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In recognition of a worldwide trend to adoption of the
metric system of measurements (SI or System Internationale),
the following factors are provided for conversion of English
values used in this report to metric values:

Multiply By
Inches 25.4
2.54
0.0254
Feet (ft) 0.3048
Miles (mi) 1.609
Square miles (mi?) Zn 50
Acres . 4047 .
Acre-feet (acre-ft) 1283
Cubic feet per second 28.32
(££3/s) 0.02832
Gallons per minute 0.06309
(gal/min)
Gallons per minute per 022070
foot [(gal/min)/ft]
Feet per second (ft/s) 0.3048
Feet squared per day 0.0929
(££2/4)
Feet per second per 0.3048
square foot [(ft/s)/ft?]
0.07031

Pounds peE square inch
(lbs/in”)

To obtain

millimetres (mm)
centimetres (cm)
metres (m)

metres (m)

kilometres (km)

square kilometres (km?2)
square metres (m?)
cubic metres (m3)

litres per second (1/s)
cubic metres per second

(m3/s)

litres per second (1/s)

litres per second per
metre [(1/s)/m]

metres per second (m/s)

metres squared per day
(m2/d)

metres per second per
square metre [(m/s)/mz]

kilograms per square
centimetres (kg/cmz)

VLI L




WATER RESOURCES OF THE TOPPENISH CREEK BASIN,
YAKIMA INDIAN RESERVATION, WASHINGTON

ABSTRACT

The Yakima River, which flows along the eastern margin

of the Yakima Indian Reservation, provides about 93 percent
of the irrigation water for the eastern part of the Toppenish
Creek basin--the major agricultural area in the basin. Dur-
ing 1972, the total surface water diverted from all streams
and from ground-water irrigation was nearly 700,000 acre-feet
(863 million cubic metres); the quantities contributed from
each source are as follows:

Thousands Percent
Source of of
acre-feet total
Surface water:
Yakima River:
(a) Main Canal------------- 647.2 92.5
(b) Wanity Slough---------- 8.4 )
Toppenish Creek via
Toppenish Feeder Canal------- 19.8 2.8
Simcoe Creek via Simcoe
Creek TluMes~= ~—rwomr o mm o i 3:9 «d
Ground water:
(a) from wells in the basalt--- 17358 2.5
(b) from wells in the valley
fill------- - - - Biab 5
Total (rounded)--- 700.0 100.0




The streams in the uplands of the basin have greatly
variable flows throughout the year. Flow-duration curves
for gaging stations on Toppenish Creek near Fort Simcoe and
Simcoe Creek below Spring Creek, near Fort Simcoe, show that
at the Toppenish Creek station streamflow was equal to or
greater than 16 cubic feet per second (0.45 cubic metres per
second) 90 percent of the time during 1944-72, and the flow of
Simcoe Creek was 1.3 cubic feet per second (0.037 cubic metres
per second) or greater 90 percent of the time for the same
period. Present diversions from the Yakima River and from
Toppenish Creek and its tributaries provide an excess of about
465,000 acre-feet (573 million cubic metres) of water that
leave the basin each year.

The Toppenish Creek basin has three major aquifers:
the basalt aquifers, which overlies the entire basin; the
old valley fill, which overlies the basalt in the lower parts
of the basin; and the young valley fill, which overlies the
old valley fill in the eastern parts of the basin. Each aquifer
is capable of yielding more than 1,000 gallons per minute (63
litres per second) to individual wells that are open to signifi-
cant thicknesses of saturated aquifer material. Specific capa-
cities of wells in the young valley fill range from about 2 to
58 gallons per minute per foot (0.4 to 12 litres per second
per metre) of drawdown and average about 10 gallons per minute
per foot (2.1 litres per second per metre) of drawdown.

During the period 1910-31 about 1.3 million acre-feet
(1.6 billion cubic metres) of water entered into storage in
the young valley fill. Although the annual-high water levels
in the young valley fill have not changed significantly in
recent years, there are considerable areal variations in the
amplitude of annual water levels. Present (1974) pumpage
from this aquifer is about 6,000 acre-feet (7.4 million cubic
metres) per year, but as much as 120,000 acre-feet (150 million
cubic metres) per year could be pumped. Properly constructed
wells could pump about 1,350 gallons per minute (85 litres
per second) with about 30 feet (9.1 metres) of drawdown.

With minimum spacing of about 0.5 mile (0.8 kilometre) they
should have minimal interference.

The old valley fill is composed primarily of sedimentary
deposits of the Ellensburg Formation. The distribution of
the compconents of this unit differs widely both vertically
and horizontally. Where the aquifer is within 50 feet



(15 metres) of the land surface the upper part of the aquifer
is under water-table conditions, whereas water in deeper zones
is under artesian pressure. Specific capacities range from
about 3 to 300 gallons per minute per foot (0.6 to 60 litres
per second) of drawdown. There have been some declines in

the heads in the artesian zones of this aquifer within the
last 15 years, most likely due to the pumping from the under-
lying basalt aquifer. The old valley fill yields approxi-
mately 6,500 acre-feet (8 million cubic metres) per year to
wells in the basin. Currently, an estimated 10,000 acre-feet
(12 million cubic metres) of water per year is discharged

from this aquifer as underflow beneath the southeastern corner
of the basin; a large part of this discharge could be developed
by wells.

Yields of wells tapping the basalt range from about 45 to
2,200 gallons per minute (2.8 to 140 litres per second), with
specific capacities ranging from less than 1 to 400 gallons
per minute per foot (0.2 to 83 litres per second per metre)
of drawdown and averaging about 16 gallons per minute per foot
(3.3 litres per second per metre) of drawdown. Water levels
have declined substantially since the mid-1950's because of
increased development of irrigation water from wells tapping
the aquifer. About 1,400 acre-feet (1.7 million cubic metres)
has been lost from storage; this is less than 1 percent of
the total water pumped from the basalt. As much as 118,000
acre-feet (145 million cubic metres) of water may enter the
basalt aquifer each year from recharge in the mountainous
western highlands and from the overlying old valley fill.
Present (1974) ground-water pumpage from the basalt aquifer
totals about 16,000 acre-feet (20 million cubic metres) per
year. However, this pumpage is inequitably distributed, and
water-level declines in excess of 100 feet (30 metres) have
occurred in some of the more heavily pumped areas. The
potential for increased future pumpage from the aquifer and
the probable impact of that pumpage on the heads in the
basalt is presented in this report. Near Ahtanum and Toppenish
Ridges the development of large withdrawals will result in
large drawdowns. In Medicine Valley and in the remainder of
the western lowland, expanded development will not result in
drawdowns as great as near the ridges. In the eastern part
of the lowlands the basalt aquifer has not been tapped. In
the southeastern part of the valley, where the potentiometric
surface may be as much as 150 feet (46 metres) above land sur-
face, the basalt aquifer offers a potential for additional
large supplies of water.



An annual water budget of the basin shows an input of about
683,000 acre-feet (842 million cubic metres) to the basin from
precipitation and about 651,000 acre-feet (802 million cubic
metres) from diversions from the Yakima River. About 719,000
acre-feet (887 million cubic metres) of the total is consumed
by evapotranspiration, and the remainder drains back into the
Yakima River, except for a small quantity of ground water
that flows eastward beneath the river. Changes in management
of the hydrologic system in the basin would allow capture of
some or even most of the ground-water outflow.

INTRODUCT ION

The Toppenish Creek basin of the Yakima Indian Reservation
is on the eastern slope of the Cascade Range. The mountains
form a partial barrier to the eastward movement of moisture-
laden air from the Pacific Ocean, and, as a result, most of
the basin has a semiarid climate. Owing to the dry climate,
agricultural development of the abundant arable soils in the
basin relies heavily on irrigation for crop production.
Sufficient water is available for present needs, with about
651,000 acre-feet (802 million cubic metres) being diverted
annually from the Yakima River, about 22,000 acre-feet
{27 million cubic metres) from Toppenish Creek and its tribu-
taries, and about 27,000 acre-feet (33 million cubic metres)
from ground-water sources. Although sufficient water is
generally available for the basin there are problems of dis-
tribution and supply within the basin; overpumping of basalt
aquifers has produced a marked decline in the hydraulic heads
in some areas and has also produced interference between
large irrigation wells. Increasing demands for water supplies,
plans for irrigating new lands, ground-water problems, and
proposals to divert from the Yakima River by water users
downstream from the reservation have made an accounting of
water availability very important for present-day water manage-
ment in the basin. The Tribal Council of the Yakima Indian
Nation entered intc a cooperative study with the U.S. Geological
Survey to determine the general amount of water available and
to provide information to aid the Tribe in the regulation,
management, and protection of this resource.

This report summarizes the results of the study and presents
technical information on the water resources of the basin for
hydroclogists, engineers, planners, and water managers who need




this knowledge to guide their endeavors. A brief lay-reader

report describing this study is also in preparation for those
who may be interested in the general findings and highlights

of the investigation without the detail and data compilations
contained in this report.

Similar studies are also being conducted on the water

resources of the Satus Creek and Klickitat River basins, the
two other major drainages of the Yakima Indian Reservation.

Location and Extent of the Basin

The Toppenish Creek basin is the northernmost of three
major river basins in the Yakima Indian Reservation. The
basin has a drainage area of 627 mi?2 (1,620 km2) in Yakima
County of south-central Washington (fig. 1). With its
western one-third forming an upland plateau along the eastern
flanks of the Cascade Range. The Toppenish Creek basin de-
scends to the east, from about 5,000 ft (1,520 m) above mean
sea level to about 1,000 ft (300 m) in the first 15 mi (24 km).
In the remaining 21 mi (34 km) to its eastern border at the
Yakima River, the basin descends another 270 ft (82 m) east-
ward, between Ahtanum Ridge on the north and Toppenish Ridge
on the south.
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FIGURE 1l.--Oblique-view sketch of major topographic features in Toppenish Creek basin.



Purpose and Scope

Toppenish Creek basin is an agricultural area whose pro-
ductivity is dependent on irrigation. To develop
plans for the regulation and management of the basin's water
resources, the Yakima Indian Nation needs basic information
on the following aspects of the hydrology of the basin:

1. The seasonal and areal distribution of natural streamflow.

2. The location and extent of geologic units relative to
their capacity to store and yield water.

3. The degree to which the surface- and ground-water systems
are interrelated.

4. The effects of the present and potential development on
the hydrologic system.

This report compiles available data on surface and ground

water in the Toppenish Creek basin and provides interpreta-
tions to satisfy the foregoing objectives.

Previous Studies

Many geologic studies have been made in and adjacent to
the Yakima Indian Reservation since the earliest report by
Russell (1893). Other early geologic reports covering cen-
tral Washington are by Smith (1901, 1903) and Waring (1913).
These reports discussed the general occurrence of ground
water and described some of the earliest wells in the region.

More recent studies that include the reservation lands
deal almost exclusively with the geology, and the resulting
reports differ considerably in emphasis. Few intensgive
studies concerned principally with the water resources, such
as that of the Ahtanum Valley by Foxworthy (1962), have been
made in areas on or adjacent to the reservation. Kinnison
and Sceva (1963) utilized limited gaging-station records of
tributary streams in the Yakima Reservation in their study
of streamflow records of the Yakima River. Numerous unpub-
lished reports and administrative letters concerned with
well-site appraisals, damsite proposals, drainage problems,
and incomplete well inventories have been made since the
late 1950's. Data and results of these earlier studies have
been used where applicable in this study.
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WELL- AND SPRING-NUMBERING SYSTEM

In this report wells and springs are designated by sym-
bols that indicate their locations according to the official
rectangular public land survey. For example, in the well
symbol 10/20-3M1, the part preceding the hyphen indicates
successively the township and range (T.10 N., R.20 E.) north
and east of the Willamette base line and meridian. Because
the report area lies entirely north and east of the base
line and meridian, the letters indicating the directions
north and east are omitted, except in the computer printout
of well records (appendix III, end of report). The first
number following the hyphen indicates the section (sec.3),
and the letter "M" gives the 40-acre (162,000 m2) subdivision
of the section, as shown in the diagram bhelow. The numeral
"1" indicates that this well is the first one listed within
suhdivision "M."

ML L0 SN L ASR A2 Ol o tas8c), 3

D C B A

B P G H

» 5!
M L K J

N 422 Q R

Well 10/20-3i1

As listed in appendix III, which is a computer printout
of selected wells in the study area, this well is designated
by the number 10N20EO3MOl. In the table, the wells are also
given numbers designating their latitude and longitude loca-
tions.



THE HYDROLOGIC ENVIRONMENT

The hydrologic environment is controlled naturally mainly
by climate, slope and shape of the land surface, and the
types of rock materials that occur beneath the land. Below
are discussed these various characteristics--and the activi-
ties of man--as they apply to the water resources of the
Toppenish Creek basin.

Climate and Precipitation

Hot, dry summers and cold, dry winters characterize the
climate in the Toppenish Creek basin. Daytime temperatures
generally range from 25° to 40°F (-4.0° to 4.5°C) in winter
to 75° to 95° (24° to 35°C) in summer. Because the basin
lies in the rain shadow of the Cascade Range, the annual
precipitation ranges from more than 50 inches (1,270 mm) at
the higher elevations in the western part of the basin to
about 7 inches (178 mm) at the lower elevations in the
eastern part.

Figure 2 shows the areal distribution of the annual pre-
cipitation in the basin as determined by the Pacific North-
west River Basins Commission (1969, p. 282), and figure 3
shows the percentage monthly distribution of average annual
precipitation.

Geology and Physiography

The Toppenish Creek basin is the western half of an east-
west oval-shaped geologic trough formed by folded basaltic
rocks and is partially filled with unconsolidated sediments
ranging from clay to coarse gravel. The major physiographic
features of the basin are shown in figure 1.

The geologic origin of the basin can be traced back about
20 million years to the Miocene Epoch. At that time, what is
now central Washington was a large plain extending from the
present position of the Cascade Range eastward into Idaho and
southward into Oregon. The plain resulted from millions of
years of fissure-type eruptions of basaltic lavas that today
make up the Yakima Basalt of the Columbia River Group. Near
the end of the volcanic activity, the area was deformed by
compression and the basalt flows were folded into ridges

10
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FIGURE 2.--Average annual precipitation in the Toppenish Creek basin.
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FIGURE 3.--Percentage monthly distribution
of average annual precipitation over
the Toppenish Creek basin. Values were
obtained by averaging the percentage
distribution at the following stations:
Yakima Weather Service Office, Rimrock
Tieton Dam, Sunnyside, Tieton Intake,
Wapato, and White Swan Ranger Station.

(anticlines) and troughs (synclines). Streams flowing from
the mountainous areas to the west and from the rising anti-
clines carried sediments into the synclines, forming the lower
part of the Ellensburg Formation. After the volcanic activity
ceased, deposition of the Ellensburg sediments continued in
the deepening troughs and in some areas eventually reached
thicknesses in excess of 1,000 ft (300 m). Continued deforma-
tion caused disruption and folding of the older parts of the
Ellensburg Formation, even as the younger parts of the forma-
tion were being deposited. During these processes the ances-
tral Yakima River established the course it follows today.

About 1 million years ago, during the Pleistocene Epoch,
a cooling climate caused extensive glaciers to grow in the
Cascade Range, and large volumes of melt water from the
glaciers carried rocks the glaciers had carved from the moun-
tains. The Yakima River, swollen with this melt water and
overladen with sediment, deposited coarse sand and gravel in
a broad alluvial fan whose apex is at Union Gap. The fan
extends southwesterly to the vicinity of Harrah, southerly to
a similar alluvial fan from Toppenish Creek, and easterly to
the present-day Yakima River.

12




The principal geologic units in the Toppenish Creek basin
are listed in table 2 (p. 36), along with a general summariza-
tion of their lithology and hydrologic characteristics. On
the basis of these characteristics, the major geologic units
have been subdivided into three hydrogeologic units as listed
in table 2; their areal distribution is shown in figure 15.

SURFACE-WATER RESOURCES

The principal source of surface water supplying the
Toppenish Creek basin is the Yakima River, which enters the
valley at Union Gap and flows southeasterly along the eastern
margin of the Yakima Indian Reservation (fig. 1). Gravity-
canal diversions from the Yakima River supply a ditch system
that provides about 93 percent of the irrigation water for the
lower eastern part of the Toppenish Creek basin--its major
agricultural area.

Besides the Yakima River, the perennial streams in the
basin are Toppenish and Simcoe Creeks that, combined with the
intermittent flows of Agency, Mill, Wahtum, and Hunt Creeks
(fig. 4), serve to drain the upper (western) one-third of the
basin. No other significant natural streamflow enters Toppenish
Creek in the lower (eastern) two-thirds of the basin.

Toppenish Creek and its upper tributaries originate in
the basalt foothills in the western part of the basin, at
elevations ranging from about 3,500 to 5,250 ft (1,070 to
1,600 m). After leaving the foothills, the streams converge
in the White Swan area, and from there Toppenish Creek flows
southeasterly and then easterly along the base of Toppenish
Ridge to the stream's confluence with the Yakima River.
Toppenish Creek gains water from abundant ground-water seepage
and irrigation return flow from the irrigated areas along its
lower course. The natural flows of Toppenish and Simcoe Creeks
and their tributaries are insufficient to irrigate most of the
lower part of the basin; hence, most of the irrigation water
has come from the Yakima River.

The following discussion describes the natural streamflow

in the Toppenish Creek basin and the changes in flow caused
by man-controlled diversions.
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Available Surface-Water Data

Basic data of varying lengths of record and quality are
available for streamflow gaging sites in the Toppenish Creek
basin. Figure 4 shows the locations of some of the sites and
indicates the type of data collected. Table 1 lists the
sites by downstream order number, and the periods of record
for each site are shown by bars. For those sites to which no
downstream order number has been assigned, the sites are
alphabetically coded. Appendix II (end of report) lists
monthly and annual discharge data for many of the sites for
entire periods of record.

By use of a computer statistical-analysis program the
long-term gaging-station record for the Toppenish Creek site
(12506000) was used to extend the shorter term record for the
gaging station on Simcoe Creek (12506500). These two stations
provide the nucleus for evaluating the natural streamflow
characteristics of the basin. For supplemental streamflow
data on smaller tributary streams flowing directly from the
uplands, four gaging stations were operated at the following
numbered sites (shown in fig. 4):

12506300. North Fork Simcoe Creek near Fort Simcoe
12506330. South Fork Simcoe Creek near Fort Simcoe
12506600. Agency Creek near Fort Simcoe

12507100. Mill Creek near White Swan

As shown in figure 4, three crest-stage gages also were

operated in the basin to record peak flood stages in small
drainage areas.
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TABLE 1.--Periods of surface-water data collection at sites in
the Toppenish Creek basin as shown in figure 4

Water years ending September 30

Niner
in fig.4 1900 1910 1920 1930 1940 1950 1960 1970
| [ [ [
12503500. Main Canal
(New Reservation Canal)
12504000. Wanity Slough
(0ld Reservation Canal)
A. Wanity Slough
B. East Toppenish drain
C. Subdrain 35
12505500. Marion Drain
12506000. Toppenish Creek
D. Toppenish Feeder Canal
12506050. Toppenish Creek tributary
BE. m==d0~==~msm—===e~=
F. Toppenish Creek
12506280. Rattlesnake Creek
12506300. North Fork Simcoe Creek
G. Simcoe Creek Flume
12506330. South Fork Simcoe Creek
H. Spring Creek +
12506500. Simcoe Creek T ® (; 'r
12506520. ---do---- | | ®
I. ==-=do==~-~ i ‘ ‘ +
J. North Fork Agency Creek ; i ; ; i.
K. Middle Fork Agency Creek | ‘ : ; e
L. South Fork Agency Creek ! i i 1.
12506600. Agency Creek | '
M. Simcoe Creek tributary 1 [ :.
N. ——cdo==-==~~-=r~—r- : ‘ ‘
v HEL e o T } ; “ 3
Tk Bl e e A 1‘ ?
[ T SR 1 ‘ B
12507000. Toppenish Creek e i ‘ o
R. Mill Creek : 1 ' »
12507100. ---do--- '
12507300. Toppenish Creek tributary
S. Toppenish Creek |
TP EO7 00 g ‘
T. Satus 2 pump
U. Satus West Lateral
V. Satus East Lateral
12507510. Toppenish Creek ®
| 1
Explanation: il Discharge record.
L] Discharge measurements.

Note:

Occasional flow measurements were made at some sites not listed--discharge
measured was direct return flow to the Yakima River.
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Streamflow Characteristics

Seasonal Variations

The streams in the uplands of the basin may have highly
variable flows throughout the year. This variability is
generally dependent upon the physiography, geology, and the
annual precipitation and temperature patterns that prevail
in the upper parts of the basin.

Peak runoff in the streams usually coincides with the
rapid melting of snow at low altitudes caused either by warm
Chinook winds--usually in January or February or by inflow of
warm, moist airmasses. The extensive flooding in January 1974
ig a disastrous example of this latter type of snowmelt.

A less spectacular--but perhaps more typical--example of
this peak-runoff phenomenon is shown by the data presented
in figure 5. The lower graph is the 1971 daily streamflow
hydrograph for the North Fork Simcoe Creek gage (12506300).
The middle graph shows the daily maximum and minimum tempera-
tures at a nearby representative weather station, and the
upper bar graph shows the daily recorded precipitation.

In early January temperatures were low, no precipitation
occurred, there was a substantial snowpack at low elevations
in the basin, and streamflow was, consequently, quite low.
Later in the month a warming trend began, precipitation began
as snow and later became rain in the low altitudes, and two
very high streamflow peaks resulted. A second and more pro-
longed period of high runoff occurred in April and May when
temperatures rose and generally remained well above freezing,
and the snowpack in the high parts of the basin melted and
rani obf

After May, streamflow progressively decreases, and approaches
a base-flow condition. Note the steady decline in streamflow
from May through August in figure 5. This base flow in
the upper part of the basin consists almost entirely of ground-
water seepage into the stream and is only incidentally supple-
mented by runoff from rainfall. The lowest natural streamflows
usually occur in late summer when ground-water levels are
declining, evapotranspiration is high, and rainfall is sparse.
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In the fall, as temperatures begin to drop, evapotrans-
piration also declines owing to plant maturity or killing
frosts, and precipitation begins to increase. Thus, the long
streamflow recession is checked, and the streams again begin
to rise. This general trend toward increasing discharge from
September into the fall is demonstrated by the hydrograph in
figure 5.

Areal Variations

Natural streams in adjacent basins generally have similar
but not identical flow patterns throughout the year. This
occurs because those factors which most affect streamflow
characteristics--physiography, geology and climate--are similar.

Figure 6 illustrates this concept by comparing a 2-year
average monthly runoff per square mile of drainage area from
Toppenish Creek (station 12506000, which includes diversions
into Toppenish Feeder Canal) to that from the combined drain-
age areas for the two gaged sites on the North and South Forks
of Simcoe Creek (stations 12506300 and 12506330). The bar
graphs show that the runoff per square mile of drainage area
from the Simcoe Creek basin consistently equals or exceeds
that of the Toppenish basin, because the mean annual precipi-
tation over the Toppenish Creek basin is only about 30 inches
(760 mm) as compared to about 43 inches (1,090 mm) over the
Simcoe Creek basin. However, the monthly streamflow pattern
for both basins is similar. (Note that for both basins the
highest monthly averages shown in figure 6 occur in May and
the second highest are in March.) Although the average stream-
flow at the Toppenish Creek station during the 2-year period
used for preparation of figure 6 exceeded the long-term average
at that station, the relative distribution of runoff by months
is demonstrated and is considered representative.

For comparison, figure 6 includes data for the 2-year
average monthly precipitation at the White Swan ranger station
(elevation 970 ft or 296 m) and at Tieton Dam (elevation
2,730 ft or 832 m) near Rimrock. The precipitation differences
due to elevation are evident. The Tieton Dam data were used
because no high-elevation precipitation data were available
from the Toppenish Creek basin for that period, and, by virtue
of similarities in altitude and terrain, the Tieton Dam values
should be generally representative of the precipitation in the
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upper Toppenish and Simcoe Creek basins. Note that five
consecutive months (November through March) had the highest
precipitation, but the highest monthly streamflows did not
occur until May--after the high-elevation snowpack melted.

The average precipitation at Tieton Dam for the 2-year
period ending September 30, 1972, was about 125 percent of
normal. If the normal 30 inches (760 mm) of precipitation
in the upper Toppenish Creek basin above the gaging station
is increased by 25 percent to about 38 inches (965 mm), then
the basin runoff for the 2-year period was about 33.4 percent
of total precipitation compared to about 29.6 percent expected
during years of "normal" precipitation. In that 2-year period,
about 104,000 acre-ft (128 million m3) of precipitation in
excess of the average fell in the basin upstream from the gage
site and about 49,000 acre-ft (60 million m3) of this excess
water left the basin as surface-water runoff. Apparently
because of the time of year when most of the precipitation
occurred, much of the above-average precipitation could not
be used by vegetation as evapotranspiration nor did it enter
the ground-water reservoir.

Flow Duration

A streamflow-duration curve graphically portrays flow
variability at a stream site for a specific period of past
time. For that period, it shows the percentage of time that
various flows were equaled or exceeded. The lower part of
the flow-duration curve is a significant indicator of the
quantity of water available in unregulated streams. Also,
the slope of the lower part of the curve is a good index of
basin storage, including ground-water storage--the flatter
the slope, the more abundant the storage in the basin.

Flow-duration curves for the stations on Toppenish Creek
near Fort Simcoe (12506000) and Simcoe Creek bhelow Spring
Creek, near Fort Simcoe (12506500), are shown in figure 7.
These curves show, for example, that at the Toppenish Creek
station streamflow was equal to or greater than 16 ft3/s
(0.45 m3/s) 90 percent of the time during the period 1944-72.
Conversely, the flow was less than 16 ft°/s (0.45 m3/s) 10 per-
cent of the time during the same period.
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The figure contains two curves for each stream--one
labeled 1910-23, and the other 1944-72. As mentioned on
page 14, the long-term record for the Toppenish Creek gaging
station was used to synthetically extend the Simcoe Creek
record period to 1944-72. Also, the streamflow data for Simcoe
Creek included water diverted through the Simcoe Creek flume.

The flow-duration curve for 1944-72 for the Simcoe Creek
station indicates that about 90 percent of the time the flow
was equal to or greater than 1.3 ft3/s (0.037 m3/s) or,
conversely, was less than 1.3 ft3/s (0.037 m3/s) about 10 per-
cent of the time. The relatively steep slopes of the lower
parts of the flow-duration curves for both streams indicate
that there is relatively little ground-water contribution to
flow in this part of the basin.

Frequency of Low Flows

The flow-duration curve, useful as it is for water-avail-
ability studies, does not indicate the sequence or frequency
of flows. This deficiency is overcome by flow-frequency curves
that show the average frequency, in years, at which specific
average discharges may be expected to occur. Thus, the low-
flow-frequency curve for a particular stream site shows how
often the average discharge for specific time increments may
be expected to be less than a selected discharge.

Families of low-flow-frequency curves for Toppenish Creek
near Fort Simcoe (fig. 8) and Simcoe Creek below Spring Creek,
near Fort Simcoe (fig. 9), were developed for five selected
time increments ranging from 7 to 183 days. In figure 8 for
Toppenish Creek, the 2-year recurrence interval intersects the
7-day low-flow curve at 14.5 ft3/s (0.411lm3/s). This means
that the average natural stream discharge may be expected to
be less than 14.5 ft3/s (0.411 m3/s) during any 7-day period
at intervals averaging 2 years. The probability of such an
event occurring in any future year is 0.5 (one chance in two)
which is the reciprocal of the recurrence interval.
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Usually, low-flow-frequency curves for perennial streams
are smooth and concave upward as shown in figure 8 for
Toppenish Creek near Fort Simcoe. The unusual shapes of the
7- and 30-day frequency curves for Simcoe Creek (fig. 9)
reflect geological differences within the basin and indicate
that the ground-water contribution to streamflow during the
annual minimum-flow period is very small. This is probably
because ground-water levels in Medicine Valley are low during
late-summer periods of low streamflow, and the shallow gravels
probably accept water from, rather than discharge water to,
the stream.

Floods

As previously described, two types of floods occur in the
Toppenish Creek basin--spring floods and winter floods.

Spring floods usually occur during April and May and are
a result of a general seasonal rise in air temperature that
melts the high-elevation snowpack in the basin. Often, this
flooding is prolconged (fig. 5), but generally it has a lower
peak magnitude than the "flashy" winter floods.

Information on the magnitude and recurrence frequency of
floods is contained in a report by Bodhaine and Thomas (1964).
Using the regional relation and methods described in that
report, flood-frequency curves were prepared for three sites:
Toppenish Creek near Fort Simcoe (12506000), Simcoe Creek
below Spring Creek, near Fort Simcoe (12506500), and Toppenish
Creek near White Swan (12507000). The curves are shown in
figure 10.

Winter floods result from the rapid melting of snow and
usually occur from December through March. The snowmelt is
caused either by foehn winds (locally called "Chinooks"--
formed of dry, warm air moving down the east slope of the
Cascades) or by warm, moist air from the Pacific Ocean. The
floods of January 14-18, 1974, were of this latter type; they
were especially damaging in the White Swan area, which was
completely isolated for several days. Appendix I (end of
report) contains small-scale maps on which the maximum extent
of the 1974 flooding in the basin has been approximately
delineated. Because the flooding was so extensive, the exact
area of inundation and the maximum discharge are unknown.
However, based on the maximum discharge of about 33,900 ft3/s
(960 m3/s) determined for Satus Creek near Toppenish (12508500),
the Toppenish Creek flood peak may have exceeded 28,300 ft3/s
(793 m3/s) .
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Note on figure 10 that a flcod on Toppenish Creek at White
Swan with an average recurrence interval of 100 years would
have a peak discharge of about 8,400 ft</s (238 m3/s)--a dis-
charge much less than that of January 1974. Undoubtedly, the
magnitude of that flood was much greater than any other flood
in the basin during this century. The recurrence interval of
the flood (the average period of time between floods of the
same discharge) is calculated to be greater than 100 years,
based on recurrence intervals of the floods in the nearby
Satus and Ahtanum Creek basins for the same period, as reported
by Longfield (1974).

Surface-Water Irrigation

Development and Diversions

The first irrigation in the Toppenish Creek basin was
in 1859, following completion cf several small irrigation
canals in the Fort Simcoe area. These canals diverted water
from Toppenish and Simcoe Creeks to Indian water users. In
1896 work was started on the 0ld Reservation Canal (now known
as Wanity Slough) to divert water from the Yakima River into
the lower Toppenish Creek basin--within areas a few miles
from the Yakima River. In 1905, the New Reservation Canal
(now known as the Main Canal) was completed to carry water to
the central parts of the agricultural area.

The annual rate of diversion from the Yakima River into
the Toppenish basin increased rapidly in the early 1900's.
As shown in figure 11, diversion into the Main Canal increased
from about 25,000 acre-ft (30.8 million m3) in 1905 to about
647,000 acre-ft (798 million m3} in 1935. Thereafter until
1972, the diversion averaged about 633,000 acre-ft (780 mil-
lion mf}, but fluctuated between extremes of 687,200 acre-ft
{847 million m3) in 1947 and 588,100 acre-ft (725 million m3)
iR Lo68 .

The average annual diversion through Wanity Slough prior
to 1924 was 67,100 acre-ft (82.7 million m3). However, the
yearly average was only 17,900 acre-ft (22.1 million m3) from
1925-72 and only 9,860 acre-ft (12.2 million m3) from 1960-~72.
In recent years, Wanity Slough has been used mainly during the
post-irrigation season as a carrier of water from irrigation
drains. During the irrigation season, this water is used to
irrigate land, both north and south of the city of Toppenish,
and the excess is allowed to flow into Marion Drain.
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Diversion into Toppenish Feeder Canal and Simcoe Creek
flume increased appreciably after about 1944. Figure 12
shows the annual diversions. Toppenish Feeder Canal averaged
about 8,400 acre-ft (10.4 million m3) annually prior to 1944
compared to 14,780 acre-ft (18.2 million m3) thereafter.
Prior to 1944, maximum and minimum annual dlver51ons, respec-
tively, were 11,300 acre-ft (13 9 million m3) in 1940 and
5,660 acre-ft (6.98 million m ) in 1930; for the period after
1944, maximum and minimum dlvers1ons, respectively were
21,210 acre-ft (26 2 million m ) in 1971 and 8,309 acre-ft
(10.2 million m ) in 1947. Average annual dlver51on in Simcoe
Creek flume was about 1,600 acre-ft (1.97 mllllgn m ) prior
to 1944 and about 2,600 acre-ft (3.21 million m~) thereafter.

During 1972, the total surface water diverted for irriga-
tion in the Togpenish Creek basin was about 679,000 acre-ft
(837 million m°). Total water used for irrigation (including
ground water) was about 700,000 acre-ft (863 million m3).
Below are listed the water sources and the quantities and
percentage contribution from each source during 1972:

Thousands Percent
Source of of

acre-feet Eotadl

Surface water:
Vakima River:

(a) Main Canal------—=—====—=—--- 647 .2 92..5

(b) Wanity Slough------------ 8.4 1852
Toppenish Creek via Toppenish

Feeder Canal-----~-=-vuecrccmcan- 19,8 258
Simcoe Creek via Simcoe Creek

flume------------"-"-"-"----"00:- 3.5 5

Ground water
{a) from wells in the basalt----- L7/l 2.5
(b) from wells in the valley
fill--------- e~ S5 5
Total (rounded)-- 700.0 100.0

30



DIVERSIONS, IN THOUSANDS OF ACRE-FEET PER YEAR

e3 T T T T g T T I
211 == L
=25
19 |— =
Toppenish Feeder Canal,
(diverts from Toppenish
Ve R Creek) \\\\ =
—20
15 )
13 |— =
=15
" ]
9 |- ’\/\/\\ . d
’l \ \ L 10
7l \// , \ A
5 Simcoe Creek Flume, =1
(diverts from Simcoe
Creek) g
G e e
Jav 4
1 1 fees il 204 et 0
1920 1930 1940 1950 1960 I970 1975

FIGURE 12.--Annual diversions of water from
Toppenish and Simcoe Creeks.

31

DIVERSIONS, IN MILLIONS OF CUBIC METRES PER YEAR



ACCUMULATED TOTAL SURFACE-WATER

INFLOW, IN BILLIONS OF CUBIC METRES 8
x L"J 0 10 20 30 40 50 60 @
w 1 ] | | | ] ] ] | | ] 1 W=
W 30 T T T T T 7 T T P g Y]
e 2 P 35-percent evapotrans- 35 =
= Wi %, piration and ground - 30
[ < - T water ] ulJ_
8 g & \OQ/ outflow — 30 Qm
N £ o
<< O @ o N LL.O
O S < o s
%020— \c,°°o‘/’ Oy i %6
» v L &7 3 %)
4 < & Q‘((‘/ o)) - 20 _J(D
IS r 7 ! 5 35
53 S 2 193272 ol S
& 7 L (65-percent outflow slope) e =l
o |10 / 1 -1 o
/N fca]
w2 7" 0 — 10 W
= ORO. L = =Z
< ~ ey N ! <
J=z 2o = oyt
g o | 23
= L—L‘ —— 1910-31(50- percent outflow slope) %9
= O )| | | | | | ! 1 3 O oOw
(<-(> 8 0 10 20 30 40 50 25
ACCUMULATED TOTAL SURFACE-WATER o

INFLOW, IN MILLIONS OF ACRE-FEET

FIGURE 13.--Accumulated total surface-water inflow versus
outflow in the Toppenish Creek basin, 1910-72.

Inflow and Outflow of Irrigation Water

Inflow to the irrigated areas from Toppenish and Simcoe
Creeks and the Yakima River diversion points, compared to the
return flow in drainage ditches to the Yakima River, shows
that during the period 1932-72 there was an average annual
water loss of about 35 percent of the total surface-water in-
flow. Figure 13 shows the relation between the cumulative
basin inflow and the basin-drain outflows for 1910-72.

(Data for 1913-24 were incomplete, and outflow values for this
period were estimated.) Figure 13 shows that for 1910-31 the
average annual loss was considerably greater--about 50 percent.
The difference in annual water-loss rates for the two periods
may be partly attributed to ground-water recharge in the early
years when excess water went into ground-water storage, rais-
ing ground-water levels to new, shallower positions.

From 1910 to 1931 about 10.3 million acre-ft (12.7 billion
m3) of water flowed into the basin, and about 5.2 million acre-ft
(6.4 billion m3) returned to the Yakima River. Of the 5.1 mil-
lion acre-ft (6.3 billion m3) remainder, about 3.8 million acre-ft
(4.7 billion m3) is estimated to have been lost to evapotranspira-
tion and ground-water seepage to the Yakima River. Rainfall for
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1920-31 was nearly 1 ft (0.3 m) deficient, and the estimated
evapotranspiration includes 0.2 million acre-ft (0.2 billion
m3) to make up for the rainfall deficiency. The remaining
1.3 million acre-ft (1.6 billion m3) of water most likely
entered into ground-water storage. This is discussed further
on page 40.

GROUND~-WATER RESOURCES

Data Availability and Methods of Analysis

Records of numerous wells were collected and analyzed dur-
ing this investigation. The records of the wells are given
in appendix III, and drillers' logs of wells are presented in
appendix IV. The location of selected wells are shown in fig-
ure 1l4.

Additional data on precipitation, evapotranspiration, and
diversion records were obtained from earlier publications and
from other agencies. Diversion records of the Bureau of Indian
Affairs provided some information on the amounts of water lost
from canals by seepage, and additional seepage measurements
were made during the present study. The locations of two of
these seepage-measurement sites are also included in figure 14.
Another seepage-measurement site was in the Satus Creek basin
and is not shown in the figure.

In order to evaluate the water resources of the basin,
which contains several distinct water-bearing rock units, a
general understanding was needed of how the entire aquifer
system functions and the quantities of water moving through
the system. As an aid to understanding the flow system, a
detailed water budget was developed. The development of this
water budget involved using measured and calculated or esti-
mated values of water movement to construct a flow-system
model that was internally consistent and reasonable in terms
of established hydrologic principles and hydraulic character-
istics of the types of rocks present.

In the following pages the individual water-bearing rock
anits are described in terms of their areal distribution
(shown in fig. 15), their hydraulic characteristics, water
levels, the movement of water they contain, and their present
state of development. For a summary of these characteristics
see table 2.
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EXPLANATION

Young valley fill. More than
50 feet (15 metres) thick, under-
lain in most places by old
valley fill ond in some places
by basalt.

Old valley fill. At or within 50
feet (I5metres) of land surface,
underlain eveywhere by basalt,

Basalt. At or within 50 feet
(I5metres) of land surface.
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TABLE 2.--Stratigraphic relationships and hydrologic characteristics of the geologic units in

the Toppenish Creek basin

Yakima Basalt

Maximum Hydro-
Geologic units thickness Origin and lithology geologic Hydrologic characteristics Remarks
(ft) units

Deposited by the Yakima River and Generally yield water freely. Spe- Potentially the most productive and
Toppenish Creek, consisting of cific capacities range from 14 to manageable aquifer, presently the
coarse gravel, sand, silt, and 58 (gal/min)/ft. least developed. 1970 pumpage

Alluvium 150 cemented gravel. Near base Young was about 5,900 acre-ft.
dgp?sxts are finer grained a?d valley
similar to Ellensburg Formation.
£ill
Touchet Beds 35 Varied lacustrine silts, clays, Very poor drainage characteristics, Not suitable for water supplies.
of Flint (1938) and fine sands. acts as a confining layer in some
areas.

Partially consolidated fluviatile- Yields water from upper and lower An important aquifer present over
lacustrine deposits. Conglomer- parts of the formation. Specific most of the irrigable acreage in
ate interbedded with sandstone, capacities range from 3 to 28 the Toppenish basin. Present use
siltstone, and gravel in upper (gal/min) /ft. is slightly greater than the
parts of formation. old alluvium. Potential for manage-

: 2 2 ment is not as high as alluvium

Pa:;;a:iit;OZ::;l::;e:l:;li: :;:t ety due to depths of aquifer and the

Ellensburg Formation 1,000 central part of the formation £ill presence of thick confining layers
K in the Ellensburg Formation. 1970

Partially consolidated coarse sand Lower aquifer zones are under pumpage was about 6,500 acre-ft.
and gravel interbedded with finer artesian pressure in the lower
sediments in the lower parts of parts of the Toppenish basin,
the formation. heads range up to several tens

Saddle Mountains Member Base interbedded with the Saddle Offast EREYMCLse auace
ol S Mountains Member of the Yakima
Basalt.
Priest Rapids Member Lava flows. Hard, dense basaltic Yields water mainly from interflow The most widely distributed aquifer
Jrm e — e over rocks. Individual flows range up zones which may compose 20 to 30 underlying the entire basin.
/ Mabton Interbed 1,200 to 100 ft in thickness. Interflow Basalt percent of the section penetrated Presently the most used aquifer

Vantage Sandstone Member
Undifferentiated basalt

._of Mackin (1961) J

=l

zones may be rubbly, and several
have fine-grained sediments of
variable thickness. Flows have
varying degrees of vertical joint-
ing, usually columnar though some
are more irregular.

by a well.
able, specific capacities range
from less than 1 to over 400, but
average about 16 (gal/min)/ft.
Near the margins of the basin the
basalt flows have been folded and
faulted. This structural deforma-
tion frequently reduces the aqui-
fers' capacity to transmit water
as the permeable interflow zone
become pinched off by folding or
displaced by faulting.

Yields are highly vari-

1970 pumpage was about 16,000 acre-
ft. Poor management potential due
to depths, and impracticality of
effecting recharge to the aquifer
system.




Young Valley Fill

Young valley fill, as the term is used in this report,
includes the alluvium and, at places, the upper part of the
underlying Ellensburg Formation (Smith 1903). Typical sections
of this aquifer unit are shown by schematic well logs in fig-
ure 16. The logs indicate that this aquifer unit reaches a
thickness of approximately 500 ft (150 m) near Wapato. The
upper part of the unit is alluvium consisting of silt, sand,
gravel, cemented gravel, and a coarse or bouldery basal gravel.
The lower part of this unit at places is composed of the perme-
able upper part of the Ellensburg Formation. As shown by the
schematic logs in figure 16, material in the upper part of the
Ellensburg Formation differs in grain size from place to place;
about the only generalization that can be made is that in areas
near the border separating the basalt from the old valley fill
(fig. 15) the upper part of the Ellensburg Formation is fine
grained and not conducive to large yields from wells. In the
east~central part of the basin, permeable materials extend to
greater depths, reaching a thickness of about 300 ft (90 m)
near Wapato and Toppenish.

Aquifer Characteristics

Yields of wells tapping the aquifers in the young valley
fill range from about 5 to more than 1,000 gal/min (0.3 to
63 1/s) and average about 30 gal/min (1.9 1/s). Specific capa-
cities range from about 2 to 58 (gal/min)/ft [0.4 to 12 (1/s)/m]
of drawdown and average about 10 (gal/min)/ft [2 (1/s)/m] of
drawdown. These statistics are somewhat biased due to the nature
of the wells sampled. Most wells are fairly shallow, 20 to 60
ft (6 to 18 m) in depth, and penetrate only a small part of the
saturated thickness of the aquifer. Many of these wells are
cased throughout their entire length, and all water has to enter
at the casing bottom. _These factors serve to reduce the yield
and specific capacity of these wells. On the other hand, several
wells that penetrate a greater saturated thickness and are
screened or perforated through substantial thicknesses of perme-
able materials have yields that average 700 gal/min (44 1/s)
and specific capacities that average 39 (gal/min)/ft [8 (1/s)/m]
of drawdown. Table 3 summarizes a comparison of the types of
wells tapping the young valley fill aquifer.
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TABLE 3.--A comparison of types of wells constructed in the young valley fill

Well type

Common use

Method of construction

Typical
specific
capacities
[(gal/min) /ft
of drawdown]

Remarks

Concrete ring
well (dug)

Sumps, irriga-
tion, and fire
protection

Concrete rings 36 to 60 inches
in diameter form the well
casing, usually the wells are
dug by a "clam shell" to an
average depth of 22 feet.

58

Low cost of construction. Depth is
limited, usually wells do not pene-
trate any cemented materials. Since
cemented zones commonly occur at 20-
to 30-foot depths in this aquifer
this restricts the areas in which
this type of well construction is
feasible to those in which the water
table is fairly close to land surface
during the periods the well is in use.
High potential for contamination from
surface water.

Screened or per-
forated-casing
wells (drilled)

Municipal and
industrial
supplies

A steel casing 6 to 24 inches
in diameter lines the well
bore. Adjacent to permeable
water-bearing materials, the
casing may be perforated or
‘slotted so that water may enter
the well, or a screen whose
openings are sized to match the
grain size of the water-bearing
material may be installed.

34

Expensive construction. May obtain water
from many zones at greater depths.
Generally safe from contamination by
surface water if the casing is not per-
forated or screened in the first 50 to
60 feet, and the surface casing is grouted.

Open-end casing
wells (drilled)

Domestic

A steel casing, usually 6 to 8
inches in diameter lines the
entire well bore. The well
obtains water only through the
open bottom of the casing.
Usually less than 100 feet deep,
but may be drilled to consid-
erably greater depths.

Low to moderate cost of construction
depending on depth. Can obtain water
from only one water-bearing zone.
Generally safe from contamination from
surface water if greater than 50 or 60
feet deep, and the surface casing is
grouted.




Water Levels

The upper surface of the ground water in the young valley
fill in late July and early August in recent years is shown
by the water-table contours in figure 17. Hydrographs in
figure 18 indicate that water levels annually return to approx-
imately the same upper limit at this time of the year. This
occurs when the water tables reaches the level of the drains.
Although the annual-high water levels in the young valley fill
have not changed significantly in recent years, there is con-
siderable areal variation in the amplitude of annual-high
water levels. Figure 19 shows the areal distribution of annual
water-level fluctuations in the aquifer.

One significance of the annual fluctuation is that it can
be used to estimate the amount of water that annually enters
and leaves this aquifer under present conditions. Aquifers
composed of sand and gravel commonly have about 20 percent of
their volume occupied by water. Calculations made using this
typical value (storage coefficient of 0.2) indicate that 120,000
acre-ft (148 million m3) of water annually enters and leaves
the aquifer.

Data were insufficient to permit determining the water
levels in wells tapping the aquifer prior to irrigation in the
early 1900's. Some evidence exists for a substantial rise in
water levels resulting from irrigation, but this evidence is
highly subjective. When the Toppenish city well (10/20-3M1)
was originally drilled in 1922 to a depth of 167 ft (50.9 m),
water~bearing material was reported first at the 67-ft (20.4 m)
depth; now, summer water levels are within 16 ft (4.9 m) of
land surface. More convincing evidence is that shown by the
historic relations of inflow to outflow in the diversion and
drains during the development of the present irrigation system.
During the period 1910-31, about 1.3 million acre-ft (1.6 bil-
lion m3) of water (p.33) apparently entered into storage in
the young valley fill, though some of this total probably
entered irrigated areas underlain by the old valley fill. If
a storage coefficient of 0.2 is assumed, this quantity of water
would be equivalent to an average water-level rise of approxi-
mately 50 ft (15.2 m) over about 130,000 acres (526 million m2)——
the approximate area presently irrigated. Although these calcu-
lations are not precise, they nevertheless account for a substan-
tial rise in water levels that apparently took place during this
time.
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Recharge to the Aquifer

Water enters the young valley fill over most of its upper
surface, except in the southern and southeastern parts of the
basin, where water enters the bottom of the aquifer from the
underlying older valley fill. The water infiltrating the
surface is primarily irrigation water, added to the ground
water through application on fields and by leakage from canals,
ditches, and streambeds. Paired measurements along three
reaches of canals (fig. 4) in those parts of T.1l1] N., R.18 E.,
T.31 N., R.19 E., and 7.9 N., R. 21 E., where the channel
bottoms were above the ground-water table, showed an average
rate of loss of 1.5x107° (ft/s)/ft? [0.46x1072 (m/s)/m?] of
channel bottom, with the values ranging from 1.1x107° to 1.7x10°5
(ft/s)/ft2 [0.34x1072 to 0.52x107° (m/s)/m?]. The average value
might be used to evaluate the potential for recharging the
aquifer through canal and ditch bottoms by simply multiplying
the number by the square feet of wetted channel bottom in an
area. However, because ditch and canal bottoms tend to become
sealed due to silt accumulation, this loss rate is rather low.
In designing a recharge system the average value could be used
to determine the minimum areas of channel bottom that provide
given rates of recharge. For several natural stream channels
in other parts of the United States, in places where flow
variations prevent the buildup of silt, rates of seepage loss
have been measured or calculated as follows:

Seepage loss

River Ref
[(ft/s)/ftz] eference
Arkansas River 2.17x10-5 Moore and Jenkins (1966)
in Colorado 2.635x10°5
Little Plover River 4.55x107° Weeks, Ericson, and
in Wisconsin 6.2x10"5 Holt, Jr. (1965)
Miami River in Ohio 6.38x10°© Walton, Hills, and
Grundeen (1967)
Walla Walla River in 1.55x107° R. A, Barker and R. D.
Washington Mac Nish (written
commun., 1974)
Chemung River in 3.lxlO-5 Mac Nish, Randall, and
New York Ku (1969)
5

Potowamut-Wickford area 2.63x10 Rosenshein, Gonthier,
in Rhode Island and Allen (1968)
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The foregoing indicates that if methods were employed
to prevent or reduce siltation of the channel beds the seep-
age or recharge rate might be doubled.

Diversion records for the Main Canal show that the
difference between the total water diverted from the Yakima
River and the quantity passing points of diversion from the
Main Canal is about 21,000 acre-ft (26 million m3) a year.
Although a small part of this quantity is lost to evaporation
from the canal surfaces, about 20,000 acre-ft (25 million m3)
is lost through seepage to the young valley fill aquifer.

Another means of evaluating recharge rates is to compare
the irrigated acreage with the change in storage in this
aquifer during the period March-July, when the young valley
fill becomes saturated each year.

Approximately 78,000 acres (316 million m2) are irrigated
in the area underlain by the young valley fill east of the
Main Canal and Harrah Drain. The quantity of water going
into storage annually is about 120,000 acre-ft (148 million m3),
mostly during March-June. This is a minimum estimate because
it is based on the assumption that no water is discharged from
this part of the aquifer from either drains or subsurface flow:
certainly, both do occur. Based on records for the period
1969-72, a comparison of the annual diversion of_the Main Canal
(which averaged 633,000 acre-ft or 780 million m~ per year
during that period) to that diverted up to July 15 (average
356,000 acre-ft or 439 million m3) im<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>