateau
regional aquifer system was described by Drost and others. (USGS 1990) The aquifer system
consists of a large thickness of basalt made of numerous flows with minor interbedded sediments.
(USGS 1990) The principal water bearing zones in the basalt sequence are those upper parts of
certain flows rendered relatively permeable by weathering, jointing, and vesicularity. (USGS 1962)
The lithology, or general physical character, of the materials, within the hydrogeologic units
of the LYVGWMA was described by USGS in its 2009 report. (USGS 2009a). The five units
described have various consolidated or unconsolidated structure. The unconsolidated units include
alluvial, alluvial fan, terrace, glacial, loess, lacustrine, and flood (Touchet Beds) deposits that range
from coarse-grained gravels to fine-grained clays, with some cemented gravel (Thorp gravel and
similar unnamed gravels). Most of the unconsolidated units consist of coarse-grained deposits. The
consolidated units are principally deposits of the Ellensburg Formation, but also include some
undifferentiated continental sedimentary deposits. These units include continental sandstone, shale,
siltstone, mudstone, claystone, clay, and lenses or layers of uncemented and weakly to strongly
cemented gravel and sand (conglomerate). These clastic deposits are one of the most
stratigraphically complex parts of the aquifer system. (USGS 2009a).
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Table 1 - Hydrogeologic Units (after USGS 2009a)

Structural Basin
Name
Toppenish Basin

Mapped
Area

Unit

LYVGWMA Hydrogeologic Units
Lithology

1 (fine grained Touchet Beds, terrace, loess, and some
440 consolidated)
alluvial deposits
2 (coarse
grained
unconsolidated) Coarse-grained sand and gravel deposits
Consolidated deposits of the upper
Ellensburg Formation and undefined
3 (consolidated) continental sedimentary deposits
4 (fine grained Top of Rattlesnake Ridge unit of the
deposits)
Ellensburg Formation or "Blue Clay unit"
5 (coarse
grained
Base of Rattlesnake Ridge unit of the
deposits)
Ellensburg Formation

Range

Thickness
Average Median

0 to 80

10

10

0 to 270

90

80

0 to 970

350

320

0 to 520

170

140

0 to 140

20

20

Bedrock units underlie the hydrogeologic units.(USGS 2009a) As bedrock units likely hold
little or no groundwater to be taken up by wells for domestic water supply, they are not discussed
here.
Figure 6, derived from the USGS’’ 2009 report shows the surficial hydrogeologic units
within the LYVGWMA.
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FIGURE 6 SURFICIAL HYDROGEOLOCIC UNITS

Aquifers
In 2009, the United States Geological Survey published its study of the geology, hydrology
and hydrogeology of aquifers in the Yakima River Basin. The study found that there are two main
aquifer types in the LYVGWMA. The first is a surficial unconfined to semi-confined alluvial aquifer.
This aquifer is composed of highly layered alluvial material with predominantly silt, sand and cobbles
and, according to USGS, has a total thickness of up to 500 feet.
The second aquifer is an extensive basalt aquifer of great thickness underlying the surficial
aquifer described above. The basalt aquifer is believed by the USGS to be semi-isolated from the
surficial aquifer and stream systems. Natural groundwater flow within the shallower, surficial aquifer
generally follows topography, but may be locally influenced by irrigation practices, ponds, lagoons,
drains, ditches, and canals. Groundwater in this shallower aquifer generally flows to the south,
down the valley, and is used locally for residential water supply and eventually feeds the Yakima
River.
An aquifer is rock material that is sufficiently saturated to be capable of transmitting and
yielding appreciable amounts of water. Ground water occurs in the interstices in rock materials, in
the spaces not occupied by solid material. The ability of soil or rock to transmit water is determined
by the abundance, character, and degree of interconnection of those spaces.
Natural rock materials differ greatly in porosity. Porosity is a measure of the ability of the
rock to contain water. It is the ratio of the volume of its interstices to its total volume. The porosity
of some consolidated rocks, such as tightly cemented sandstone or massive lava flows, is only a few
percent or even a fraction of a percent. The porosity of some clays may exceed 50 percent. In
unconsolidated rocks, the well-sorted materials, such as clay or clean even-textured sand or gravel,
have very high porosity. Poorly sorted materials, in which the smaller particles fill the openings
between the larger grains, have low porosity.
Both “confined” and “unconfined” aquifers are known to exist within the LYVGWMA. A
“confined aquifer” is one in which water has become confined between relatively impermeable
materials due to the weight of the water in an unconfined part of the aquifer. Water in confined
aquifers will rise higher in a well than the bottom of the overlying confining bed. Such wells are
called “artesian.” The level to which water will theoretically rise in an artesian well is called the
piezometric surface.
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An “unconfined aquifer” (or “water table aquifer”) is one where the upper surface of the
water in the rock mass is free to find a relatively even level. This level is called the “water table.”
The water table is the upper surface of an unconfined aquifer. The level at which water stands in a
well penetrating an unconfined zone of saturation represents the water table at that place.
Aquifer dynamics are generally described in terms of amounts of water entering and exiting
the aquifer. “Recharge” is the natural replenishment of an aquifer’s water volume by downward
seepage from the surface (rainfall, snowmelt, infiltration from lakes, wetlands and streams, or
irrigation), or groundwater moving from other underground sources. Water exiting the aquifer
(water seeping from the ground (spring) or departing the aquifer into surface water (wetland, stream,
lake, estuary, ocean) or the atmosphere) is “discharge”. The water table fluctuates chiefly in response
to variations in recharge to, and discharge from, the ground-water body. Natural recharge may occur
because of precipitation. Artificial recharge may occur through irrigation. Surface water streams or
irrigation canals that cross permeable zones may recharge the aquifers beneath. Surface water
streams or rivers that flow at an elevation below the water table discharge water from the aquifer.
Both the piezometric surface of a confined aquifer and the water table of an unconfined
aquifer are usually sloping, irregular, fluctuating surfaces. They are higher in areas of ground-water
recharge and lower in areas of discharge and affected by differences in permeability within the
aquifer.

The slope of either surface is called the “hydraulic gradient.” The slope adjusts

automatically to the velocity of the moving water and the permeability of the rock. It is highest in
areas of recharge, where water is added to the aquifer, and slopes downward to areas of discharge,
where water leaves, or is removed from, the aquifer.
The water table has irregularities that are generally comparable with the configuration of the
land surface, although more subdued. Additional irregularities are caused by local differences in the
permeability of the rock materials and by local differences in ground-water discharge and recharge.
Rocks of low permeability require a steeper gradient than more permeable rocks to transmit water at
a given rate.
An aquifer is “perched” if it is held above an unsaturated zone by a relatively impermeable
rock stratum.
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Figure 7, derived from USGS’ 2009 study (USGS 2009a), shows the location of known
springs within the Toppenish Basin. Figure 8, derived from the same study, shows the mean annual
recharge of the surficial aquifers within the LYVGWMA.
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F IGURE 10 - Y AKIMA COUNTY ZONING WITHIN GWMAFIGURE 11 - DEPTH TO G ROUNDWATER

F IGURE 7 – SPRINGS WITHIN THE TOPPENISH BASIN
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F IGURE 8 – MEAN A NNUAL RECHARGE WITHIN THE LVYGWMA

Amount and Direction of Groundwater Flow
The volume and velocity of groundwater flow is measured in hydraulic conductivity, the
measure of a material’s ability to transmit water laterally. It is expressed in units of cubic feet per
square feet per day—simplified to feet per day (ft/d). Values of hydraulic conductivity can be
estimated from specific-capacity data reported on drillers’ logs, or determined from aquifer tests or
groundwater flow modeling.
The movement of water into, within, or out of an aquifer is typically called “groundwater
flow.” Within the aquifer ground water flows through the ground from where it is recharged to
where it is discharged. Groundwater flow is generally measured in “groundwater travel time.”
Groundwater travel time is usually measured in feet per day. The pace of flow is influenced by the
“hydraulic conductivity” of the geologic matrix that composes the aquifer. The higher the hydraulic
conductivity, the faster the flow. The direction of groundwater flow is determined by “gradients.”
The “gradient” is the difference in elevation between two locations of the water table or the
differences in pressure between locations in a confined aquifer. The direction of groundwater flow
is from the higher elevation or pressure to the lower elevation or pressure. The higher the gradient,
the variance between the two, the faster the flow.
Table 2 - Porosity, Specific Yield, Hydraulic Conductivity
Representative values of porosity, specific yield and
hydraulic conductivity for selected geologic materials
Specific Hydraulic
Yield
Conductivity
Material
Porosity
m3/sec
% by volume
Clay
Sand
Gravel
Sand and Gravel
Sandstone
Shale

40-70
25-50
25-40
20-35
5-30
1-30

1-10
10-30
15-30
15-25
5-15
.5-5

0-000094
0.005-0.14
0.05-0.71
0.009-0.24
0.000005-0.002
0-0.000005

Unconfined (water-table) aquifers flow generally in accordance with the topography towards
rivers, streams, lakes, and springs. The direction of groundwater flow in unconfined aquifers is
normally perpendicular to groundwater contours premised upon measured or hypothetical water
table levels. Groundwater in confined aquifers flows from the direction of the highest pressure to
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the lowest pressure. Ground water moves primarily in response to gravity, taking into account the
resistance imposed by physical obstruction or pressure gradient. The USGS uses the normal
approach with respect to surficial groundwater flow and has drawn its best judgment of the direction
of that groundwater flow within the LYVGWMA. See Figure 16.
Other factors may be relevant in determining groundwater flow direction within the area.
The EPA, for example, suggests a “pattern” involving deeper basaltic layers that may convey waters
across local flow divides to more regionally significant discharge locations such as the Columbia
River. “This pattern produces a major flow direction from northwest to southeast as water moves
down the valley parallel to the course of the Yakima River.” (EPA 2012) The EPA acknowledges
that flow at shallower depth in the uppermost sediments tends to be “toward the Yakima River” and
that direction may bemodified by geologic structures and irrigation practices, drains, ditches, canals
and other hydrologic features. (EPA 2012).
Because the pieziometric surface or water table of confined and unconfined aquifers,
respectively, are variable, it is difficult to determine with certainty the depth of either from the
ground surface. The USGS has, however, established groundwater level contours that can be used
to compare against ground surface contours. Figure 9, derived from USGS’ 2009 report (USGS
2009a), shows groundwater level contours. Figure 10 shows ground surface contours (topography)
(in meters). Figure 11, derived from determining the distance between the two contours, shows
depth to groundwater.
The ground surface material above the aquifer is called the “vadose zone.” The vadose zone
is the vertical depth between ground surface and an aquifer. It consists of unsaturated earthen
materials. Depth to water is the distance between the ground surface and the water table or
pieziometric surface through the vadose zone. The deeper the water table and less permeable the
vadose zone, the longer the travel time from the surface to the aquifer. Earthen materials within the
vadose zone have different degrees of “permeability.” Permeability is a measurement of the rate of
infiltration in inches of water per hour. Infiltration rate is a measure of how fast water and
pollutants can move downwards through the earthen materials of the vadose zone. The more
permeable ground is, the faster water moves down through it. Coarse sands and gravels are more
permeable and allow water to pass through much more quickly than fine silts, clays or glacial till
which are less permeable.
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F IGURE 14 - Y AKIMA COUNTY ZONING WITHIN GWMAFIGURE 15 - DEPTH TO G ROUNDWATER

F IGURE 9 – G ROUNDWATER LEVEL CONTOURS E STABLISHED BY USGS WITHIN THE LYVGWMA
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Topography
The topographical surface of the groundwater management area is undulating hillside
running down (from an elevation of approximately 400 meters (1312 feet) above sea level) to the
valley floor and river floodplain (at an elevation of approximately 230 meters (755 feet) above sea
level). The topographical map on the next page illustrates essentially parallel elevation contours
(denominated in meters)—evidence of a gradual descent from north-northeast along the Rattlesnake
Ridge to south-southwest along the Yakima River.
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F IGURE 10 – G ROUND SURFACE CONTOURS (TOPOGRAPHY ) WITHIN THE LYVGMA

Depth to Groundwater
Groundwater levels are very shallow (0-15 feet) in the valley bottom and in several areas
northeast of Granger, north and southeast of Sunnyside, surrounding Grandview and southeast of
Mabton. They are marginally deeper (15-25 feet) in adjacent lands running east-southeastward from
north of Granger past areas north of Sunnyside to Grandview and in the areas surrounding Mabton.
Groundwater levels are deeper (25-100 feet) roughly in the areas between the SVID and RID
irrigation canals. They become much deeper (100- 1000 feet) in areas above the RID irrigation
canal.
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F IGURE 11 – C ALCULATED DEPTH TO G ROUNDWATER WITHIN THE LYVGMA

Water movement can also be influenced by “chemical retardation” or “adsorption.”
Chemical retardation is a measurement of how clays and organic matter react with some chemicals
to slow their passage or change them chemically. “ Adsorption” is a measurement of the tendency
of ions dissolved in water to stick to particles of silt or clay. Particle size and the amount of organic
matter affect adsorption. A sand with no organic matter may not adsorb at all, while an organic silt
or clay may adsorb well.
Based on the configuration of groundwater surface contours (see Figure 9), USGS
determined the direction of groundwater flow. Figure 12, derived from USGS 2009 report (USGS
2009a) shows direction of groundwater flow within the LYVGWMA.
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F IGURE 14 – USGS MAP SHOWING DEPTH OF A LL WELLS IN Y AKIMA B ASIN FIGURE 13 – G ROUNDWATER FLOW DIRECTIONS

F IGURE 12 – DIRECTION OF G ROUNDWATER FLOW WITHIN THE LYVGWMA

Soil Types
There are 89 soil types within the GWMA. They differ based on constituency of materials
(coarse to very fine sands, loams, clay), values of porosity, specific yield, hydraulic conductivity and
infiltration rate. Hydraulic conductivity and infiltration rate are calculated presuming complete
saturation of the soil material.
Predominant soil types within the GWMA are Scoon silt loam and Burk silt loam (ground
surface roughly above 300 meters (1000 ft.) above sea level), Warden fine sandy loam interlineated
generally northeast to southwest with Harwood-Burke-Wiehl very stony silt loams and Esquatzel silt
loam (ground surface roughly between 300 meters (1000 ft) and 250 meters (800 ft) above sea level),
and Esquatzel silt loam, Quincy loamy fine sand, Wanser loamy find sand, Warden fine sandy loam
and Warden silt loam (roughly within the valley bottom between 250 meters (800 ft.) and 200 meters
(650 ft.) above sea level). The infiltration rate of each of these primary soil types are presented in
Table 3 below. The rates set forth in the table presume full soil saturation. Because soils in the
vadose (unsaturated) zone within the LYVGWMA are only intermittently wetted, by irrigation or
precipitation, the rates set forth must be variously reduced for those soils.
Table 3 – Primary Soil Types Infiltration Rates
Infiltration Rates of Primary Soil Types
Soil type
Esquatzel silt loam, 0 to 2 percent slopes
Burke silt loam, 2 to 5 percent slopes
Harwood-Burke-Wiehl very stony silt loams, 15 to 30 percent slopes
Quincy loamy fine sand, 0 to 10 percent slopes
Scoon silt loam, 15 to 30 percent slopes
Wanser loamy fine sand
Warden fine sandy loam, 5 to 8 percent slopes
Warden silt loam, 0 to 2 percent slopes
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Gallons/
ft2/day
0.45
0.45
0.45
0.60
0.45
0.60
0.60
0.45
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F IGURE 17 - SOIL TYPES

F IGURE 16 - SOIL TYPES

Table 4 – List of All Soil Types within the LYVGWMA
Soils

Ritzville silt loam, 8 to 15 percent slopes
Bakeoven very cobbly silt loam, 0 to 30 percent slopes

Ritzville silt loam, basalt substratum, 15 to 30 percent slopes

Burke silt loam, 2 to 5 percent slopes

Ritzville silt loam, basalt substratum, 5 to 15 percent slopes

Burke silt loam, 5 to 8 percent slopes

Scoon silt loam, 15 to 30 percent slopes

Burke silt loam, 8 to 15 percent slopes

Scoon silt loam, 2 to 5 percent slopes

Cleman very fine sandy loam, 0 to 2 percent slopes

Scoon silt loam, 5 to 8 percent slopes

Cleman very fine sandy loam, 2 to 5 percent slopes

Scoon silt loam, 8 to 15 percent slopes

Dam

Scooteney cobbly silt loam, 0 to 5 percent slopes

Esquatzel silt loam, 0 to 2 percent slopes

Scooteney silt loam, 0 to 2 percent slopes

Esquatzel silt loam, 2 to 5 percent slopes

Scooteney silt loam, 2 to 5 percent slopes

Fiander silt loam

Scooteney silt loam, 5 to 15 percent slopes

Finley cobbly fine sandy loam, 0 to 5 percent slopes

Shano silt loam, 15 to 30 percent slopes

Finley silt loam, 0 to 2 percent slopes

Shano silt loam, 2 to 5 percent slopes

Finley silt loam, 2 to 5 percent slopes

Shano silt loam, 5 to 8 percent slopes

Finley silt loam, 5 to 8 percent slopes

Shano silt loam, 8 to 15 percent slopes

Finley silt loam, 8 to 15 percent slopes

Sinloc fine sandy loam, 0 to 2 percent slopes

Gorst loam, 2 to 15 percent slopes

Sinloc silt loam, 0 to 2 percent slopes

Harwood-Burke-Wiehl silt loams, 15 to 30 percent slopes

Sinloc silt loam, 2 to 5 percent slopes

Harwood-Burke-Wiehl silt loams, 2 to 5 percent slopes

Sinloc silt loam, 5 to 8 percent slopes

Harwood-Burke-Wiehl silt loams, 30 to 60 percent slopes

Starbuck silt loam, 2 to 15 percent slopes

Harwood-Burke-Wiehl silt loams, 5 to 8 percent slopes

Starbuck-Rock outcrop complex, 0 to 45 percent slopes

Harwood-Burke-Wiehl silt loams, 8 to 15 percent slopes

Starbuck-Rock outcrop complex, 45 to 60 percent slopes

Harwood-Burke-Wiehl very stony silt loams, 15 to 30 percent slopes

Umapine silt loam, drained, 0 to 2 percent slopes

Hezel loamy fine sand, 0 to 2 percent slopes

Umapine silt loam, drained, 2 to 5 percent slopes

Hezel loamy fine sand, 2 to 15 percent slopes

Wanser loamy fine sand

Kiona stony silt loam, 15 to 45 percent slopes

Warden fine sandy loam, 0 to 2 percent slopes

Kittitas silt loam

Warden fine sandy loam, 2 to 5 percent slopes

Lickskillet very stony silt loam, 5 to 45 percent slopes

Warden fine sandy loam, 5 to 8 percent slopes

Logy silt loam, 0 to 2 percent slopes

Warden fine sandy loam, 8 to 15 percent slopes

McDaniel-Rock Creek complex, 5 to 30 percent slopes

Warden silt loam, 0 to 2 percent slopes

Mikkalo silt loam, 0 to 5 percent slopes

Warden silt loam, 15 to 30 percent slopes

Mikkalo silt loam, 15 to 30 percent slopes

Warden silt loam, 2 to 5 percent slopes

Mikkalo silt loam, 5 to 15 percent slopes

Warden silt loam, 5 to 8 percent slopes

Moxee cobbly silt loam, 0 to 30 percent slopes

Warden silt loam, 8 to 15 percent slopes

Moxee silt loam, 15 to 30 percent slopes

Water

Moxee silt loam, 2 to 15 percent slopes

Weirman fine sandy loam

Outlook fine sandy loam

Weirman gravelly fine sandy loam

Outlook silt loam

Weirman sandy loam, channeled

Pits

Willis fine sandy loam, 2 to 5 percent slopes

Prosser silt loam, 0 to 15 percent slopes

Willis silt loam, 2 to 5 percent slopes

Quincy loamy fine sand, 0 to 10 percent slopes

Willis silt loam, 8 to 15 percent slopes

Ritzville silt loam, 15 to 30 percent slopes

Yakima silt loam

Ritzville silt loam, 2 to 5 percent slopes

Zillah sandy loam

Ritzville silt loam, 30 to 60 percent slopes

Zillah silt loam
Zillah silt loam, channeled

Ritzville silt loam, 5 to 8 percent slopes
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All of the 89 soil types within the LYVGWMA illustrated in Figure 13 were sorted into
infiltration rate categories. These are presented in Table 5 and illustrated in Figure 14.
Table 5 Soil Infiltration Rate Scale
Simplified Soil Infiltration Rate Categories
Soil Textural Classification Description
Coarse sands (includes the ASTM C-33 sand)
Medium Sands
Fine sands, Loamy coarse sands, Loamy medium sands
Very fine sands, Loamy fine sand, Loamy very fine sands, Sandy loams, Loams
Silt loams that are porous and have well developed structure
Other silt loams, Sandy clay loams, Clay loams, Silty clay loams
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1.2
1
0.8
0.6
0.45
0.2
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F IGURE 14 – SIMPLIFIED SOIL INFILTRATION RATES OF SOILS IN THE LYVGGWMA

Climate
The Western Regional Climate Center maintains climate data at three stations within the
Lower Yakima Valley at Wapato, Sunnyside, and Prosser. Temperatures have historically ranged
from 90 to 24 degrees Fahrenheit over the course of a year.
Table 6 - Climate

WAPATO, WASHINGTON (458959)
Period of Record Monthly Climate Summary, Western Regional Climate Center, wrcc@dri.edu
Period of Record : 10/01/1915 to 09/05/2013

Jan Feb Mar Apr May Jun Jul
Average Max.
Temperature (F)
Average Min.
Temperature (F)
Average Total
Precipitation (in.)
Average Total
SnowFall (in.)
Average Snow Depth
(in.)

Aug Sep Oct Nov Dec Annual

39

47

58

66

75

81

89

88

80

67

50

40

64.8

23

27

33

39

47

54

59

57

49

38

30

25

40.1

1

0.7

0.6

0.5

0.5

0.6

0.2

0.3

0.3

0.5

1

1.2

7.35

5.8

2.2

0.7

0

0

0

0

0

0

0

1.9

5.4

15.9

2

1

0

0

0

0

0

0

0

0

0

1

0

SUNNYSIDE, WASHINGTON (458207)
Period of Record Monthly Climate Summary, Western Regional Climate Center, wrcc@dri.edu
Period of Record : 09/14/1894 to 01/05/2014

Jan Feb Mar Apr May Jun Jul
Average Max.
Temperature (F)
Average Min.
Temperature (F)
Average Total
Precipitation (in.)
Average Total
SnowFall (in.)
Average Snow
Depth (in.)

Aug Sep Oct Nov Dec Annual

39

47

58

67

75

82

90

89

80

67

51

40

65.3

23

27

32

38

45

51 54.7

53

46

37

30

25

38.4

0.9 0.6 0.5 0.5 0.5 0.5 0.18 0.3 0.4 0.6 0.9 0.9

6.8

4.5 1.8 0.2

0

0

0
No
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0
Data

0

0

0 1.8

4

12.4

PROSSER, WASHINGTON (456768)
Period of Record Monthly Climate Summary, Western Regional Climate Center, wrcc@dri.edu
Period of Record : 07/01/1925 to 01/04/2015

Jan Feb Mar Apr May Jun Jul
Average Max.
Temperature (F)
Average Min.
Temperature (F)
Average Total
Precipitation (in.)
Average Total
SnowFall (in.)
Average Snow Depth
(in.)

Aug Sep Oct Nov Dec Annual

38

46

56

65

73

80

89

87

78

65

49

40

63.9

24

28

33

38

45

50

55

53

47

39

31

26

38.9

1.1

0.7

0.6

0.6

0.6

0.7

0.2

0.3

0.4

0.7

1

1.2

7.95

2.6

1.2

0.1

0

0

0

0

0

0

0

0.9

2.3

7.2

1

0

0

0

0

0

0

0

0

0

0

0

0
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Land Use
Agriculture is the primary economic and land use activity in the area. Approximately 7080% of the area is used for agriculture. Agricultural production on the 464,000 irrigated acres within
the Yakima Basin is annually worth $1.3 billion. Most cropland in the area is irrigated. Major
commodities grown in the valley include apples, pears, cherries, peaches, vegetables, hay, mint and
hops. In 2002, Yakima County ranked first statewide for apple, milk, hop, and grape production and
first nationally for apple and hop production. Dairy operations were greatly expanded starting in the
late 1980’s. Also, animal feeding operations operate at various sizes from very small home lots to
large commercial feedlots. The dairies and animal feeding operations are concentrated in the lower
parts of the valley in and around the cities of Sunnyside, Grandview, Mabton and Granger, although
some occur in more disperse parts of the valley on the Yakama Indian Reservation.
Viewed from the perspective of American history, problems of nitrate contamination have
been identified progressively from eastern to western regions of the United States, corresponding
with the historical origination of more intensive agricultural practices in those regions. Nitrate
contamination was identified as a public concern first in New England, then in the Ohio Valley,
progressing to the Middle West and ultimately in the American West, particularly in Montana, Idaho,
California, and now Eastern Washington. In each case, the length of more intensive agricultural
practice history has reached about 100 years before the degree of contamination has become
sufficiently great to cause public or governmental response.
Catholic Missionaries arrived in the Yakima River basin in 1848. They established a mission
in 1852 on Atanum (now Ahtanum) Creek, using irrigation on a small scale. Miners and cattlemen
immigrated to the basin in the 1850s and 1860s. In 1859, Ben Snipes first drove cattle through the
Yakima Valley. Five years later, he returned, established the Snipes and Allen Company, grazing
40,000-50,000 head of cattle in the lower Yakima Valley. By the 1880s, it is estimated that there
were 200,000 cattle, 350,000 sheep, and 125,000 horses grazing in the Yakima Valley.

With

increasing settlement in the mid-1860s, irrigation of the valley bottoms began. Outlying areas were
used extensively for raising stock. Private companies began to deliver water through canal systems
built between 1880 and 1904 for the irrigation of large areas. Irrigated agriculture began to be
practiced more widely at this time. The Northern Pacific Railway was constructed through the
Yakima Valley, reaching Yakima in December 1884 and Seattle in 1896, facilitating the development
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of irrigated agriculture through transport of agricultural goods to markets. Statehood in 1889
assisted Lower Yakima Valley agricultural growth, Yakima contending for state capital.

By 1902,

about 120,000 acres were under irrigation, mostly by surface-water.
By 1901, farming had largely replaced livestock ranching in the easily irrigated acres of the
valley. A state survey of that year reported the following crops grown in the Yakima Valley: apples,
pears, prunes, plums, cherries, apricots, peaches and grapes; alfalfa, corn, wheat, barley, oats, rye,
flax, broom corn, other grasses including brome, orchard, tall meadow fescue, timothy, red top, and
clover; melons, potatoes, garden vegetables, hops and sugar beets.
Crops
The Yakima Valley Museum maintains a collection of photographs which indicate significant
production of hops in the early period, primarily in the Moxee and North Yakima area.4
Above Union Gap, early crops included hops. In
the Lower Valley, early agriculture primarily involved
the production of hay.

Historical photographs courtesy of the Yakima Valley Museum. For further study, see
http://www.yakimamemory.org/
4
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Newly planted orchards were planted in the Sunnyside area by 1908:

Between 1905 and 1912 the lower Yakima Valley towns of Sunnyside, Mabton, Toppenish,
Wapato, Grandview, Granger and Zillah were all incorporated.
Another survey assembled in 1917 showed the following crops and agricultural products
produced in the Yakima Valley: strawberries, cherries, prunes, appled, peaches, pears, apricots,
38

grapes cantaloupes and watermelons; onions, turnips, green corn, carrots, rutabagas, cabbage,
asparagus, tomatoes, green peppers, squash, pumpkins, beans, potatoes, hops and sugar beets; alfalfa
hay, wheat, oats and barley.

Field crops, such as potatoes, onions, and corn primarily watered by flood irrigation, either
through total inundation or rill irrigation, were successful crops by the early 1920s:
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.
Tree fruits had become successful export products by the 1930s.

The Federal Reclamation Act of 1902 and Washington State’s Yakima Federal Reclamation
Act of 1905 authorized construction of water delivery facilities to irrigate about 500,000 acres of
Lower Yakima Valley agriculture. Six dams and five reservoirs were constructed as part of the
Yakima Project.

These Federal reservoirs provide storage to meet water requirements of the major irrigation districts
during the period of the year, called “storage control,” when the natural streamflow from
unregulated streams can no longer meet demands.
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Farm sizes were relatively small during the first half of the twentieth century. According to
the Agricultural History of Yakima County, a report prepared by Margaret Drenna, there were 6,351
farms in Yakima County, making up 600,106 acres of farmland, in 1925.
“Farmers often produced their own livestock feed on farm, and maintained soil
fertility through crop rotations and the retention of manure and crop residues onfarm. Weeds, insects, and plant diseases were controlled largely through mechanical
practices, crop rotation, and the use of natural predators. During this time the
conversion from horse-powered farming to the widespread use of tractors was taking
place. . . . This spread of mechanization made it possible for farmers to use
agricultural practices like intensive inversion-based tillage that remove all cover from
the soil and use large amounts of fuel.” (WSDA 2013)
The National Map Company’s 1930 map entitled Latest Official Survey of Washington now
located within the Presby Museum in Goldendale Washington, shows the route of two railroads
then running through the GWMA area, with which to ship agricultural goods to market. The
density of the railroad’s depots indicates the abundance of agricultural commodity available to be
sent to market. The Union Pacific route stopped in Grandview, Forsell, Waneta, Midvale, Morris,
Emerald, Bain, Noride, Granger, Blaine Acres, Dalton, Boone, Pam, Zillah, Buena, Flint, Sawyer,
Dunbro and Parker en route to Union Gap and Yakima. The Northern Pacific route stopped at
Grandview, Lichty, Sunnyside, Outlook Nass, Sinto, Granger, Boone, Gilliland, Cenauer, Zillah,
Keck, Cutler, Buena, Sawyer, Donald, Mellis and Parker en route to Union Gap and Yakima.

The number of farms and the area being farmed throughout Yakima County both stabilized
during the 1940s. In the 1950s, the total number of farms began to decrease while the total amount
of land being farmed increased, due primarily to the growth of land used as pasture. Between the
1960s and early 2000s, the total amount of land being farmed in Yakima County remained relatively
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static. It is reasonable to presume that the same trends occurred more specifically within the lower
Yakima Valley area.
Information regarding the total number of acres farmed in each crop category throughout
Yakima County was collected by the U.S. Department of Commerce, Bureau of the Census and
published in the United States Census of Agriculture: It was assembled by Margaret Drennan in a report
entitled “Agricultural History of Yakima County.” (WSDA 2013) The census information does not
segregate data into geographic subdivisions of Yakima County. Nevertheless, the information does
reflect trends in agricultural practices within the LVTGWMA, as this area constitutes a major
portion of the County’s agricultural economy.
Table 7- Agricultural Census Data—General Crop Types
Summary of Yakima County Acres Farmed--- As Reported in USDOC
Agricultural Censuses (numbers rounded)
Number of acres farmed ( x1000)
1935
1959
1982
2007
Apples, cherries, peaches, pears,
plums, prunes and grapes
52.0
83.0
89.0
95.0
Corn, wheat, oats, barley, rye and
triticale
55.0
94.0
101.0
83.0
Hay, forage, haylage and silage
(including small agrains cut for
hay, wild hay, sorghum cut for
silage or greenchop)
71.0
49.0
32.0
52.0
Potatoes, sugar beets, mint, hops,
dill and dried herbs
18.0
48.0
36.0
44.0
Vegetables (including snap and
string beans, cabbages, sweet
corn, tomatoes and watermelons)
6.0
23.0
20.0
10.0
Field seeds and grass seeds
0.0
10.0
0.5
1.0
Legumes (excluding cover crops)
0.1
0.3
3.3
0.5
Berries
0.0
0.1
0.0
0.1
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Some County-wide information on specific field crops is also available from the USDOC
Agricultural Censuses.
Table 8 – Agricultural Census Data—Field Crops

Yakima County Acres Farmed--Several Specific Crops (numbers rounded)
Number of acres farmed ( x1000)
1935
1959
1982
2007
Sweet Corn
1.00
9.00
5.00
2.00
Asparagus
2.00
10.00
10.00
2.50
Hops
4.00
19.00
19.00
19.00
Mint
0.00
10.00
25.00
10.00
Sugar Beets
1.00
19.00
8.00
2.00
Alfalfa
65.00
40.00
30.00
41.00
Alfalfa seed
0.30
10.00
3.00
1.00
Wheat
20.00
31.00
60.00
21.00
Corn for grain and silage
8.00
43.00
21.00
42.00
Barley
7.00
17.00
17.00
0.50

According to the information contained in several years’ Agricultural Census, the number of
cattle raised in Yakima County (excluding dairy cows) increased from 45,403 animals in 1925 to
212,762 animals in 2007. The number of dairy cows in Yakima County was stable at about 20,000
animals between 1925 and 1950. The number decreased during the 1950s and 1960s, reaching a low
of 7,868 animals in 1969. The total number of dairy cows (excluding calves) reached 89,575 by
2007.

Table 9 – Agricultural Census--Livestock
Yakima County Livestock--As Reported by USDA Census
Number of Livestock (x1000)
1935
1959
1982
2007
Cattle and calves
51
135
152
213
Dairy Cows
20
18
19
90
Chickens
220
240
520
300
Sheep
100
75
25
10

Trends in U.S. farming began shifting after World War II from mixed crop and livestock
operations to specialized monocultures. Livestock became commonly raised separately on feedlots.
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Crop rotation decreased. Livestock manure, commercial fertilizer and pesticides became more
greatly available. Yields of corn, wheat and rice increased during the latter half of the Twentieth
Century, due to large-scale mechanization of tilling, planting and harvesting, improved plant
varieties, development of irrigation infrastructure, availability of low cost fertilizers and pesticides,
and favorable commodity prices. Economies of scale led farm sizes to increase. By 2007, there
were 3,540 farms, making up 1,649,281 acres, in Yakima County. (WSDA 2013).
The Washington State Department of Agriculture maintains an annual inventory of crops
grown on particular properties. The inventory is maintained in a Geographic Information System
(GIS) format. Figure 15 illustrates the variety and location of crops grown within the LYVGWMA
in 2015.
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F IGURE 1518– LOCATION OF CROPS G ROWN WITHIN THE LVYGWMA (2015)

A more narrow inventory, limited only to the acreage within the LYVGWMA was
conducted by the Washington State Department of Agriculture. See figure 15. In 2015, the crops
constituting 1% or more of the acreage within the GWMA were:
Table 10 - WSDA 2015 Crop Inventory
within LVYGWMA

Top 20 Crop Types
Apple
Corn Silage
Grape, Juice
Alfalfa Hay
Pasture
Cherry
Hops
Grape, Wine
Fallow
Pear
Wheat Fallow
Sudangrass
Mint
Wheat
Corn, Grain
Grass Hay
Developed
Asparagus
Nectarine/Peach
Alfalfa/Grass Hay
Total Acreage

Acres
17,351
16,826
10,269
7,977
6,702
6,361
5,922
5,129
4,791
3,335
1,761
1,623
1,414
1,283
1,148
1,133
1,019
853
843
648
96,459

% of
Total
Acres
18%
17%
11%
8%
7%
7%
6%
5%
5%
3%
2%
2%
1%
1%
1%
1%
1%
1%
1%
1%

The acreage totals in Table 10 do not account for multiple cropping of any particular acreage
in a single year. According to WSDA, 10,780 acres of triticale were farmed (“double-cropped”),
primarily on the same ground as corn silage, after the corn silage had been harvested. Double
cropping was taken into account however in the WSDA’s Nitrogen availability assessment (WSDA
2017b).
Fertilizers
According to the USDOC Agricultural Census, as reported in the Agricultural History of
Yakima County, (WSDA 2013). 136,553 farmed acres were fertilized in Yakima County in 1954.
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203,062 farmed acres were fertilized in 1964. The number of fertilized acres remained at about that
rate through 2007. In 2002, 28,152 acres were fertilized by manure. In 2007, 27,742 acres were
fertilized by manure, or approximately 14 % of total fertilized acres within the county.
The USDOC Agricultural Census also collected information, between 1954 and 1974, about
the number of acres within Yakima County that were fertilized with chemical fertilizer. The
maximum number of acres fertilized with chemical fertilizer occurred in 1970, when approximately
110,000 acres received chemical fertilizer. (WSDA 2013)
The use of synthetic fertilizers began to increase between 1900 and 1944. After WWI, the
use of chemical pesticides increased as well.
Land use within the LYVGWMA is subject to the Yakima County Code. Most of the land
within the GWMA is within the Agricultural Zone. Figure 16 illustrates Yakima County zoning
districts within the LYVGWMA.
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F IGURE 19– LOCATION OF C ROPS G ROWN WITHIN THE GWMA (2015)FIGURE 20 - Y AKIMA C OUNTY Z ONING WITHIN GWMA

F IGURE 16 - Y AKIMA COUNTY ZONING WITHIN LYVGWMA

Water Use
The lower Yakima Valley, south of Union Gap, is semi-arid with a mean annual precipitation
of 6.8 inches. Precipitation and snowpack in the Cascade Mountains provide the source water and
natural storage capacity for the Yakima River and the primary irrigation supply. Diversions from the
River are equivalent to about 60% of its mean annual flow.5 Five major reservoirs in the Cascade
Mountains, with the total capacity of 1,065,400 acre-feet (ac-ft), provide 40% of the April to
October water users’ entitlements (2,490,755 ac-ft ).6
Surface and groundwater use within the GWMA is conducted pursuant to individual water
rights recognized by the Washington State Department of Ecology.
Irrigation water can also be drawn from wells. Under the Washington State Groundwater
code (RCW 90.44.050), prospective groundwater users must obtain authorization of a water right for
irrigation (other than that exempted by the statute). Post-1945 well-drilling technologies, legal
rulings, and the onset of a multi-year dry period in 1977 stimulated the drilling of numerous
irrigation wells. Population growth in the basin as also resulted in an increase drilling of shallow
domestic wells as well as deeper public - supply wells. There are now more than 20,000 wells in the
basin, more than 70 percent of which are shallow, 10–250 ft deep, domestic wells. The Department
of Ecology’s online water-rights database indicates that there are 2,874 active groundwater rights
associated with wells in the Yakima basin. They collectively withdraw about 529,231 acre-ft during
dry years. The irrigation rights are for the irrigation of about 129,570 acres. There are about 16,600
groundwater claims in the basin, for some 270,000 acre-ft of groundwater. (USGS 2011). The more
limited numbers of groundwater irrigation rights and acreage watered by groundwater specifically
within the LYVGWMA has not been determined.
The three largest irrigation providers in the lower valley are the Wapato Irrigation Project,
Sunnyside Valley Irrigation District, and the Roza Irrigation District. Wapato Irrigation Project
serves irrigators within the Yakama Indian Reservation and is managed by the U.S. Bureau of Indian
The mean annual run-off of the Yakima River varies greatly; for example, 1.3 million ac-ft in 1977, the lowest wateryear on record, and 4.4 million ac-ft in the abundant water year of 1999. The mean annual irrigation diversion from
1961 to 1990 was 2.2 million ac-ft. Mean annual streamflow from 1961 to 1985 was 2.6 million ac-ft at Kiona.
5

Bumping Dam (1910, Kachess Dam (1912), Clear Creek Dam (1914), Keechelus Dam (1917), Tieton Dam (Rimrock
Lake) (1925), Cle Elum Dam (1933). About 78 percent of storage capacity is in the upper arm of the Yakima River and
22 percent is in the Naches River arm.
6
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Affairs on behalf of the U.S. Bureau of Reclamation. In 2012, the Sunnyside Valley Irrigation
District (SVID) served 94,614 acres on the valley floor and lower slopes. The Roza Irrigation
District (RID) served 72,491 acres, some of which are not within the LYVGWMA, at higher
elevations.

Those within the LYVGWMA are on the north slopes of the valley. (WSDA 2013)

Diverse crops are grown in both of the latter districts but, generally, forage crops dominate the
SVID and tree fruits dominate the RID. SVID diverts its water near Parker into a 60-mile canal.
RID diverts its water from the Yakima River upstream of the City of Selah into a 94.8-mile canal.
Both canals end, returning tail water to the Yakima River, near Benton City. From the canals, water
is delivered through 709 miles of laterals to over 5,300 individual deliveries. Diversions usually
begin in March to prime the canal system and cease in mid-October. On-farm deliveries typically
begin in early April. (Joint Board 2009) Figure 17 shows the service areas of the SVID and RID
within the LVYGWMA.
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FIGURE 17 – Sunnyside Valley and Roza Irrigation Districts within the LVYGWMA

Irrigation Methods
Irrigation in the Yakima River Basin is accomplished using one of three methods: rill,
sprinkler, or drip. Rill (or gravity) irrigation is the oldest and simplest form in use. In its simplest
form, an open channel (head ditch) delivers water to the high point of a field. Water is siphoned out
of the head ditch and into small furrows cut into the field between each crop row. Water exits the
furrows at the low point of the field, and is collected in a second open channel (tail ditch). The
tailwater in the tail ditch is routed to a drain that feeds into the regional drainage network. On many
rill-irrigated fields, the open head ditch has been replaced with PVC pipe. Instead of siphon tubes,
manually operated spigots or sliding gates direct irrigation water into the furrows.
A variety of sprinkler systems are used throughout the Yakima River Basin, and each system
varies in its efficiency of delivering water. Portable solid set, wheel lines, and big guns are examples
of simple systems to operate, but typically do not provide a uniform coverage of water to a field.
They also require manual labor to move from place to place in a field. Fixed solid set, center pivots,
and liners are more expensive to install and more complex to operate, but they provide a more even
coverage and give the farmer greater control over the irrigation process. These systems can be fully
automated, enabling the farmer to irrigate a large area with less labor. The most sophisticated
systems use feedback from soil-moisture probes to cycle the irrigation system off and on. (USGS
2004).
Drip irrigation employs plastic lines with small openings to deliver water directly to the base
of the plant. The drip lines may be installed above or below the soil. A properly operating dripirrigation system enables a farmer to make maximum use of his allotment of water—very little water
is lost to evaporation, no tailwater is generated, and virtually no water is lost to the ground-water
system. Drip systems also enable the farmer to deliver nutrients and some pesticides through the
lines, significantly reducing the amount of chemicals used on the field and reducing the potential for
the chemical to leave the field. (USGS 2004).
Sprinkler irrigation systems increased in the Roza and Sunnyside Irrigation Districts between
2005 and 2012, the years in which records are available. Rill (gravity) irrigation systems have
decreased. Sprinkler irrigation in those districts is somewhat lower than it is statewide. Low-flow
drip irrigation had increased to 26.16% of the acreage in the Roza District by 2010. (WSDA 2013).
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Demographics
Population

Where People Live

Yakima County Quick Facts
•
•
•
•
•
•

Eighth largest county in
state by population: 244,654
2nd largest county in State by
land mass: 4,311 square
miles
14 Cities and Towns
GWMA population: 56,210
GWMA population living in
a rural area: 19,952

There are 14 cities in Yakima County. Five of
those cities are in the LYV GWMA —Sunnyside,
Grandview, Granger, Zillah and Mabton. Over half of the
GWMA’s residents live in those cities—10,158 of its
16,260 households:
•
•
•
•
•

Source: figure derived using ARCGIS, a
geographic information system, in
combination with the 2010 Decennial
Census. (See original text)

City of Sunnyside-4,556 households
City of Grandview-3,136 Households
City of Granger-813 Households
City of Zillah-1,105 Households
City of Mabton-2,548 Households

The remaining 6,511 households
reside in an unincorporated area. Most of
those

remaining

households–

approximately 6,185 (19,952 individuals) –
reside in a rural area not served by public
water or sewer. These residents typically
rely on a private or shared well for their
drinking water. A nearly equal number rely
on an on-site sewage system (OSS, or
septic system) to dispose of their waste.
In the GWMA, economics and
livelihood play a critical role in the decision
to live in a rural area instead of an urban
one. Affordable housing is a draw to rural
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areas, and so is the proximity to agricultural-related employment. Farmers, for example, usually live
on or near the acreage they farm.
However, other factors are at play in
addition to affordable housing and agricultural. In
recent decades in Yakima County, large-tract
farmsteads have been parceled off and sold in
smaller pieces over time. The smaller parcels were
not large enough to make a living at farming, but
they did offer part-time farming opportunities for
people already employed in seeking a country
lifestyle. This is perhaps the chief characteristic of
“rural” living in Yakima County and the GWMA
[Horizon

2040

Conditions].

5.9.4

The

Rural

desire

for

Lands-Existing
a

“country”

environment in part accounts for the growing
number of rural GWMA households— ranging in
property size from .5 to 10 acres— whose distance
from urban areas preclude them from receiving
municipal water or sewer services.
F IGURE 22 - P OVERTY

Income and Poverty

The U.S. Census (5-Year American Community Survey for the years 2009-2013), has Yakima
County’s median household income at $43,506, well below the $59,478 median for Washington
State. The County’s per capita income was $19,433, compared to $30,742 for the State.
According to the U.S. Census (5-Year American Community Survey for the years 20092013), 22.6 percent of the population of Yakima County was living below the poverty level, an
increase of 2.4 percent since 1990. In comparison, only 13.4 percent of all persons in Washington
State live below the poverty level [Yakima County’s Comprehensive Plan, Horizon 2040-GMA
Update June 2017]
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The population of the GWMA is generally poorer than the rest of Yakima County, with over
a quarter of the GWMA’s population living in
poverty. There is also a higher percentage of
children in the GWMA living in poverty which is in
line with the larger percentages of children living
there.
Education
The educational disparity between the State,
Yakima County, and the GWMA is even greater
than the income disparity. In Washington State, for
example, 10 percent of the population did not
graduate from high school or receive a high school
diploma. In Yakima County that rate is almost 3
times higher at 29 percent. Yet in the GWMA it is
almost 4 times higher than the state at 39.6 percent.
In some GWMA pockets the span is even greater:
in the city of Mabton, which lies in the southeast
section of the GWMA, 28.1 percent of the
population over the age of 25 has less than a ninthgrade education.
Households and Families
The average household size in the GWMA
ranges from 3.36 to 3.98 people per household,
larger than the County (3.02 people) and State (2.54
people). Average family size in the GWMA ranges
from 3.72 to 4.38 people—again, larger than the
average County family size (3.53) or the State
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(3.11). In the GWMA, 80.2 percent of all households are comprised of families compared to 73.0
percent for the County and 64.5 percent for the State.
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Race and Ethnicity
The GWMA has a higher concentration
of

individuals

whose

ethnicity

is

Hispanic/Latino compared to Yakima County,
Washington State, or the Nation, and a lower
concentration

of American Indian/Alaska

natives and Blacks/African-Americans.
Within Yakima County there is a wide
gap between communities for both race and
ethnicity.

For

example,

the

range

for

individuals who are Hispanic/Latino ranges
from 0.4 percent in the city of Naches to 96.1
percent in the City of Mabton. Additionally, the
range of individuals who are American
Indian/Alaskan Native ranges from 0.0 percent
in the city of Selah to 21.7 percent of the town
of Harrah, which is located outside of the
GWMA on the Yakama Indian Reservation.
The racial groups of Asian, Black or
African-American, and native Hawaiian or
other Pacific Islander represent a very small
part of the population in the GWMA as well as
Yakima County when compared to the State
and the Nation.
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Language
In Yakima County, 39.6 percent of the population
over age 5 speaks a language other than English at home
(predominantly Spanish). 18.6 percent speak English less

60 percent of people in the GWMA
do not speak English at home.

than “very well” indicating that the other 21.0 percent a
bilingual. In the GWMA, 60.6 percent of the population over five speaks a language other than
English at home – 24 percent speak English less than “very well” indicating that the other 36.4
percent are bilingual.
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