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FOREWORD

One of the great challenges faced by the Nation’s water-resources
scientists is providing reliable information to guide the management and
protection of our water resources. That challenge is being addressed by
Federal, State, Tribal, and local water-resources agencies and by
academic institutions. Many of these organizations are collecting
water-quality data for a host of purposes including: compliance with
permits and water-supply standards; development of remediation plans for
specific contamination problems; operational decisions on industrial,
wastewater, and water-supply facilities; and research to advance our
understanding of water-quality processes. In fact, during the past two
decades, tens of billions of dollars have been spent on water-quality
data-collection programs. Unfortunately, the utility of these data for
present and future regional and national assessments is limited by such
factors as the areal extent of the sampling network, the frequency of
sample collection, the varied collection and analytical procedures, and
the types of water-quality characteristics determined. Therefore,
despite these expenditures, only a small part of the data collected can
be used to assess the status, trends, and causes of water-quality
conditions at regional and national scales.

In order to address this deficiency, the Congress appropriated
funds for the U.S. Geological Survey to begin testing and refining
concepts in 1986 for a National Water-Quality Assessment (NAWQA) Program
that, if fully implemented, would:

1. provide a nationally consistent description of water-quality
conditions for a large part of the Nation’s water resources;

2. define long-term trends (or lack of trends) in water quality; and

3. identify, describe, and explain, as possible, the major factors that
affect observed water-quality conditions and trends.

As presently envisioned, a full-scale NAWQA Program would be
accomplished through investigations of a large set of major river basins
and aquifer systems distributed throughout the Nation, which in
aggregate, would account for a large percentage of the Nation's
population and freshwater use. Each investigation would be conducted by
a small team of individuals familiar with hydrologic system(s). Thus,
the investigations would take full advantage of the region-specific
knowledge of individuals in the areas under study. At present, four
surface-water projects and three ground-water projects are being
conducted as part of the pilot program to test and refine assessment
methods and to help determine the need for and the feasibility of a
full-scale program.



The final interpretive results of the pilot NAWQA Program will be
presented in a series of U.S. Geological Survey Water-Supply Papers.
Each of the seven pilot projects will be described in a Water-Supply
Paper with separate chapters assigned to key elements of each
investigation. Chapter A will be reserved for a summary report.
Chapter B will be an analysis of available water-quality data for each
project. Additional chapters will be written on specific topics
appropriate for individual projects.

The pilot projects have depended heavily on cooperation and
information from many Federal, State, Tribal, and local agencies. The
assistance and suggestions of all are gratefully acknowledged.

Philip Cohen
Chief Hydrologist
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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
inch (in.) 25.4 millimeter

foot (ft) 0.3048 meter

mile (mi) 1.609 kilometer

square mile (mi?) 2.590 square kilometer
acre-feet (acre-ft) 1233. cubic meter

ton, short (T) 0.9072 megagram

gallon per minute (gal/min) 0.06309 1liter per second

cubic foot per second (ft3/s) 0.02832 cubic meter per second

ounce, avoirdupois (oz) 28.35 gram
pound, aveirdupois (1b) 0.4536 kilogram
gallon (gal) 3.785 liter

Temperature in degrees Celsius (°C) can be converted to degrees
Fahrenheit (°F) as follows:

°F = (°C/0.555)+32
SEA LEVEL: In this report "sea level"” refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a

general adjustment of the first order level nets of both the United
States and Canada, formerly called Sea Level Datum of 1929.

The use of brand names in this report is for identification purposes
only and does not constitute endorsement by the U.S. Geological Survey.
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SURFACE-WATER-QUALITY ASSESSMENT OF THE YAKIMA RIVER BASIN, WASHINGTON:
ANALYSIS OF AVAILABLE WATER-QUALITY DATA THROUGH 1985 WATER YEAR

By J.F. Rinella, S.W. McKenzie, and G.J. Fuhrer

EXECUTIVE SUMMARY

In 1986, the U.S. Geological Survey (USGS) began testing and
refining concepts for the National Water-Quality Assessment (NAWQA)
Program. The long-term goals of the program are to (1) provide a
nationally consistent description of current water-quality conditions
for a large part of the Nation’s water resources; (2) define long-term
trends in water quality; and (3) identify, describe, and explain, as
possible, the major factors that affect water-quality conditions and
trends.

At present (1990), the assessment program is in a pilot phase in
seven project areas (four surface-water and three ground-water project
areas) throughout the country that represent diverse hydrologic
environments and water-quality conditions. One of the surface-water
project areas is the Yakima River basin in Washington.

The first major activity undertaken in the Yakima pilot project was
to compile, screen, and interpret available water-quality data. The
purpose of this report is to describe: (1) historical water-quality
conditions in the basin, (2) long-term trends in water quality, and (3)
relations of historical conditions and trends with natural and human
factors.

The Yakima River Basin

The Yakima River basin drains 6,155 square miles in south-central
Washington and contains a diversity of landforms, including high peaks
and deep valleys of the Cascade Range, broad river valleys, and lowlands
of the Columbia Plateau. Even though areas covered with irrigated
agriculture (approximately 1,000 square miles) and urbanization (50
square miles) are smaller than those areas covered with timber
harvesting (2,200 square miles) or grazing (2,900 square miles), the
intensity of the activities makes agriculture and urbanization of
primary importance with respect to effects on water quality.

The Yakima River basin is one of the most intensively irrigated
areas in the United States. The basin has 6 large storage reservoirs,
14 major diversions on the main stem, more than 1,900 miles of canals
and laterals, 3 hydroelectric plants, 6 major irrigation projects, and
numerous small irrigation systems. Surface-water diversions for
irrigation are large and equivalent to about 60 percent of the water use
and 81 percent of the annual streamflow from the basin. The quality of
the agricultural-return flow determines the quality of water in the
lower Yakima River (downstream from the City of Yakima), because return
flows account for as much as 80 percent of the lower main-stem flow
during irrigation season.



Surface-water-quality Conditions

Surface-water quality in the Yakima River basin is suitable for many
designated uses. Water quality in headwater streams is classified by the
State of Washington (Washington State Administrative Code, 1988) as
extraordinary (class AA--should exceed requirements for all beneficial uses)
and is controlled by the chemical properties of the precipitation, the
mineralogy of the soils and geology, residence time in the ground-water
system and storage reservoirs, forest management practices, and the nature
and intensity of storm events. More than 70 percent of the irrigated land,
90 percent of the point-source nutrient loads, and more than 80 percent of
the population are located in the lower basin downstream from Kittitas
Valley. These point and nonpoint sources of contaminants affect water
quality with measurable changes generally occurring downstream from Wilson
Creek (Yakima RM [river mile] 147), which receives agricultural-return flow
from Kittitas Valley. Water quality downstream from the headwater reaches
is classified by the State of Washington (Washington State Administrative
Code, 1988) as good (class B for Sulphur Creek--should meet or exceed
requirements for most beneficial uses) or excellent (class A--should meet or
exceed requirements for all beneficial uses).

To describe water-quality conditions in the Yakima River basin, and to
facilitate intersite comparison, selected monthly data collected from 1974-
81 and in 1975 water year are summarized in tables A and B, respectively.
Most water-quality constituent concentrations in the main stem increased in
a downstream direction and were largest in tributaries that contained
agricultural-return flow and point-source discharges. These values indicate
that current (1990) State standards were not met for stream temperature, pH,
fecal-coliform bacteria, and dissolved oxygen. In addition, turbidity and
phosphorus concentrations were detected at levels of concern relative to
effects on aquatic life and eutrophication, respectively.

Observed trends in constituent concentrations at 43 locations in the
Yakima River basin from 1974-81 water year indicate changes in stream
quality (table C). Increases in stream temperature, specific conductance,
and concentrations of orthophosphate (soluble-reactive phosphorus), ammonia,
and nitrite plus nitrate were widespread in the basin from 1974-81 water
years. Flow-adjusted-trend results indicate that about 50 percent of the
increasing specific conductance trends probably were associated with the
decreasing streamflows. General increases in ammonia, nitrite-plus-nitrate,
and orthophosphate concentrations may be due to the increasing use of
nitrogen and phosphorus fertilizers in the basin and to increasing
populations of livestock. General decreases in turbidity levels, and
concentrations of suspended sediment and suspended phosphorus may be due to
changes in crop types from row crops to less erosive permanent crops (for
example, orchards) and to efforts to control erosion (for example, sediment-
detention ponds, and sprinkler- and drip-irrigation methods).

pH and Major Cations and Anions

Most (98 percent) of the pH measurements and alkalinity concentrations
in the streams range from 6.4 to 8.6 pH units and 14 to 182 mg/L [milligrams
per liter] (as calcium carbonate), respectively. In general, these
concentrations are typical of natural river water not influenced by
contamination (natural river water ranges from 6.5 to 8.5 pH units with
alkalinities less than 165 mg/L; Hem, 1985). Alkalinity and pH values



Table A.--Summary of monthly streamflow and physical-property measurements and nutrient concentrations at
selected s1§es in the Yakima River basin, Washington, 1974-81 water years

(90-percentile value indicates that 90 percent of the values were less than or equal to the listed value; S0-percentile value
indicates that 50 percent of the values were less than or equal to the listed value; 10-percentile value indicates that 10
percent of the values were less than or equal to the listed value; concentrations are expressed in milligrams per liter
except as follows: streamflow (cubic feet per second), temperature (degrees Celsius), turbidity (NTU--nephelometric
turbidity units), specific conductance (microsiemens ger centimeter at 25 degrees Celsius), pH (standard units), "--" = no
data or no Washington State standard; all sites listed are Washington State class A streams, except Sulphur Creek, which is
class B; 1/ = Not to exceed 5 NTU above background levels; 2/ = Washington State standard varies with temperature and pH
(U.S. Environmental Protection Agency, 1986; Washington State Administrative Code, 1988)]

Yakima River at (river mile in parenthesis) Washington
Terrace State
Cle Ellens- Heights Selected agricultural drain standard--
Property or Elum burg Umtanum Bridge Granger Mabton Kiona ilson Cree a ur Creek class A
constituents (183.1) (148.0) (140.4) (113.2) (82.7) (59.8) (29.9) at Thrall Road at McGee Road streams
90-percentile values
Streamflow 3,560 3,910 4,430 5,790 6,710 6,140 8,470 197 360 -=
Stream temperature 16.0 15.5 15.5 16.0 18.9 21.0 22.0 15.5 19.0 21.0
Turbidity 8 13 14 16 16 17 22 12 54 1/ plus 5
Suspended sediment 16 20 32 32 60 59 113 38 285 --
Specific conductance 87 114 155 156 318 323 350 248 712 -
Dissolved oxygen 12.6 12.4 13.3 13.1 12.2 11.8 13.4 13.4 11.0 8.0
Chemical oxygen demand 9 16 14 14 16 16 -- 21 32 --
pH 7.7 7.7 7.8 7.8 7.9 8.0 8.6 7.9 8.1 6.5-8.5
Ammonia, total as N .02 .06 .05 .04 .18 L11 17 .07 L47 2/
Nitrite + nitrate as N .07 .18 .36 .26 1.3 1.4 1.5 .48 6.1 To
Phosphorus, total as P .06 .12 .13 .12 .24 .22 .21 .24 .68 --
Orthophosphate,
dissolved as P .01 .03 .05 .03 .13 .10 .11 .10 .25 ==
50-percentile values
Streamflow 1,200 1,830 2,260 2,850 1,550 2,200 2,405 85.0 182 --
Stream temperature 8.8 8.7 8.2 9.0 11.0 12.8 11.6 9.8 12.7 21.0
Turbidity 1 1 2 3 6 6 7 4 13 1/ plus S
Suspended sediment 4 6 8 10 22 23 26 12 45 - o--
Specific conductance 62 89 114 100 182 244 265 210 377 --
Dissolved oxygen 10.9 10.7 11.1 10.7 9.7 9.5 10.8 11.4 9.3 8.0
Chemical oxygen demand 4 6 7 7 10 10 -- 13 6 . -=
pH 7.5 7.5 7.6 7.5 7.6 7.7 7.9 7.7 7.8 6.5-8.5
Ammonia, total as N .01 .02 .01 .01 .05 .04 .07 .02 .16 2/
Nitrite + nitrate as N .03 .06 .13 .06 .54 1.0 .89 .25 2.7 10
Phosphorus, total as P .02 .03 .04 .04 .11 .12 .13 .12 .29 --
Orthophosphate,
dissolved as P <.01 .01 .01 .01 .05 .06 .08 .06 .16 --
10-percentile values
Streamflow 235 424 709 1,050 415 840 1,040 40.0 57.7 -=
Stream temperature 3.6 2.5 1.7 2.1 3.0 4.0 3.4 3.0 7.0 21.0
Turbidity 1 1 1 1 2 2 3 1 3 1/ plus 5
Suspended sediment 1 1 2 3 8 6 7 5 14 --
Specific conductance 42 65 86 75 107 142 149 155 262 --
Dissolved oxygen 9.1 9.1 9.2 8.7 7.5 8.1 8.7 9.3 7.7 8.0
Chemical oxygen demand 2 3 3 4 6 6 -- 8.0 11 --
pH 7.2 7.3 7.4 7.3 7.4 7.5 7.6 7.5 7.6 6.5-8.5
Ammonia, total as N <.01 <.01 <.01 <.01 .01 .01 <.01 <.01 .03 2/
Nitrite + nitrate as N .01 .02 .02 .02 .14 .33 .37 .08 1.4 10
Phosphorus, total as P .01 .01 .02 .02 .07 .08 .08 .07 .17 -
Orthophosphate,
dissolved as P <.01 <.01 <.01 <.01 .02 03 .04 .03 .08 ==




Table B.——Summar§ of monthly bacteria and ma;or-ion concentrations
in the ima Kiver, Washington, water vear

[90-percentile value indicates that 90 percent of the values were less than or equal to the
listed value; 50-percentile value indicates that 50 percent of the values were less than or
equal to the listed value; 10-percentile value indicates that 10 percent of the values were
less than or equal to the listed value; concentrations are expressed in milligrams per
liter except fecal-coliform bacteria (colonies per 100 milliliters); "--" = no data or no
standard; all sites listed are Washington State class A streams, except Yakima River mile
191 which is class AA: 1/ = Geometric mean shall not exceed 100 organisms per 100
milliliters; 2/ = Shall™not be less than 20 nor greater than 300 milligrams per liter,
except under natural conditions])

Yakima River (river mile in parenthesis) Washington
Rear Thorp Terrace State
Cle Highway Heights Near standard--
Elum Bridge Bridge Toggenish Mabton Kiona class A
Constituents (181.1) (165.4) (113.2) (893.0) (59.8) (29.9) streams

90-percentile values

Fecal-coliform bacteria 11 17 132 330 804 400 1/ 100
Calcium 12 12 18 20 28 32 -
Magnesium 2.0 3.9 5.8 6.8 11 11 --
Sodium 4.2 3.4 8.0 10 18 20 -
Potassium 1.6 .6 5.0 2.6 3.4 3.7 -
Chloride 4.6 2.7 3.3 4.4 6.7 7.8 250
Sulfate 3.4 2.2 5.6 6.9 17 20 250
Alkalinity as 30 43 67 78 117 137 2/ 20-300
calcium carbonate
50-percentile values
Fecal-coliform bacteria 2 2 17 22 230 135 1/ 100
Calcium 8.2 7.6 11 12 22 21 -
Magnesium 1.4 2.5 3.4 4.4 7.7 7.7 --
Sodium 2.6 2.2 4.8 6.6 12 12 --
Potassium .7 .4 1.2 1.4 2.8 2.4 --
Chloride 2.8 1.6 2.2 3.0 4.6 5.1 250
Sulfate 2.2 1.4 3.1 4.4 12 10 250
Alkalinity as 24 31 43 53 88 88 2/ 20-300
calcium carbonate
10-percentile values
Fecal-coliform bacteria 1 1 <1 1 80 62 1/ 100
Calcium 6.4 4.6 8.8 9.2 12 12 -~
Magnesium .6 1.6 2.6 2.6 3.4 4.1 --
Sodium 2.2 1.4 3.1 3.5 6.8 6.7 -
Potassium .4 .2 .6 .8 1.4 1.5 -
Chloride 1.3 .8 .8 1.4 2.1 2.2 250
Sulfate 1.2 1.0 1.8 2.3 4.3 5.6 250
Alkalinity as 16 20 32 36 51 53 2/ 20-300

calcium carbonate

throughout most of the basin are indicative of water from noncalcareous
(lacking calcium carbonate) igneous terrane along the eastern slopes of the
Cascade Range. Increases in alkalinity and pH values down the main stem of
the Yakima River probably result from agricultural-return flow and point-
source effluent effects (including evapotranspiration and nutrient
enrichment that causes eutrophication). Most of the pH and alkalinity
values meet State standards for the protection of freshwater aquatic life.
Many of the pH values that do not meet standards occurred during the summer
months and probably were the result of increased photosynthetic activity
from aquatic plants. Exceedance of the alkalinity guidelines for food
canning (less -than 1 percent of the values exceeded 300 mg/L as calcium
carbonate) only occurred at two locations, both of which receive
agricultural-return flow: South Drain near Satus and Yakima River at Kiona.



Table C.--Summary of temporal trends for streamflow and selected water-quality
properties and constituents at sites having 4 to 8 years of monthly data,
Yakima River basin, Washington, 1974-8]1 water years

["NA" indicates not applicable]

Non-flow-adjusted trends Flow-adjusted trends

Number of Number of  Number of Number of  Number of
sites with sites with sites with sites with sites with
Property or 4 to 8 years upward downward upward downward
constituent of data trends trends trends trends
Streamflow 43 0 19 NA NA
Stream temperature 43 12 0 8 2
Specific conductance 43 14 3 8 7
Total phosphorus 43 2 9 4 10
Dissolved ortho-
phosphate 43 13 2 10 4
Suspended phosphorus 43 0 13 0 12
Total ammonia nitrogen 43 24 3 18 4
Dissolved nitrite
plus nitrate 43 23 0 16 2
Turbidity 43 0 18 1 15
Suspended sediment 43 3 8 9 6

Headwater streams in the basin are poorly buffered and are
susceptible to precipitation-induced acidification. The pH and strong-
acid-ion concentrations (sulfate and nitrate) of precipitation in the
headwater streams in the Yakima River basin are similar to mean
background levels in remote areas of the world; this similarity
indicates that man’s influences on the quality of precipitation in the
upper basin might be small, when compared with levels in large
population centers in the United States.

Median major-ion concentrations of calcium, magnesium, sodium,
potassium, chloride, sulfate, and total dissolved solids (13, 4.9, 7.1,
1.6, 2.5, 4.4, and 120 mg/L, respectively) in the Yakima River basin are
similar to or smaller than the mean concentrations observed in river
water of the world (14, 3.7, 5.7, 1.8, 6.8, 9.6, and 81 mg/L,
respectively; Hem, 1985). The predominant major ions in surface water
in the Yakima River basin are calcium and bicarbonate. The water
generally has high calcium:sodium ratios and small fluoride
concentrations (most less than 0.3 mg/L), which are typical of water
from the basalt terrane located throughout much of the basin (White and
others, 1963). Major-ion concentrations and specific conductance
increase down the main stem of the Yakima River, but their relative ion
composition is remarkably similar. Two mechanisms that could account
for the observed increases in concentration are (1) evapotranspiration
that equally concentrates all ions, and (2) uniform dissolution of ions



from geologically similar rock and soil types. Generally, major-ion
concentrations do not pose a major alkali or salinity hazard nor should
they affect soil properties through ion-exchange effects. Few sulfate
(less than 1 percent) and total-dissolved-solids concentrations (3
percent) exceeded State standards and U.S. Environmental Protection
Agency guidelines for domestic water supplies and irrigation,
respectively.

Suspended Sediment and Turbidity

Background levels of suspended sediment and turbidity in the Yakima
River upstream from the Yakima River at Terrace Heights Bridge (Yakima
RM 113.2) were small with median values less than 10 mg/L and 3 NTU,
respectively. These levels approximately doubled downstream from the
Terrace Heights Bridge, primarily because of sediment contributed by
turbid agricultural-return flows during irrigation season. The largest
suspended-sediment concentrations in the Yakima River basin occurred in
the Sunnyside subbasin, which has steep slopes that contribute to
increased erosion. In the main stem, the largest suspended-sediment
concentrations generally occurred from April to June during high flows
due to snowmelt; in the agricultural-return flows, large concentrations
generally occurred during storm runoff, periods of peak irrigation, and
at the start of irrigation season when soils were freshly tilled and
irrigation ditches were layered with sediment from recent mechanical
cleaning and windblown sources. During the 1980 water year (a median
flow year), the major loadings of suspended sediment in the Yakima River
basin were from nonpoint sources.

Nutrients

The Yakima River has small background concentrations of total
phosphorus, dissolved orthophosphate, total ammonia, and dissolved
nitrite plus nitrate (median values less than or equal to 0.04, 0.01,
0.02, and 0.13 mg/L, respectively) from Cle Elum (RM 183.1) downstream
to Terrace Heights Bridge (RM 113.2). Total-phosphorus and nitrite-
plus-nitrate concentrations upstream from Terrace Heights Bridge are
about one-half of the median values for many rivers in the United States
(Smith and others, 1987). The diluting effect of the Naches River at RM
116.3 reduces nutrient concentrations in the main stem. Farther
downstream in the vicinity of Parker (RM 104.6), however, median
concentrations increase by about a factor of two or more, and except for
ammonia, which decreases downstream from Parker, the nmutrient
concentrations continue to increase downstream to Kiona (RM 29.9) [table
A]. These median nutrient concentrations downstream from Parker are
equal to or greater than those for many rivers in the United States
(Smith and others, 1987). The increased concentrations at Parker might
be attributed to nutrient loadings from a sewage treatment plant at RM
111.0, Wide Hollow Creek at RM 107.4, Moxee Drain at RM 107.3, and
Ahtanum Creek at RM 106.9.

Downstream from two large canal diversions (Wapato and Sunnyside
Canals) near Parker, the streamflow in the Yakima River is low during
most of the irrigation season (April through October). Consequently,
point and nonpoint discharges (including agricultural-return flows)
downstream from Parker cause substantial increases in median nutrient
concentrations.



Nutrient enrichment during the warm summer months results in some
scattered patches of dense attached and rooted plant growth in the
sluggish-moving reaches of Yakima River downstream from its confluence
with Satus Creek (RM 69.6). However, the temporal and spatial coverages
of historical nutrient data are insufficient to define whether causes of
eutrophication are from point or nonpoint sources.

Increased stream turbidity in the lower Yakima River might be
limiting aquatic plant growth and other effects of eutrophication by
decreasing sunlight penetration that is needed for photosynthesis.
Major increases in turbidity in streams in the lower basin result from
soil erosion in irrigated agricultural areas; if soil erosion was
reduced without also reducing dissolved nutrient concentrations in the
Yakima River, conditions could become more eutrophic.

On the basis of the evaluation of 6,475 and 7,900 determinations of
total ammonia and dissolved nitrite plus nitrate, respectively, about 2
percent of the ammonia determinations (mostly in agricultural-return
flows and downstream from sewage treatment plants) exceeded the EPA
(U.S. Envirommental Protection Agency, 1989) chromic-toxicity criteria
for the protection of salmonids or other sensitive coldwater fish
species, and one site (Satus Drain 302) had nitrite-plus-nitrate
concentrations larger than EPA’s National Primary Drinking-Water
Regulation (10 mg/L as N). Streams having the largest nitrite-plus-
nitrate concentrations generally were in the Sunnyside subbasin, where a
large number of dairies might be contributing to the enrichment.

Largest total-phosphorus concentrations occurred during snowmelt
and irrigation seasons when suspended-sediment concentrations also were
large. Largest nitrite-plus-nitrate, ammonia, and orthophosphate
concentrations occurred from October through March when much of the
nutrient loading could be attributed to ground-water and point-source
contributions. In addition, reduced primary productivity (consumption
of nutrients by stream biota) during the cold fall and winter seasons,
also would contribute to the increased nutrient concentrations.

Estimates of major point-source loads of total phosphorus and total
nitrogen in the Yakima River basin for 1980 indicate that: (1) the
annual, total phosphorus, point-source, load was larger than the annual,
total-phosphorus load in the Yakima River at Kiona near the terminus of
the basin, and (2) the annual, total-nitrogen, point-source, load was
about 13 percent of the annual, total-nitrogen, load at Kiona. Even
though the point-source phosphorus load appears large, it is about 25
percent of the estimated annual amount of phosphorus fertilizer applied
in the basin; the point-source, total-nitrogen, load is about than 5
percent of the amnual amount of nitrogen fertilizer applied.

Stream Temperature

The upper Yakima River originates from precipitation, snowmelt, and
ground-water seepage from the high Cascade Mountains. Consequently, the
initial river temperature is cold, and the water becomes warmer as it
flows to the lower basin.



Analysis of 12,500 instantaneous stream-temperature measurements
from about 400 sites from 1959-85 water years indicates that 7 percent
of the temperature measurements at the class AA streams in the basin
(headwater sites in the national forest) were above the 16 °C (degrees
Celsius) State standard, 5 percent at the class A streams (sites
downstream from the national forest) were above the 21 °C standard, and
2 percent at the class B stream (Sulphur Creek Wasteway) were above the
21 °C standard. As expected, most of the exceedances occurred during
the warm July-August period.

Increased stream temperatures in the main stem during the summer
result from the dominant influence of air temperature in the lower basin
in conjunction with: (1) low flows downstream from the Wapato and
Sunnyside Canal diversions (Yakima RM 106.7 and 103.8, respectively),
(2) slow velocities due to a small stream gradient between Yakima RM
69.6 and 47.1, and (3) low flows between Prosser Dam (Yakima RM 47.1)
and Chandler Pumping Plant (Yakima RM 35.8).

A calibrated model was used to estimate water temperatures for
natural conditions in the main stem for August 1981, based on the
assumptions of no reservoir storage and no diversions. The model
simulation indicated that the mean stream temperatures would exceed the
class A temperature standard of 21 °C from Umtanum (Yakima RM 140.4) to
Kiona (Yakima RM 29.9) by as much as 1 °C.

Dissolved Oxygen

On the basis of 6,165 measurements of DO (dissolved oxygen) from
185 sites in the Yakima River basin, DO concentrations in the basin are
similar to those in many rivers in the United States (Smith and others,
1987; median DO for rivers in the United States is 9.8 mg/L compared to
the median DO of 10.2 mg/L for the Yakima River basin). Most of the
data from the Yakima River basin were collected during daylight periods;
the concentrations should be near maximum, if the controlling effect on
daytime concentrations was photosynthesis. 1In streams containing
abundant aquatic plant and animal (bacteria, invertebrates, and fish)
growth, nighttime DO concentrations would be smaller as a result of
respiration and the absence of photosynthesis.

More than 50 percent of sites had one or more DO concentrations
that did not meet State standards. Twenty-five percent of the DO
concentrations at class AA streams were less than the 9.5 mg/L standard.
The class AA standard might be naturally unattainable for some headwater
streams during the summer months because of altitude and temperature
effects on DO saturation. Ten and 1 percent of the DO concentrations at
the class A and B streams were less than the State standards of 8.0 and
6.5 mg/L, respectively. Many of the smaller DO concentrations occurred
during the warm summer months at streams that receive relatively large
nutrient and organic-carbon loads from point and nonpoint sources.
Potential causes for the smaller concentrations include increased water
temperatures that decrease DO concentrations at saturation, and
increased rates of respiration (plants and animals) and biochemical
oxygen demand.



Organic Carbon and Related Measures

On the basis of 193 samples from 26 sites in the basin, total
organic carbon concentrations range from 0.1 to 17 mg/L with a median
concentration of 4.4. These concentrations are similar to average
concentrations in (1) many rivers in the United States, (2) snow in
North America (dissolved organic carbon ranging from 0.1 to 6 mg/L), and
(3) tree-canopy drip (dissolved organic carbon ranging from 5 to 10
mg/L; tree-canopy drip is precipitation that contacts tree branches and
leaves as it falls to the ground; Thurman, 1985). Main-stem data from
the Yakima River basin indicate that (1) dissolved organic carbon
constitutes more than 80 percent of the total organic carbon, which is
typical of many rivers in the United States (Thurman, 1985), and (2)
median monthly concentrations of total organic carbon are relatively
constant throughout the year.

COD (chemical oxygen demand) concentrations increase downstream in
the main stem, from a median of 4 mg/L at Cle Elum (RM 183.1) to a
median of 10 mg/L at Mabton (RM 59.8), as a result of increasing organic
contributions from domestic, industrial, and agricultural sources.
Sites in the basin having the largest COD concentrations are
agricultural-return flows that also receive point-source discharges and
runoff from dairies and livestock. Many of the agricultural-return
flows have the largest COD concentrations and the smallest DO
concentrations in the Yakima River basin, reflecting the bacterial
consumption of dissolved oxygen and organic matter as a food source.

Major Metals and Trace Elements

In the Yakima River basin, concentrations of suspended and
dissolved elements in streams depend on (1) man’s influences, including
transportation, urbanization, industrialization, and pesticide
application; (2) the natural weathering and erosion of rocks and soils;
and (3) ash fallout from the volcanic eruption of Mount St. Helens.
Estimates of iron and selected trace-element (arsenic, cadmium,
chromium, copper, lead, mercury, and zinc) sources indicate that point
sources (mostly sewage treatment plants) are contributing less than 10
percent of the annual element loads to surface water in the basin.
However, most trace element data in the basin are spatially and
temporally limited, and are inadequate for accurately defining water-
quality conditions and source loads.

Generally, concentrations of major metals and trace elements in
water and sediment samples from the Yakima River basin are not enriched
above natural concentrations. The range of dissolved concentrations in
the basin is similar to the range of concentrations observed in other
rivers in the United States, and the median dissolved concentrations are
similar to background concentrations that have been minimally affected
by man’s activities. For example, median dissolved concentrations of
arsenic, cadmium, copper, lead, mercury, and zinc in the Yakima River
basin are <5, <1, 3, 4, <0.1, and 11 mg/L compared with 2, 0.07, 1.8,
0.2, 0.01, and 10 mg/L, respectively, for inland water that is minimally
affected by man’'s activities (Forstner and Wittman, 1979). Median
concentrations of these elements in bed-sediment samples from the
upstream mountainous regions of the basin fall within the expected 95-
percentile confidence range for uncontaminated soils in the Western



United States (R.C. Severson, U.S. Geological Survey, written commun.,
1987, based on data in Shacklette and Boerngen, 1984). Because few
water samples were collected from these mountainous regions, dissolved-
or suspended-element concentrations could not be related directly to
element concentrations in the bed sediment. Except for arsenic, lead,
and zinc, trace-element concentrations in 6-12 whole-fish samples from
the Yakima River were similar to national baseline concentrations
collected in U.S. Fish and Wildlife Service’s National Contaminant
Biomonitoring Program. Eighty-fifth-percentile concentrations of
arsenic, lead, and zinc in whole-fish samples from the Yakima River
basin are 460, 1,260, and 77,900 compared with 230, 320, and 46,300
micrograms per kilogram (wet weight) for 85-percentile concentrations in
whole-fish samples collected in the National Contaminant Biomonitoring
Program (1978-79). A potential source of arsenic may be acid-lead-
arsenate sprays used for controlling codling moths in apple orchards
prior to 1947. High application rates of phosphate fertilizer increase
the dissolution of arsenic from the soils and result in arsenic
contamination in the shallow aquifers that feed drains in agricultural
areas. A source of lead might be automotive exhaust from the combustion
of leaded gasoline.

From 1953-85 water years, the dissolved elements that most often
exceeded U.S. Environmental Protection Agency National Primary or
Secondary Drinking-Water Regulations were iron (7 percent of the iron
determinations), manganese (2 percent) and lead (2 percent). Similarly,
dissolved elements that most often exceeded State chronic-toxicity
standards for aquatic life were lead (56 percent), mercury (43 percent),
copper (23 percent), cadmium (12 percent), and zinc (3 percent). The
order of exceedances for total recoverable elements was similar to the
order of exceedances for the dissolved elements, listed above, except
that the frequencies of exceedances were larger.

In the Yakima River at Kiona (RM 29.9) near the terminus of the
basin, dissolved lead and copper exhibited decreasing concentrations
from the 1960s to 1985. Possible explanations for these decreases
include the large decline in leaded-gasoline combustion during the
1970s, and a decreasing use of copper sulfate for eradicating nuisance
aquatic plant growths in canals.

Radionuclides

The absence of baseline data prohibits any evaluation of
radionuclides relative to spatial and temporal variability and to water-
quality standards. The basin is near the Hanford Nuclear Facility
(operated by the U.S. Department of Energy), and the collection of
baseline radionuclide data would identify any need for concern.

Pesticides and Other Trace Organic Compounds

Even though the application of synthetic organic compounds is
extensive on agricultural land in the Yakima River basin, relatively few
samples have been collected to determine the spatial and seasonal
distributions of these compounds in the aquatic enviromment. Data have
been collected from about 30 sites in the basin, and about 50 percent of
the samples have been collected from the Yakima River at Kiona near the
terminus of the basin. About 85 percent of the trace-organic-compound

10



concentrations from 1968-83 water years were reported below the minimum
analytical reporting levels (note that historical reporting levels are
generally 1 to 2 orders of magnitude larger than those that are
currently--1990--available.)

Concentrations of several trace organic compounds in water exceeded
State water standards for chronic toxicity of freshwater aquatic life,
including aldrin/dieldrin, endosulfan, dichlorodiphenyltrichloroethane
(DDT) and its metabolites, endrin, parathion, and polychlorinated
biphenyls (PCB). None of these concentrations exceeded standards for
acute toxicity. Most of the exceedances occurred in the Yakima River at
Kiona, partly because of the relatively large number of samples
collected from the site.

The largest concentrations of the hydrophobic organic compounds
(DDT and its metabolites, dieldrin, and others) in water occurred during
irrigation season in agricultural-return flows that also contained the
largest suspended-sediment concentrations. This pesticide-sediment
relation indicates that concentrations of hydrophobic contaminants could
be reduced in streams by controlling sediment erosion of contaminated
soils. From 1968-82, decreases in concentrations of DDT and its
metabolites, and dieldrin in water and whole-fish tissues coincide with
EPA’s decision in December 1972 to ban further use of DDT due to health
and environmental-hazard considerations and in 1974 to prohibit the
manufacture of dieldrin in the United States.

Routine fish monitoring by WDOE (Washington State Department of
Ecology) from 1979 to 1984 showed that the largest concentrations of DDT
Plus metabolites in Washington State occurred in fish from the Yakima
River basin. In 1985, concentrations of DDT plus metabolites in edible
resident fish were below the Food and Drug Administration action level
(5,000 pg/kg--micrograms per kilogram, wet weight), but they exceeded
the maximum recommended concentration of 1,000 ug/kg (wet weight)
established by the National Academy of Science for the protection of
fish predators (such as fish-eating birds; Johnson and others, 1986).

Assuming an average fish consumption of 6.5 grams per day, the
average lifetime (70 years) cancer risks (U.S. Environmental Protection
Agency health assessment methodology; Johnson and others, 1986) for
consumption of fish by humans from the lower Yakima River are 3x10'5,
8x107°, 9x10°7, 2x10°%, and 1x10™> for PCB, dieldrin, DDD, DDT, and DDE,

respectively (a risk of 3x10'5 is 1 person per 300,000 people).
Fecal-coliform Bacteria

The presence of fecal-coliform bacteria indicates a potential
health hazard from the transmission of pathogenic microorganisms in
water from fecal contamination. Fecal-coliform-bacteria data are
limited in both spatial and temporal coverage, so that the occurrence,
temporal trends, and sources could not be quantitatively defined
throughout the basin. An evaluation of 2,235 fecal-coliform bacteria
determinations at 200 sites from 1968-85 water years indicates that 49
percent of the determinations at 128 sites exceeded State standards.
About 32 percent of the determinations were made on main-stem samples
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and about 40 percent of these determinations exceeded standards. Most
of the exceedances in the main stem occurred downstream from Granger
(Yakima RM 82.7). The largest percentage of exceedances occurred at the
class B sites [Sulphur Creek] (93 percent of the class B determinations)
and at the class A sites (54 percent), whereas the class AA sites had 14
percent. Class AA sites are affected minimally by man’s activities and
exhibited the smallest bacteria concentrations., Prior to the 1970's, a
source of fecal-coliform bacteria in the Yakima River basin was
untreated and (or) improperly treated effluent from STPs (sewage
treatment plants; Sylvester and others, 1951); since then, most of the
STP discharges in the basin have been treated with chlorine,
substantially reducing the bacteria concentrations in the effluent (Jim
Milton, Washington Department of Ecology, oral commun., August 24,
1989). Data collected since 1970 indicate that nonpoint sources are
controlling the bacterial quality of streams. Areas with concentrations
greater than 200 colonies per 100 mL (milliliters) of water (class A
standard is 100 colonies per 100 mL, and class B standard is 200
colonies per 100 mL) include sites at most agricultural-return flows, on
the main stem downstream from major agricultural-return flows, and in
subbasins with large densities of dairies and livestock, such as
Granger, Sunnyside, and Kittitas subbasins.

Fecal-coliform concentrations were increasing from 1977-85 water
years in the Yakima River at Parker (RM 104.6) and Kiona (RM 29.9) by
about 6 and 14 percent per year, respectively. These increasing
concentrations were not associated with increasing streamflows and could
be attributed to increases in the number of livestock in the basin,

Fish and Other Aquatic Biological Communities

Because of the commercial and recreational value of anadromous fish
in the Yakima River basin, the emphasis of biological investigations has
been on the description, quantification, protection, and enhancement of
salmon and trout populations. Prior to 1880, anadromous fish runs were
estimated to be more than one-half million fish (Davidson, 1965). By
1900, all summer streamflow in the Yakima River basin had been
appropriated and diverted by private interests for irrigation. A
serious water shortage had developed, leaving the lower Yakima River
with increasing temperatures in stagnant pools. By 1905, the
construction of large storage reservoirs and other water-resource
developments for irrigation had seriously affected fish migrations in
the Yakima River; the number of anadromous fish annually returning to
the Yakima system declined to about 60,000 (Davidson, 1965). By 1920,
anadromous fish runs further declined to 12,000 and have remained at
approximately this level for 70 years.

Major habitat and water-sediment factors that currently (1990) are
suspected of affecting fishery in the Yakima River basin are
(Confederated Tribes and Bands of the Yakima Indian Nation and others,
1990): (1) fish passage problems associated with irrigation diversions
in the tributaries, (2) passage and rearing habitat restrictions
resulting from low streamflows in both the main stem and the
tributaries, (3) adverse effects to spawning and rearing habitat
associated with rapid daily-flow fluctuations downstream from large
storage reservoirs, (4) erosion of agricultural soils and subsequent
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deposition of fine-grained sediment on fall chinook spawning beds in the
lower river, (5) false-attraction flows associated with agricultural-
return flows, (6) degraded rearing habitat, including the lack of large
organic debris, caused by prolonged, excessively high-flow augmentation
for irrigation, (7) stream temperatures higher than 24 °C in the lower
river, which constitute a partial thermal block for fish passage and
decrease available habitat for native, cold-water species, (8) pesticide
concentrations above safe, chronic-exposure levels for fish in the main
stem and in the agricultural-return flows, and (9) degradation of
riparian cover caused by grazing and agricultural activities. The
relative importance of each of these factors has not been quantified.

The fewest resident fish are found in the Yakima River from Prosser
(RM 47.4) to Mabton (RM 59.8). Within this reach, the current is slow,
the water is warm and turbid from agricultural-return flow, and the
streambed is composed of silt and clay.

A limited number (both temporally and spatially) of benthic
invertebrate and phytoplankton samples indicate changes in habitat and
water-quality conditions along the main stem of Yakima River. Benthic
invertebrate communities reflect downstream increases in fine-grained-
sediment deposition, stream turbidity, temperature, and organic-carbon
concentrations from peint and nonpoint sources. Phytoplankton samples
indicate that algal blooms occurred annually in the Yakima River at
Kiona from 1975-81 water years. The codominant algal genera are
tolerant of pollution, commonly being associated with nutrient-enriched
water.

Needs for Future Data Collection and Analysis

Future data-collection activities in the basin require close
scrutiny of sampling, preservation, and analytical techniques to ensure
that the data are representative of actual stream conditions. In
addition, analytical procedures need to provide constituent reporting
levels that are less than water-quality criteria and standards.

Water-quality issues that need to be addressed in future data-
collection programs include: eutrophication (nutriemts), erosion and
deposition (suspended sediment and turbidity), sanitary quality (fecal
indicator bacteria), toxic compounds (trace-organic compounds, trace
elements, and radionuclides), habitat and contaminant effects on
biological communities, high-water temperatures, and small dissolved-
oxygen concentrations. Additional data are needed to describe spatial
and temporal distributions as well as the sources of these contaminants
in the aquatic environment.

INTRODUCTION

Background

Beginning in 1986, Congress appropriated funds for the U.S.
Geological Survey (USGS) to test and refine concepts for the National
Water-Quality Assessment (NAWQA) Program. The NAWQA Program is designed
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to address a wide range of water-quality issues that include chemical
contamination, acidification, eutrophication, salinity, sedimentation,
and sanitary quality. The long-term goals of the program are to:

1. provide a nationally consistent description of current water-
quality conditions for a large part of the Nation’s water
resources;

2. define long-term trends (or lack of trends) in water quality;
and

3. 1identify, describe, and explain, as possible, the major factors
that affect current conditions and trends in water quality.

This information will be provided to regulators, water managers,
policy makers, and the public resulting in an improved scientific basis
for evaluating the effectiveness of water-quality management programs
and for predicting the likely effects of contemplated changes in land-
and water-management practices.

The NAWQA Program is organized into study units on the basis of
known hydrologic systems. For ground water, the study units are large
parts of aquifers or aquifer systems, and for surface water the study
units are major river basins. The study units are large, involving
areas of a few thousand to several thousand square miles.

At present (1990), the assessment program is in a pilot phase.
Seven study units--representing a diversity of hydrologic environments
and water-quality conditions--were selected for the pilot program. The
seven pilot project areas include four that focus primarily on surface
water and three that focus primarily on ground water. The surface-water
pilot project areas are the Yakima River basin in Washington; the lower
Kansas River basin in Kansas and Nebraska; the Upper Illinois River
basin in Illinois, Indiana, and Wisconsin; and the Kentucky River basin
in Kentucky. The ground-water pilot project areas are the Carson Basin
in western Nevada and eastern California; the Central Oklahoma aquifer
in Oklahoma; and the Delmarva Peninsula in Delaware, Maryland, and
Virginia.

Purpose and Scope

A large amount of water-quality data have been collected in the
United States by a diverse group of organizations for widely different
purposes. One of the first activities to be undertaken in each pilot
NAWQA project was to compile, screen, and interpret available water-
quality data.

This report provides an initial assessment of water quality in the
Yakima River basin, Washington (fig. 1). More specifically, the purpose
of this report is to describe, to the extent possible:

(1) historical water-quality conditions in the Yakima River basin,

(2) long-term trends in water quality that have occurred over recent
decades, and
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Figure 1.--Drainage and topographic features in the Yakima River basin in south-central Washington.
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(3) relations of historical conditions and trends in water quality to
natural and human factors.

The scope of this report includes (1) compilation of available
water-quality data, (2) an assessment of water-quality conditions and
trends, (3) a discussion of the utility of available water-quality data
for assessment, and (4) needs for future-data collection and analysis.
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DESCRIPTION OF THE YAKIMA RIVER BASIN

The Yakima River basin is located in south-central Washington and
encompasses all of Yakima and Kittitas Counties, except those northeast
areas where small streams drain directly to the Columbia River, and the
northern half of Benton County exclusive of the area that drains
directly to the Columbia River (fig. 1). The Yakima River is more than
214 miles in length and has a total drainage area of 6,155 square miles
(Columbia Basin Inter-agency Committee, 1964).
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Physiography, Geology, and Topography

The Yakima River basin contains a diversity oi landforms, including
the high, glaciated peaks and deep valleys of the Cascade Range to the
west, the broad river valleys to the south and east, and the lowlands of
the Columbia Plateau to the east. The altitude of the basin ranges from
8,184 feet in the Cascade Range to about 340 feet at the Columbia River.

From the great north-south axis of the Cascade uplift, subordinate
anticlines extend eastward. These anticlines form ridges that rise from
1,000 to 3,000 feet above the intervening valleys, the floors of which
are not much more than 1,000 feet above sea level (fig. 1). 1In general,
the ridges have undulating crests with smooth sides. The streams are
located at low elevation in young valleys that are covered with bunch
grass and sagebrush.

The basin is underlain by a great variety of consolidated rocks.
Metamorphic, sedimentary, and intrusive- and extrusive-igneous rocks
directly underlie the headwater areas in the Cascade Range. Basalt-lava
flows and some interbedded and weakly consolidated sediment are
predominant in the central and eastern parts of the basin.
Unconsolidated valley-fill materials, composed of lacustrine deposits
and alluvium, underlie the basin lowlands, and some eolian deposits
occur locally along lower valley sides. Lava flows of Quaternary age
occur in the headwater areas of the Toppenish Creek and Satus Creek
subbasins (Swanson and others, 1979a; Molenaar, 1985; Pearson, 1985).

The basalt-lava flows and the valley-fill deposits are important
aquifers in the study area. Individual lava flows range from a few feet
to more than 100 feet thick. The total thickness of the basalt series
is probably greater than 10,000 feet in the central part of the Plateau
(Swanson and others, 1979b). Deformation of the basalt and the
Ellensburg Formation has resulted in several structural features that
are reflected in the landforms, particularly those in the lower part of
the basin. Compressional folding of the upper basalt layers has formed
the Kittitas Valley and several northwest-to-southeast trending
anticlinal ridges (Pearson, 1985).

Glaciation caused deep erosion in the mountains and deposition of
the disaggregated rock material in the lower valleys of the study area.
Cutting by alpine glaciers produced sharp peaks and ridges with steep-
walled cirques and valleys along the Cascade crest. The eroded material
then was carried by valley glaciers and deposited in valley bottoms
(Pearson, 1985).

Present-day geologic changes in the area include the slow but
continuing erosion of the mountains by streams and small glaciers with
associated deposition of the eroded materials along stream channels and
in the flood plains and lowland lakes. The 1980 eruption of the Mount
St. Helens volcano, in the Cascade Range to the west, deposited ash over
large parts of the study area (Molenaar, 1985). This deposition
provides a source of easily erodible material.
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In the valley bottoms of the central-western part of the basin,
soils have developed principally from unconsolidated, glacially
deposited material (Pearson, 1985). Types and characteristics of the
soils in Kittitas County are described by Sibley and Krashevski (1957);
similar studies were made in Yakima County by Maytin and Starr (1960)
and in Benton County by Rasmussen (1971). Moen (1978) has given
locations of rock types in the basin, showing andesites, basalts, and
metamorphic rocks such as greenschist, phyllite, and slate in the Cle
Elum and Teanaway River basins and in Swauk Creek basin near Cle Elum;
and andesites and basalts in the American, Bumping, and Tieton River
basins. Trace-element enrichments identified within the Yakima Basin in
the Cascade Range prior to the 1980 eruption of Mount St. Helens include
chromium, copper, gold, iron, lead, mercury, molybdenum, nickel, silver,
and zinc.

There are about 1,900 miles of perennial streams in the Yakima
River basin mapped at the 1:250,000 scale by the USGS. The Yakima River
begins from the eastern slope of the Cascade Range at Keechelus Lake in
the Upper Kittitas Valley and flows southeasterly through the lower
plateau and river-bottom lands to the Columbia River. Keechelus Lake at
Yakima river mile (RM) 214.5 is a glaciated lake that was enlarged and
is operated as a reservoir. The headwaters of the lake and other
tributaries flow from glaciers and snowfields near the 5,000- to 7,000-
foot crest of the Cascade Range. The Yakima River also receives flow
augmentation during irrigation season from Kachess and Cle Elum Lakes,
which are operated as reservoirs and flow into the Yakima River at RM
203.5 and 185.6, respectively.

After the Yakima River flows from Kittitas Valley through 25 miles
of canyon, it flows into an area that receives drainage from streams in
(downstream order) the Wenas Valley and Selah area, Naches Valley, Moxee
area, and Ahtanum Valley (pl. 1 and fig. 1). The Naches River, a major
tributary with 1,106 mi2? (square miles) of drainage area, flows into the
Yakima River at RM 116.3. The Naches River receives flow augmentation
during the summer from Rimrock Lake and Bumping Lake. The river flows
through a gap in the basalt ridges at Union Gap. The lower Yakima
River receives flow from several streams and drains that often are
augmented with agricultural-return flow (Sylvester and Seabloom, 1962;
CH2M Hill, 1977; Molenaar, 1985; and Pearson, 1985).

Land Use and Population

Major land-use activities in the basin include growing and
harvesting timber, dryland pasture grazing, intense farming and
irrigated agriculture, and urbanization.

In the headwater streams, timber harvesting may be affecting water
quality, because removal of trees along streams might be increasing peak
runoff and resulting in (1) destabilization of stream channels, (2)
increased sediment erosion and sedimentation, and (3) modification of
available fish habitat (Greg Watson, Washington State Department of
Fisheries, written commun., November 1989). Even though the areas
covered by irrigated agriculture (approximately 1,000 mi?) and
urbanization (50 mi2) are smaller than areas of forest (2,200 mi2?) or
grazing (2,900 mi?), the intensity of the activities makes agriculture
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and urbanization of primary importance with respect to water-quality
effects. Dominant crops (making up 76 percent of the irrigated area)
are irrigated pasture, apples, wheat, alfalfa, hops, dry corn, grapes,
and hay (table 1).

Table 1.--Acrea§e of crops _in selected irrigation grojects
in e ima River basin ashington

[Data source is Bureau of Reclamation, written commun., 1986}

Special
and
Yakima- Sunny- Kenne- Warren
Kittitas Roza Tieton Wapato side wick Act

c
District District District District District District contracts Total

Barley 1,190 451 15 2,254 229 50 100 4,289
Corn, dry 53 4,065 -~ 14,804 1,908 80 205 21,085
Qats 1,171 - -- 97 40 65 140 1,513
Wheat 5,620 3,847 10 20,592 3,431 1,260 3,080 37,840
Other 8 161 0 0 Q 0 28 197
Total

cereals 8,042 8,524 25 37,747 5,608 1,435 3,553 64,934
Alfalfa 6,354 3,866 888 9,632 7,343 2,390 4,160 34,633
Other hay 11,628 75 0 2411 180 260 4049 18,603
Irrigated

pasture 24,637 3,874 2,096 14,258 16,597 1,220 8,823 71,505
Silage 232 3,207 0 1,800 5,304 22 280 10,845
Other 95 0 0 0 0 4] 100 195
Total

forage 42,946 11,022 2,984 28,101 29,424 3,892 17,412 135,781
Beans 0 664 0 1,637 134 0 0 2,435
Hops 0 6,583 0 8,167 5,936 0 2,464 23,150
Peppermint 0 1,366 0 8215 71 0 0 9652
Spearmint 0 2,610 0 2,300 2,292 0 0 7,202
Total

field crops 0 11,223 0 20,319 8,433 0 2,464 42,439
Asparagus 0 2,341 0 4,206 5,871 93 0 12,511
Sweet

corn 500 784 0 7.954 432 0 1,620 11,290
Melons 0 0 0 242 16 [ 0 258
Peas 0 0 0 0 72 0 0 72
Potatoes 500 1,280 0 1,157 57 0 0 2,994
Squash 0 0 320 106 0 0 426
Tomatoes 0 22 0 372 10 0 0 404
Other

vegetables 0 225 0 226 181 0 o] 632
Total

vegetables 1,000 4,652 [} 14,477 6,745 93 1,620 28,587
Apples 400 13,836 18,306 7,387 2,997 980 7,844 51,750
Apricots 0 163 o} 67 158 17 77 482
Cherries 0 2,571 230 518 2,602 580 895 7,396
Grapes 0 8,525 0 2,966 8,477 45 324 20,337
Peaches 0 457 0 38 150 580 2,238
Pears 150 1,828 1,761 1,160 1,287 82 2,692 8,960
Prunes &

Llums 0 450 0 364 718 230 125 1,887
Other 0 152 0 7865 43 30 30 1,020
Total

fruits 550 27,982 20,297 14,030 16,520 2,114 12,577 94,070
Seeds 85 100 0 72 0 5 0 262
Nursery 0 783 [¢] 65 143 25 62 1,078
Family

gardens 20 43 0 336 179 560 744 1,882
Total seeds,

nursery, and

gardening 105 926 0 473 322 590 806 3,222
TOTAL CROPS 52,643 64,329 23,306 115,147 67,052 8,124 38,432 369,033

Over the last century, the population in the Yakima River basin has
increased from fewer than 100,000 people in 1910 to more than 300,000 in
1980 (Onni Perala, U.S. Bureau of Reclamation, Yakima, Washington,
written commun., April 1990). The Washington Office of Financial
Management (1984) lists the 1983 populations of each county--
incorporated (urban) and unincorporated (rural)--as follows: Kittitas--
15,730 and 9,170; Yakima--88,800 and 88,200; and Benton--77,600 and
31,100. The 1983 and 1989 populations of the larger towns in the Yakima
River basin are listed in table 2.
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Table 2.--Population estimates for selected towns in the Yakima River
basin, Washington, 1983 and 1989

[Data collected by the Washington State Office of Financial
Management and Forecasting Division]

Population
Town 1983 1989

Yakima 48,500 50,610
Kennewick 35,700 36,880
Richland 32,000 29,970
Ellensburg 11,550 11,730
Sunnyside ,650 ,730
Toppenish ,575 ,600
Grandview ,300 ,350
Selah ,520 ,980
Prosser ,150 ,010
West Richland ,864 ,650
Wapato ,310 ,370

,120
,880
,810
775
,685
,234

,230
815
825
,760
,835
,245

Union Gap
Benton City
Granger

Cle Elum
Zillah
Mabton

HERHHWOWWWE >0
HEHEHEHWWW s RO

Agricultural practices have changed and continue to change slowly
from row crops to hay in the Kittitas Valley and from row crops to
permanent crops (such as grapes, apples, and pears) in the lower Yakima
Valley. These changes have affected the quantity of water needed for
irrigation, the methods of applying irrigation water, and the quality of
the water draining from fields and returning to the Yakima River (Ron
Van Gundy, Manager, Roza Irrigation District, oral commun., July 1986).
Cultivation and irrigation practices associated with permanent crops and
hay result in less soil erosion than those practices associated with row
crops.

Industrial activities related to agriculture include the packing
and processing of fruits, vegetables, hops, meat, and other farm
products. About 23,000 dairy cattle in 70 dairies near Sunnyside and
Granger and 50,000 beef cattle in eight feedlots between Ellensburg and
Prosser are important to the Yakima Valley economy (Washington
Department of Ecology, written commun., 1988).

Climate

The climate of the Yakima River basin ranges from maritime along
the crest of the Cascade Range to arid in the lower valleys. The
mountainous western and northern parts of the basin receive
precipitation principally as snow during the period November to March
and as rain during the remainder of the year. Much of the snowfall in
the mountains is retained through the winter; some is retained for
longer periods in the perennial snowfields and glaciers at higher
altitudes (Pearson, 1985). Chinook winds (warm air descending the
eastern slopes of the Cascade Range) and rain-on-snow events
occasionally cause rapid melting of the snowpack. At times, these
events result in severe erosion of soils and flooding along lowland
stream channels.
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MEAN-MONTHLY PRECIPITATION, IN INCHES

Precipitation varies considerably across the basin throughout the
year. Mean-annual precipitation ranges from about 140 inches in the
higher mountains of the northwestern part of the basin to less than 10
inches in the Kennewick area (U.S. Weather Bureau, 1965). Mean-monthly
precipitation data at four sites in the basin for 1951-80 (30 years) are
shown in figure 2. The amount of precipitation that occurs during the
October-to-March period, in both the arid and maritime parts of the
basin, ranges from 61 to 81 percent of the annual precipitation. The
variation in annual precipitation can be large (fig. 3). The geographic
variability in mean-annual precipitation for the Yakima River basin,
1951-80 is shown in figure 4.

2 STAMPEDE PASS CLE ELUM
5

YAKIMA SUNNYSIDE

MEAN-MONTHLY PRECIPITATION, IN INCHES

J FMAMUJ J A S OND J FMAMJ J A S OND
MONTH MONTH

Figure 2.--Mean-monthly precipitation at Stampede Pass, Cle Elum, Yakima, and Sunnyside in the Yakima River basin,
Washington, 1951-80 (National Oceanic and Atmospheric Administration, 1982).
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ANNUAL PRECIPITATION, IN INCHES
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Figure 3.--Annual and mean-annual precipitation at Stampede Pass, Cle Elum, Yakima, and Sunnyside in the Yakima River

22
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EXPLANATION

===])==—=Line of equal mean annual
precipitation—Interval, in
inches, is variable

@ Climatic station

1 Stampede Pass

2 Cle Elum

3 Yakima

4 Sunnyside
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Figure 4.--Mean-annual precipitation in the Yakima River basin, Washington, 1951-80 (National Oceanic and
Atmospheric Administration, 1982).
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Air temperatures in the basin generally are inversely related to
altitude. Maximum and minimum mean-monthly temperatures occur in July and
in January, respectively. Mean-monthly temperatures ranged from 24 to 63
degrees Fahrenheit at Lake Kachess (about 2,300 feet in altitude) and 31
to 77 at Kennewick (about 350 feet in altitude; McKenzie and Rinella,
1987).

Surface-water Hydrology

The Yakima River and its major tributary, the Naches River, have
perennial streamflow as a result of ground-water inflow, and summertime
melting of snowfields and glaciers in the Cascade Range. The relative
positions of selected streams, canals, and return flows in the Yakima
River basin are shown in figure 5. Several snow courses in the basin are
measured annually for water content of the snowpack to predict annual
runoff (U.S. Department of Agriculture, 1986). Annual runoff ranges from
100 inches per year in the Cascade Range to less than 0.2 inches per year
on the valley floor downstream from the City of Yakima (fig. 6).

The discharge of streams fed by snowmelt declines during the
November-January period, when air temperatures are low and melting is
minimal. As temperatures increase from February through June, the
snowmelt gradually increases stream discharges. Peak snowmelt and runoff
of streams draining the eastern slope of the Cascade Range generally occur
concurrently in May and June. By July, most of the snow has melted and
rainfall has decreased; a subsequent decrease in streamflow occurs through
September.

Reservoirs are used to (1) augment summer flows for irrigation, (2)
augment fall and winter flows for instream habitat (to maintain flow over
spawning areas), and (3) reduce flooding during winter storms and spring
snowmelt. Reservoir releases provide most of the water used for
irrigation during the July-October period, when natural streamflows are
minimal and irrigation of agricultural crops cause maximum demand for
water.

Mean-annual flows and mean-monthly flows from 1951-80 at four gaging
sites in the Yakima River basin are shown in figures 7 and 8. Mean-annual
flows in the Yakima River at Cle Elum (RM 183.1) and in the American River
near Nile (RM 0.5) are less variable than flows in the Yakima River near
Parker (RM 103.7). This difference in streamflow variability results from
the operation of the large canal diversions for irrigation just upstream
from Parker. Seasonal variability at these sites is quite different.
Runoff at the American River site near Nile is high from snowmelt in May
and June; the seasonal variation in runoff at this site occurs because the
streamflow is not reservoir controlled. The streamflow in the Yakima
River at Cle Elum is affected by three, large, upstream reservoirs and
Kittitas canal at Yakima RM 202.5. These upstream effects include minimal
flows from October to March due to maximum reservoir storage and large
flows from April to September due to the reservoir releases for
irrigation. Streamflows for the Yakima River near Parker (RM 103.7) and
at Kiona (RM 29.9) are similar, with low flows occurring July to September
after snowmelt and during the irrigation season; the streamflows also are
high from December through March at both sites because of rainfall runoff
at the lower altitudes in the basin.
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Figure 5.--Schematic diagram showing relative positions of selected tributaries, diversion canals, return flows,
and stream-gaging stations in the Yakima River basin, Washington (see table 3 for names and streamflow

characteristics of selected gaging stations).
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Figure 6.--Mean-annual runoff in the Yakima River basin, Washington, 1951-80 water years (Gebert and others, 1987).
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ANNUAL-MEAN DISCHARGE, IN CUBIC FEET PER SECOND

0 YAKIMA RIVER AT CLE ELUM
I I I I I

2,500
20001
1,500
1,000

500

YAKIMA RIVER AT KIONA
8,000 | T T l T |

0 i
1950 1955 1960 1965 1970 1975 1980 1985
WATER YEAR

ANNUAL-MEAN DISCHARGE, IN CUBIC FEET PER SECOND

5,000 —

o
o
=3
(=]

3,000

2,000

400

300 |
250
200
150

100

S50H

1950 1955 1960 1965

YAKIMA RIVER NEAR PARKER

6,000 T T T T I T

AMERICAN RIVER NEAR NILE

| T | l _ T

i | g | % i
1970 1975 1980
WATER YEAR

Figure 7.--Annual-mean discharge in the Yakima River at Cle Elum, near Parker, at Kiona, and American River near Nile
in the Yakima River basin, Washington, 1951-80 water years.
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Figure 8.--Mean-monthly discharge in the Yakima River at Cle Elum, near Parker, at Kiona, and American River near Nile
in the Yakima River basin, Washington, 1951-80 water years.

Streamflow statistics for selected gaging sites with at least 10
years of record through the 1979 water year (WY) are presented in table
3 (Williams and Pearson, 1985). Most of the extreme low flows were
measured early in the period of record, before all the reservoirs were
operational and before State regulations were established to provide
minimum flows for fish.

The index of variability is the ratio of the difference of the 10-
and 90-percent exceedance frequencies (daily mean discharge) to the
streamflow at the 50-percent exceedance frequency (table 3). This index
provides a measure of the stream variability that occurs 80 percent of
the time. Smaller index values indicate less variability in annual
streamflow. Differences in streamflow variability are related to (1)
subbasin altitude, (2) precipitation patterns, (3) snowmelt patterns,
and (4) the large use of water for irrigation. The effect of irrigation
diversions is shown clearly by examination of the indices for the Yakima
River above Ahtanum Creek at Union Gap (at RM 107.2 where the index
equals 2.20) and near Parker (at RM 103.7 where the index equals 4.22).
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Table 3.--Streamflow characteristics at selected gaging sites in the Yakima River basin, Washington, 1899-1979 water years

[Exceedance frequency is the percentage of time that indicated streamflow is equaled or exceeded; index of variability
is the ratio of the difference of streamflows at the 10- and 90-percent exceedance frequencies to the streamflow at

the 50-percent exceedance frequency; "--" indicates no data; locations shown in figure 5]
7-day, Streamflow, in cubic feet per second
Drainage Mean annual 10-year low xceedance Irequency Ior

Site Period area, in flow, in flow, in daily mean discharge, in percent

Site name of square cubic feet cubic feet Index of

number (abbrev.) record miles per second per second (median) variability

12474500 Yakima River 1804-78 54.7 336 0.6 2.5 180 890 4.67
near Martin

12476000 Kachess River 1904-78 63.6 292 .5 .9 140 840 5.99
near Easton

12477000 Yakima River 1910-15 188 592 28 95 440 1,300 2.74
near Easton 1841-55

12479000 Cle Elum River 1904-78 203 933 1.5 26 540 2,500 4.58
near Rosyln

12479500 Yakima River 1907-78 495 1,780 104 300 1,400 3,600 2.36
at Cle Elum

12480500 Teanaway River 1909-14 200 377 3.5 17 160 1,100 6.77
near Cle Elum 1947-52

12483800 Naneum Creek 1957-78 69.5 57 8.2 15 27 153 511
near Ellensburg

12484500 Yakima River 1909-78 1,594 2,470 325 600 2,100 4,800 2.00
at Umtanum

12488000 Bumping River 1909-78 70.7 295 2.2 41 210 660 2.95
near Nile

12488500 American River 1940-78 78.9 240 30.6 51 120 610 4.66
near Nile

12489500 Naches River 1905-17 641 1,172 164 260 640 2,900 4.13
at Oak Flat
near Nile

12491500 Tieton River 1925-78 187 508 2.4 8.4 330 1,300 3.91

at Tieton Dam
near Naches

12492500 Tieton River at 1926-78 239 473 4.3 27 290 1,000 3.36
Canal Headworks
near Naches

12494000 Naches River 1909-13 941 1,260 9.6 84 750 3,200 4.15
below Tieton 1915-79
River near Naches

12499000 Naches River 1899-1913 1,106 822 75.4 250 1,000 4,300 4.05
near North Yakima

12500450  Yakima River 1968-79 3,479 2,290 553 1,200 3,000 7,800 2.20

above Ahtanum Creek
at Union Gap

12500500 North Fork 1810-78 68.9 70 8.1 15 34 180 4.85
Ahtanum Creek
near Tampico

12501000  South Fork 1915 24.8 20 3.6 5.5 11 48 3.86
Ahtanum Creek 1917-24
near Tampico 1931-78
12502500  Ahtanum Creek 1904-05 173 82 7.3 15 44 200 4.20
at Union Gap 1912-14
1951-53
1960-79
12505000  Yakima River 1908-78 3,660 2,530 8.3 170 1,500 6,500 4.22
near Parker
12506000 Toppenish Creek  1909-23 122 98 4.1 13 35 280 7.63
near Fort Simcoe
12506500  Simcoe Creek 1909-23 81.5 29 .1 .6 6.1 84 13.7

below Spring Creek
near Fort Simcoe

12510500 Yakima River 1906-15 5,615 3,660 441 1,300 2,500 7,900 2.64
at Kiona 1933-79

Between these two sites, Wapato and Sunnyside Canals divert large
volumes of streamflow during irrigation season. These diversions result
in extremely small flows in the Yakima River near Parker as evidenced by
the 7-day, 10-year flows decreasing from 553 ft3/s (cubic feet per
second) at Union Gap to 8.3 ft3/s near Parker (note that part of this
difference is due to the comparison of site statistics during different
time periods). The extreme low flow in the Yakima River near Parker
makes this downstream reach vulnerable to contaminant enrichment from
small point- and nonpoint source loadings. The 7-day, 10-year flow at
Kiona (RM 29.9) increases to 441 ft3/s partially as a result of
contributions from agricultural runoff.
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To further examine the impacts of irrigation on streamflow in the
main stem of the Yakima River, observed and simulated mean-daily
streamflows are shown in table 4 for July, August, and September 1981.
Estimates for the simulated flows assume no reservoir storage and no
diversions--representing natural conditions. Because of flow
augmentation for irrigation diversions, the observed mean-daily
streamflows upstream from Union Gap in the main stem are 171 to 446
percent of the simulated flows. However, near Parker (RM 103.7) and
near Prosser (RM 46.3), the observed flows are only 15 to 40 percent of
the simulated flows because of large upstream irrigation diversions.

Tabl bs ed and sulated mean-da streamflows for selected

[Streamflows in cubic feet per second, RM = river mile]

Yakima

River Observed monthly streamflows Simulated streamflows L
Site July  August September July  August September

,533 93
,948 838
,068 888
406 1,288
,556 1,345

,100
L4610
450
1990
1060

Umtanum (RM 140.4) 4,273 4,207 1,877
Union Gap- (RM 2/ 106) -3,347 3,226 2,952
Near Parker (RM 103.7) 475 357 406
Near Prosser (RM 46.3) 370 297 634
Kiona (RM 29.9) 1,488 1,391 1,89

NN
N

1/ Assuming no reservoir storage and no diversions--natural conditions.
2/ Yakima River at Union Gap downstream from Ahtanum Creek.

Water Use
Water-Resource Development
By Onni J. Perala, U.S. Bureau of Reclamation

Water-resources development in the Yakima River basin grew from
local uses in the mid-1800's to its current status of national
prominence. The timeline, shown in table 5, documents major
administrative decisions, institutional influences, and water-
development measures that affect the management and regulation of water
resources (quantity and quality) in the basin. The types and quantities
of water use in the Yakima River basin have changed since the mid-1850’s
when events were first recorded. Presently (1990), primary water uses
are for hydroelectric power, irrigation, public water supply, and
maintaining minimum flows for fishery.

The beginning: 1850-1900

At the time of the Lewis and Clark expedition, the Yakima Valley
was inhabited by isolated Indian tribes. The Indians were food
gatherers and fisherman, primarily consuming fish, roots, and berries.
Many of the names given to geographic features (rivers, lakes, and
specific locations) in the basin are derived from the early Indian
culture; for instance, Naches means "plenty of water"; Selah, "smooth
water"; Cle Elum, "swift water"; Tieton, "roaring water"; Ahtanum,
"stream by long mountain"; and Kennewick, "grassy place."

White settlement began in the 1850’s when Ben Snipes arrived in the

valley. He found grass "tall enough to reach the belly of his horse,"
and he selected the area for raising cattle.
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One of the earliest events that shaped this basin’s history was a
treaty between the Yakima Indian Nation (14 confederated bands) and the
United States in 1855, which established the Yakima Indian Reservation,
more than 1 million acres of land in the southwest part of the basin.

In the 1860’s, Catholic priests at the Ahtanum Mission in the
central part of the basin started small-scale irrigation to grow their
own food supply. Twenty years later, irrigation development began in
earnest in the Yakima River basin; July, August, and September of each
year were periods of limited water supplies. The first canals were
built primarily alongside the river systems. In 1891, the Washington
Irrigation Company--the largest development for that time--started
diverting at Sunnyside Diversion Dam (Yakima RM 103.8).

Organized development: 1900-20

In 1902, when the Reclamation Act was passed, an agency called the
Reclamation Service began developing water resources in the West. Early
Yakima Valley settlers recognized that winter and spring runoff could be
stored and used for irrigation development. They petitioned the
Secretary of Interior to direct the Reclamation Service to initiate
studies in the Yakima River basin to develop storage.

By 1902, about 121,000 acres were under irrigation in the Yakima
River basin, about 25 percent of the present (1990) irrigation
development. This acreage was served from natural flows in the Yakima
River and tributaries, with none of the present large storage reservoirs
yet in existence. However, natural runoff was inadequate to insure a
dependable water supply for development, even at the turn of the century
(CH2M Hill, 1977).

In the meantime, the irrigation districts understood the advantages
of storage. The Cascade Irrigation District built a small log-crib dam
to raise the outlet of Kachess Lake, and the Union Gap Irrigation
District built a small log-crib dam to raise the outlet of Cle Elum
Lake. Both dams were constructed a long distance upstream from their
respective points of diversion, which was an ambitious effort for this
time period. These small dams resulted in a relatively large quantity
of storage, because both Kachess and Cle Elum Lakes were old glacial
lakes with large surface areas.

In 1905, the United States filed for withdrawal of the unclaimed
water in the basin. In order for the Federal government to develop
water projects in the basin, they needed to adhere to State laws and
honor all existing water rights. Consequently, the need for
quantification of existing water diversions of natural runoff by private
irrigation developments led to the limiting agreements of 1906. The
Federal govermment decided that if the developers would agree to limit
their maximum diversion to the quantity of water diverted in August
1905, the Government would use the remaining water to develop storage
and open new land for irrigation.

Following the limiting agreements of 1906, the Sunnyside and the
Tieton were two of the earliest irrigation-development divisions. The
Sunnyside Division was an enlargement of the development started by the
Washington Irrigation Company. Also, at that time, Bumping Lake was the
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first reservoir constructed. Bumping Lake was built, so that prior
users diverting water from the Naches River would have assurance of a
water supply and would suffer no diminution with the development of the
Yakima-Tieton Irrigation District. Kachess Dam was built in 1912, Clear
Lake in 1914, and Keechelus in 1917.

Largest and latest storage developed: 1920-40

After Keechelus Lake was built, water development became of
secondary importance because the United States was involved in World War
I. Immediately after the war, construction restarted; and Tieton Dam,
which forms Rimrock Lake, was finished in 1925. Shortly after that, the
Easton Diversion Dam was completed, along with the main canal and the
distribution system for the Kittitas Reclamation District. The first
water was delivered in the Kittitas Reclamation District in 1930. About
this time, problems with fishery passage were noted at the Easton
diversion facilities. Thus, the first efforts of fish-protective
facilities began by constructing ladders and screens on the diversion
dams. Sunnyside and Wapato Diversion Dams were laddered in 1929 and
1930. 1In 1933, Cle Elum Lake, the largest reservoir in the system, was
completed. It was the last major storage reservoir built in the basin
(as of 1990).

The Roza Division started with construction of Roza Diversion Dam
in 1939, and the Roza Canal distribution system (located on the uphill
side of the Sunnyside Division). The Roza Power Plant, located in
Terrace Heights east of the City of Yakima, provides power to the 18
plants that pump water to the high side of Roza Canal. Residual power
is provided to the Bonneville Power Administration network. Lands
receiving the pumped water account for three-eighths of the irrigable
land in the division.

In addition to Reclamation-irrigation projects, the Wapato
Irrigation Project was developed and constructed by the Bureau of Indian
Affairs from 1896 to 1930. This irrigation district is the largest in
the basin, accounting for about one-third of the valley's irrigated land
and one-third of the valley’s water use.

Multiple-use management: 1940-70

The last irrigation project development occurred in the late 1950's
when the Reclamation Service built the Kennewick Division and the
pumping plant and powerplant at Chandler. The powerplant generates
12,000 kw (kilowatts) and the pumping plant transports water to the
Kennewick Division. As water use developed, competition for managed
water arose among the irrigation divisions in the basin, and a need
developed to establish priority rights for the available water supply.
Water distribution had been based on water rights and limiting
agreements. Early users had agreed to operate within each year’s
designated water supply in a manner that would avoid disputes. Disputes
arose, however, and led to legal filings that firmly quantified water

rights.
In 1945, the District Court of Eastern Washington issued a decree

under Civil Action 21, called the 1945 Consent Decree. The Consent
Decree established the rules under which the Bureau of Reclamation
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should operate the Yakima system to meet the needs of the irrigation
districts that predated the Reclamation storage project, as well as
divisions that the Reclamation Service had developed.

In 1948, the Columbia River system experienced the Vanport flood
that set the stage for multipurpose operations. Vanport was a small
shipbuilding town located along the banks of the Columbia River between
Vancouver, Washington and Portland, Oregon. In May, heavy rains fell on
a heavy snowpack in the Columbia River basin. As a result, the Columbia
River and all of its tributaries were at flood stage on Memorial Day
weekend of 1948. The flood was so great in the Yakima River that only a
1-foot ripple was observed at Sunnyside Dam (an 8-foot-high concrete
weir) with flows measuring 37,700 ft3/s (compared to mean monthly flow
of 5,000 ft3/s, 1909-79).

After the flood in which Vanport was destroyed, Portland officials
approached the U.S. Army Corps of Engineers and water-resource agencies
to develop plans to avert such disasters in the future. From 1948-55,
water forecast stations were established in the Columbia River and its
tributaries including the Yakima River. Formal flood-control operations
also began.

From 1946-72, after the the reservoir system was built, the water
supply in the basin was adequate for irrigation, and the Yakima project
was in a flood-control operation nearly every spring. This time period
of adequate supply is one of the primary reasons why additional storage
has not been developed in the basin since 1933. After 1972, water
shortages occurred, and renewed efforts for water-resource planning and
storage development ensued.

Increased needs and preservation: 1970-90

In 1969, Congress passed the National Environmental Policy Act,
which required that an impact statement be prepared to identify
environmental concerns resulting from a project’s actions.

In 1974 and 1978, Judge George Boldt (Senior District Court Judge
for the Western District of Washington) issued a two-phase decision that
shaped fishery resources in the Northwest. The Boldt-I decision decreed
that half the salmon catch would be for Indian use at off-reservation
locations and half for non-Indians. The Boldt-II decision provided for
hatchery-bred fishery for Indian use and for protecting salmon habitat
in the basin.

After experiencing the lowest streamflows ever recorded in the
basin in 1977, the Yakima River Basin Water Enhancement Act of 1979
directed the U.S. Department of Interior to study potential conservation
savings, new storage, and improved regulation of water resources in the
basin. The objectives of the enhancement act were to (1) provide water
to increase instream flows for protection and enhancement of anadromous
fish, (2) provide water to supplement irrigation supplies on some
presently irrigated lands having a proratable water supply during dry
water years, (3) provide water for new irrigation development on the
Yakima Indian Reservation, and (4) develop a comprehensive water
management plan for the basin to improve efficiency in utilization of
available water supplies.
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Beginning in 1977, a formal adjudication of the entire Yakima River
system began in Superior Court in Yakima. During this adjudication, all
water claims are being prioritized (based on date) to establish firm
water rights, which will simplify operation by establishing priority of
water delivery in the system.

In 1980, the Northwest Power Planning and Conservation Act directed
Bonneville Power Administration, in cooperation with Federal, State,
Tribal, and local agencies, to improve anadromous fish runs in the
Pacific Northwest by authorizing mitigation in Columbia-River
tributaries for impacts from Columbia River hydroelectric development.
In the fall of 1980, redds were discovered in a stretch of the Yakima
River between the mouth of the Cle Elum River (Yakima RM 185.6) and the
mouth of Teanaway River (Yakima RM 176.1). As a result of finding
redds, Judge Justin Quackenbush (Federal District Court for Eastern
Washington) mandated (Quackenbush Decision) that water be released,
whether storage water or storable inflows, to sustain adequate water
levels to keep the eggs alive during winter incubation. Since 1981 and
each year following, reservoir releases have been manipulated to provide
preestablished flows for spawning and incubation. Spawning-flow
quantities are negotiated and Yakima reservoirs are operated to maintain
these low flows. Storage from Yakima reservoirs is used presently
(1990) to meet June, July, and August irrigation demands, and Naches
reservoir storage is used to meet September and October requirements.

In 1984, Phase 1 of the Yakima River Basin Water Enhancement
Project began with construction of fish passage and protective
facilities. About $56 million of facilities were built to improve fish
passage from Horn Rapids Dam (Yakima RM 18) to Easton Diversion Dam
(Yakima RM 202.5). This construction involved two types of structures:
ladders on diversion dams to allow adult spring chinook salmon to head
upstream to spawning grounds, and screens on the entrances to canals to
prevent juvenile fish from becoming trapped in the distribution systems.
These facilities allow fish to pass safely upstream or downstream in the
Yakima River system.

Today (1990), the Yakima River basin is one of the most intensively
irrigated areas in the United States. The basin has six storage
reservoirs, 14 major diversions on the main stem, more than 1,900 miles
of canals and laterals, three hydroelectric plants, six major irrigation
projects, and numerous small irrigation systems.

Presently, the irrigation project consists of seven government
constructed divisions: the Sunnyside, Tieton, Roza, Kittitas, Wapato,
Kennewick, and Storage. In 1988, the "Fruit Bowl of the Nation" (Yakima
River basin) produced a gross irrigated-crop value of more than $500
million. In addition to natural-flow diversions, project reservoirs
store over 1 million acre-feet of water for irrigation and flood
control. The Yakima reservoirs also have grown into prime outdoor
recreation sites.

The magnitude of surface water used in 1961-85 water years for
hydroelectric power, irrigation, public supply, and other uses is shown
in figure 9. The primary uses include irrigation and hydroelectric
power generation. Two government-operated powerplants generate about
160 million kilowatt hours of power each year. The mean annual
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Figure 9.--Major uses of surface water in the Yakima River basin,
Washington, 1961-85 water years.

streamflow from 1961-85 in the Yakima River at Kiona (RM 29.9) was
2,594,000 acre-feet per year. Comparison of this mean-annual streamflow
with the mean-annual water used from 1961-85 indicates that 54 and 81
percent of the Kiona flow was used for hydroelectric power and
irrigation diversion, respectively. Considering that this water use
primarily occurred during irrigation season indicates that water is used
multiple times in the basin.

Irrigation districts in the Yakima River basin, the acreages
receiving irrigation water, and the annual diversion from surface water
are listed in table 6. The largest users include the Kittitas
Reclamation District in the upper basin and the Roza, Wapato, and
Sunnyside Valley Irrigation Districts that provide water to the lower
basin. An undefined amount of water also is pumped from wells, the
number of which increased significantly after the 1977 drought.

The irrigation season usually extends from early April into mid-
October. The monthly rates of water application to the six principal
irrigation project areas--the Kittitas, Yakima-Tieton, Roza, Sunnyside-
Valley, Wapato, and Kennewick Districts--for 1984 are shown in table 7.
Most of the irrigation water is from May through August, primarily by
the ridge and furrow method, although a significant and increasing
quantity is applied by sprinklers.

The difference between quantities of water diverted and delivered
to farms (shown in table 7) is attributed to controlled spillage back to
the Yakima River and to losses through evapotranspiration and seepage.
During the 1984 calendar year, 390,140 acre-feet of water were diverted
to the Roza Canal for power generation and was returned to the Yakima
River at Terrace Heights (RM 113.3). About one-half of the total water
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delivered by the Kennewick District goes to urban areas for irrigation
of lawns and gardens. The Sunnyside-Valley District receives an
unmeasured quantity of agricultural-return flow and spillage from the
Roza system, which explains the apparently high percentage of water that
the Sunnyside-Valley District delivered to farms. The Wapato District
uses water diverted directly from the Yakima River, supplemented with
diversions from small drainages, such as Toppenish Creek, and drainage
water pumped into canals for a second-time use as irrigation water.

Upcoming water-resource developments in the basin include Phase II
of the Yakima River Basin’s Enhancement Project which involves
construction of fish passage and protective facilities on some of the
smaller diversion structures. Through the Yakima River Basin Water
Enhancement Project in 1990, USBR continues to evaluate and compare
alternative plans for developing additional water supplies and improving
present use of the water in the Yakima River basin. Another phase under
consideration is a fish hatcheries program, which would augment the
supply of fish and provide a salmon and steelhead sports fishery in this
basin.

Table 6.--Major irrigation districts and diversions
in Yakima River basin, Washington, 1984

[Data provided by U.S. Bureau of Reclamation, 1986]

Irrigated Annual diversion
area from surface water
Name of irrigation unit (acres) (acre-feet)
Kittitas Reclamation District 52,900 322,000
Cascade Irrigation District 12,700 28,000
Ellensburg Town Canal 19,530 46,000
West Side Irrigation Company 7,000 24,000
Roza Irrigation District 66,600 360,000
Yakima-Tieton Irrigation District 25,600 91,000
Naches-Selah Irrigation District 9,800 38,000
Selah-Moxee Irrigation District 4,500 23,000
Moxee Sub "A" 300 2,000
Terrace Heights Irrigation District 400 2,000
Union Gap Irrigation District 3,100 12,000
Yakima Valley Canal Company 3,200 17,000
Broadway Irrigation District 200 1,000
Special and Warren Act Contractors 38,500 21,000
Wapato Irrigation District 111,000 632,000
Sunnyside Valley Irrigation District 95,500 491,000
Kennewick Irrigation District l’/15,900 92,000

1/ Includes irrigated cropland plus urban and suburban lands receiving
irrigation water.

37



Table 7.--Irrigation water diverted from streams and delivered to farms,
Yakima River basin, Washington, 1984

[Source of data is U.S. Bureau of Reclamation, written communication, 1986;

acre-ft = acre-feet; "--" indicates no data available]
Kittitas Yakima-Tieton Roza Sunnyside Valley
Reclamation District Irrigation District Irrigation District Irrigation District
Diverted, Delivered, Diverted, Delivered, Diverted, Delivered, Diverted, Delivered,
acre-ft/ acre-ft/ acre-ft/ acre-ft/ acre-ft/ acre-ft/ acre-ft/ acre-ft/
Month acre acre acre acre acre acre acre acre
April 0.12 0.04 0.13 0.01 0.48 0.10 0.52 0.20
May .80 .53 .46 .27 .76 .38 .81 .57
June .85 .65 .69 .49 .94 .56 .94 .74
July 1.32 .85 .78 .61 1.09 .78 1.06 .91
August 1.46 1.05 .80 .63 1.08 .75 1.08 .89
September 1.11 .64 .71 .54 .73 .40 .90 .70
October .32 .17 -- -- .31 L12 .39 .28
Total,
April-
October 6.08 4.03 3.55 2.56 5.40 3.09 5.70 4.29
Wapato Irrigation District Kennewick Irrigation District
Diverted, Other sources, Delivered, Diverted, Estimated delivery Delivered,
acre-ft/ acre-ft/ll acre-ft/ acre-ft/Z/ to urban area,S/ acre-ft/
Month acre acre = acre acre =’ acre-ft/acre = acre
March 0.08 -- 0.02 -- -- --
April .41 0.23 .36 0.55 0.36 0.36
May .94 .66 1.01 .90 .55 .55
June .84 .70 1.08 .89 .61 .62
July .96 .60 .99 1.12 .84 .85
August .90 .63 .94 1.11 .84 .85
September .73 .51 .79 .86 .51 .52
October .18 £17 .22 .36 L23 .23
Total,
March-
October 5.14 3.56 5.44 5.79 3.94 3.98

1/ Water diverted from Toppenish and Simcoe Creeks and drainage water pumped into canals for
additional use as irrigation water.

2/ Water diverted for cropland plus urban area divided by cropland plus urban acreage.

3/ Urban area receives about 46 percent of the delivered water (Gary Wetherley, Kennewick
Irrigation District, oral commun., 1986), expressed as water delivered to urban
area divided by 7,338 acres, the total urban plus suburban acreage.

Fishery

Prior to major irrigation development in the Yakima River valley in
the 1900’'s, the Yakima River was one of the most important anadromous
fish producers in the Columbia River basin. Much of the decrease in
fish population has been attributed to fish-passage problems and habitat
restrictions associated with irrigation development; overfishing in the
ocean, Columbia River, and Yakima River; and Columbia River hydropower
development. In the past few years, State and Federal agencies--most
recently the Northwest Power Planning Council--and the Yakima Indian
Nation have been working to improve conditions for spawning, rearing,
and the downstream migration of juvenile fish and upstream migration of
adults. Since 1980, notable improvements have occurred and even greater
future improvement is anticipated (John Easterbrook, Washington
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Department of Fisheries, oral commun., March 4, 1986). Fish are
discussed more thoroughly in the section on fish and other aquatic
biological communities.

Point-source loads

In this report, point sources are defined as pipe or outfall
discharges from municipalities and industries. These sources may flow
directly into the main stem of the Yakima River or may enter the main
stem from tributaries. Nonpoint sources include diffuse sources such as
overland runoff and ground-water discharge. Both point and nonpoint
sources may degrade water quality; however, point-source loads are
usually more easily identified and controlled. Water-quality
constituent loads for 1974 (high streamflow year), 1977 (low streamflow
year), and 1980 (near median streamflow year) were estimated for this
study to evaluate point-source effects over a range of streamflows.

Permit levels for point-source discharges are available from
National Pollutant Discharge Elimination System (NPDES). These levels
represent maximum effluent quantities that should not be exceeded and do
not necessarily represent actual discharges. NPDES discharges are shown
in figure 10 for 1974, 1977, and 1980. The largest single source of
effluent volume is the Yakima sewage treatment plant (STP), which serves
the largest population in the basin.

Annual point-source loads for selected nutrients, biochemical
oxygen demand, suspended solids, and fecal-coliform bacteria were
estimated using records provided by the Washington Department of Ecology
(table 8). Data for potentially toxic trace elements and organic
compounds generally were not available. Daily, weekly, or monthly
discharge measurements were available for most point sources from 1974-
80. Except for weekly, monthly, or seasonal data on concentrations of
ammonia, biochemical oxygen demand, and suspended solids, few
constituent-concentration data were available, because permit levels
have not been established for many constituents.

Nutrient loads were estimated to help evaluate potential effects of
point-source discharges. Because of the paucity of seasonal data, the
nutrient loads are only estimates; however, they are expected to be
within an order of magnitude of the actual loads. The "Total estimated
load" in table 8 represents the point-source load for the basin and
includes estimates of point sources with missing data. For example, if
a secondary sewage-treatment plant was missing total phosphorus
concentrations, an average value from other secondary sewage-treatment
plants in the basin was substituted.

Stream Classification and Associated Water-quality Standards

Washington State streams are classified according to general
beneficial water uses. An antidegradation policy is being used to
protect existing water-quality conditions (Washington State
Administrative Code, 1988). 1In the Yakima River basin, streams are
rated either class AA (extraordinary), class A (excellent), or class B
(good). Class AA streams must markedly and uniformly exceed water-
quality standards for all, or substantially all, designated water uses;
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Table 8.--Estimated point-source loads jn the Yakima River basin, Washington, 1974, 1977, and 1980 water years

[Loads exgrassed in units of 1,000 pounds per year, except where indicated; "
BODg = 5-day biochemical oxygen demand;
sstjmated loads for point sources with missing data; STP = sewage treatment plant; Cr =

” indicates no data; N = nitrogen; P = phosphorus;

"Total estimated load” represents the point-source load for the basin and includes

Creek]

Receiving
Effluent source water

Annual
mean
flow in
cubic
feet per
second

Constjtuent loads
is- Fecal

Snoqualmie Pass Sewer Coal Creek

Cle Elum STP Yakima River
Ellensburg STP Yakima River
Selah STP Yakima River
Snokist Growers Yakima River
Yakima STP Yakima River
Union Gag STP Wide Hollow Cr
Moxee ST Moxee Drain
U&I Sugar Company Yakima River
Wapato STP Yakima River
Sunnyside STP Sulphur_Creek
Grandview STP Yakima River

Total estimated loadd/:
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Snoqualmie Pass Sewer Coal Creek

Cle Elum STP Yakima River
Ellensburg STP Yakima River
Kittitas STP Cook Creek
Selah STP Yakima River
Naches STP Naches River
Yakima Cement Products Yakima River
Snokist Growers Yakima River
Yakima STP Yakima River
Union Gag STP Wide Hollow Cr
Moxee ST Moxee Drain
Zillah STP Yakima River
Wapato STP Yakima River
Sunnyside STP Sulphur Creek
Mabton STP Yakima River
Prosser STP-Domestic Yakima River

Prosser STP-Industrial Yakima River
Total estimated loadl/:
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Snoqualmie Pass Sewer Coal Creek

Cle Elum STP Yakima River
Ellensburg STP Yakima River
Selah STP Yakima River
Naches STP Naches River
Yakima Cement Products Yakima River
Snokist Growers Yakima River
Boise Cascade STP Yakima River
Yakima STP Yakima River
Bolse Cascade STP Yakima River
Moxee STP Moxee Drain
Zillah STP Yakima River
Toppenish STP E Toppenish Drn
Granger STP Yakima River
Wapato STP Yakima River
Harrah STP Harrah Drain
Sunnyside STP Sulphur Creek
Mabton STP Yakima River
Prosser STP-Domestic Yakima River

Prosser STP-Industrial Yakima River
Total estimated loadl/:

-
WNNRHE Pu o

.22
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226
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55

Bio- coliform
Total chemical bacteria
phos- oxygen (billion
phorus demand, Suspended colonies
as P BODg solids per year)
0.29 4.5 5 --
5.2 m 77 -
66 150 175 --
19 580 260 --
29 36 35 --
530 430 5,500 --
- 180 - -
== 150 420 --
18 100 210 e
840 6,800 12,000 70,000
0.42 2 7.3 --
5.2 84 61 --
24 60 44 --
2.9 21 15 --
16 240 2860 --
-- 7 5.4 --
== 390 480 -
580 1,000 820 --
-- 290 290 -
-- 1 4.7 ==
2.1 1.5 9.5 b
- 160 190 -
2.7 5.9 7.3 --
- 54 7 --
ot 3,400 3,300 -
810 6,800 6,600 40,000
0.36 3.2 2 -
3.3 12 11 32
28 110 80 2,400
20 93 480 41
- 1.8 3.2 ==
13 24 a0 -
620 2,200 2,100 4,500
-- 1.3 5.6 1
2.6 1.8 6.8 --
23 18 15 --
== 7. 9.2 --
== 22 14 -
- 2 2.2 -
-- 160 190 1,500
3 5.6 6.8 ==
-- 50 60 320
hed 800 1,000 -
860 4,700 6,200 20,000

1/ Includes flows and loads for point sources that are not listed in the table.

class A streams must meet or exceed standards established for all, or
substantially all, designated water uses; and class B streams must meet
or exceed the requirements for most uses (except for domestic-water
supplies, salmonid spawning, and primary-contact recreation) [table 9].

Three stream classifications in the Yakima River basin are shown in

figure 11. Class AA streams include the Yakima River from its
confluence with the Cle Elum River (RM 185.6) to its headwaters, the Cle
Elum and Tieton Rivers, the Naches River from Smoqualmie National Forest
boundary (RM 35.7) to the headwaters, tributaries to the class AA

waters, and all streams lying within national parks, national forests,

and (or) wilderness areas.

Class A streams include all other streams in

the basin except Sulphur Creek, a tributary to the Yakima River at RM
Tributaries to Sulphur Creek are classified as
class A. In this report, the quality of lakes and reservoirs were
compared to the corresponding stream classification of the outflow,

61, which is class B.



Table 9.--Characteristic water uses for Washington State stream
classifications in the Yakima River basin, Washington

Stream classifications
Water use AA A B

Water supply

-Domestic X X
-Industrial X X X
-Agriculture X X X
Stock watering X X X
Fish
Salmonid
-Migration X X X
-Rearing X X X
-Spawning X X
-Harvesting X X X
Other Fish
-Migration X X X
-Rearing X X X
-Spawning X X X
-Harvesting X X X
Wildlife habitat X X X
Recreation
-Primary contact!? X X
-Secondary contact? X X X
-Sport fishing X X X
-Aesthetic X X X
Commerce and navigation X X X

l1Primary contact includes any activity in which the body is completely
submerged in the water (such as, swimming, water skiing).

2Secondary contact includes any activity in which the body is partially,
but not completely submerged (such as, wading).
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because many of the State lake-class standards are based on "no measurable
change from natural conditions," which is difficult to define. Special State
standards have been established for some river reaches that cannot meet
standards under natural conditions. For example, the class A standard for
stream temperatures of 18.0 °C has been increased to 21.0 °C.

State water-quality standards have been established for various water
uses and stream classifications mentioned above. To help evaluate the
potential for water-quality problems in the basin, historical data from the
Yakima River basin are compared to current (1) EPA National Primary
(enforceable) and Secondary (not enforceable) Drinking-Water Regulations, (2)
EPA water-quality criteria for the protection of aquatic life and human health
(not enforceable), and (3) Washington State standards (enforceable).
Washington State has adopted many of EPA’'s regulations and criteria as
standards that are legally enforceable (State of Washington Administrative
Code, 1988). Some State standards apply only to a particular stream
classification and others apply to all classifications. For example, State
standards for fecal-coliform bacteria, dissolved oxygen, and stream
temperature vary with stream classification (table 10), whereas standards for
trace elements and organic compounds apply to all stream classifications
(table 11). State standards and selected EPA Primary and Secondary Drinking-
Water Regulations are shown in table 11. Concentrations of concern for those
constituents not listed in table 10 and 11 are identified in this report based
on EPA water-quality criteria (U.S. Environmental Protection Agency, 1986).

Toxicity to aquatic life is expressed by EPA and State of Washington in
terms of acute (short-term) or chronic (long-term) effects (U.S. Environmental
Protection Agency, 1986). Acute toxicity is denoted as the lethal
concentration for a specified percentage of individuals (U.S. Environmental
Protection Agency, 1986), and generally is expressed in the State of
Washington Code (1988) as an instantaneous concentration not to be exceeded at
any time or a l-hour average concentration not to be exceeded more than once
every 3 years. Chronic toxicity is denoted as the concentration that affects
biota over a lifetime or over a time span of more than one generation. A
chronic effect generally occurs in a species population rather than in the
individual organism, and is expressed in the State of Washington Code (1988)
as a 24-hour average concentration not to be exceeded or a 96-hour average
concentration not to be exceeded more than once every 3 years.

ASSESSMENT APPROACH

The first step in the assessment approach was to collate all available
ambient surface-water-quality data. The next steps were: select the suite of
constituents to be analyzed, evaluate and screen the data, and design methods
for data analysis. A generalized schematic diagram for this approach is shown
in figure 12.

Collation of Water-quality Data for the Yakima River Basin

Several agencies have collected and analyzed stream-quality data in the
basin: Washington Department of Ecology, U.S. Geological Survey, U.S. Bureau
of Reclamation, Yakima Indian Nation, U.S. Forest Service, U.S. Department of
Agriculture, U.S. Environmental Protection Agency, and the U.S. Fish and
Wildlife Service. In June 1986, all available data were obtained from USGS's
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