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

Multiplty By To get
inches 25,40 millimetres {mm)
2.540 centimetres {(cm}
Feet (Tt) 0.3048 metres {m)
Miles 1.609 kilomstres (km)
Acres 0,004047 square kilometres (km2)
Square miles (mi2) : 2.690 square kilometres (km?)
Acre-feet (acre-ft) 1234.0 cubic metres {m3)
Cubic feet per second 0.02832 cubic metres per second
(f13/s) {m3/s)
Gallons per minute 0.06309 litres per second {1/s}
{gal/min} 3.785 litres per second (/min}
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WATER IN THE METHOW RIVER BASIN, WASHINGTON

By Kenneth L. Walters and E. G. Nassar

INTRODUCTION

This report on the Methow River basin is the second in
a series that describes results of studies of the hydrologic
conditions in major river basins in Washington State. During
this study—as in the first of the series, which pertained to
the Okanogan River basin—existing data were interpreted 1o
define (1) the amount of water available, {2} the quality or
usability of the water, and ({3} the frequency of seasonal
water shortages and surpluses,

Existing records of hydrologic conditions provide
considerable information on the availability and use of
water in the Methow River basin, Such records, however,
comprise virtually raw data scattered among several sources
compiied over the years in differing formats and by several
agencies with various approaches and goals. This report s
the result of the collection, summarization, and interpre-
tation of the readily available water information on the
basin, for use in developing, protecting, and managing the
area’s water resources. .

This report comprises three parts: Part A is a self-
contained generalized report presenting basinwide informa-
tion, and it also serves as an introduction to, and summary
of, Part B, which is a more technical presentation of
information on the hydrology of specific parts of the basin.
Part C presents tabulations of the basic hydrologic data
collected throughout the basin since the early 1900's. Part
A contains certain estimated values without qualification or
substantiation, whereas Parts B and C include the basic data
and the interpretations and assumptions used to make the
estimates,

The U.S. Geological Suryey prepared the report as part
of a program of studies in cooperation with the State of
Washington Department of Ecology. The studies provide
scientific information needed by the Department to ef-
ficiently and wisely manage the water resources of the
State.

PART A: GENERAL HYDROLOGIC CONDITIONS

Description of the Basin
The Land, Climate, and People

The Methow River basin lies immediately south of the
Canadian border in the northeastern part of the Cascade
Range, between the crest of the Cascade Range and the
Okanogan River basin {fig. A1). The basin occupies most of
the western one-third of Okancgan County in eastern
Washington and covers an area of 1,794 sq mi {square
miles).

The Methow River main stem flows southeasterly for
about 60 miles to the Columbia River at Pateros. The main
stem is formed by the confluence of the West Fork Meathow
River and Robinson Creek, and is joined a short distance
downstream by Lost River. The principal tributary streams
are the Chewack River (drainage area, 525 sg mi) and the
Twisp River {drainage area, 247 sq mi}. The Chewack River
originates near the Canadian border and flows aimost due
south for about 36 miles to the Methow River at Winthrop.
The Twisp River originates near the crest of the Cascade
Range and flows southeasterly and easterly for about 27
miles to the Methow River at Twisp. '

Except for the floor and adjacent river terraces of the
downstream reaches of the major valleys, the Methow River
basin is mostly mountainous. The mountains along the
basin boundaries range in altitudes from about 7,000 feet
to about 9,000 feet above mean sea level, The mouth of the
Meathow River is ai Pateros at an altitude of 778 feet.

The climate of the Methow River basin is characterized
by great variations in temperaiure and precipitation from

place to place (fig. A2). In general, the greatest precipita-
tion and lowest temperatures occur in the higher moun-
tains. Some localities near the crest of the Cascade Range
receive more than 80 inches of precipitation a year {(fig.
A2}, while the valley floor near Pateros receives only about
10 inches a year, Average annual precipitation for the entire
basin is about 32 inches (U.S. Weather Bureau, 1965). At
the station of the U.S. Weather Service at Winthrop (fig,
A2}, the highest recorded yearly temperatures during the
period 1921.70 ranged from 34°C (Celsius) or 93°F
(Fahrenheit) to 41°C {106°F) and averaged 38°C {100°F),
and the lowest yearly temperatures during the same period
ranged from -17°C (1°F) 1o -44°C (-48°F), and averaged
-28°C (-19°F). The highest temperatures usually occur in
July and the lowest in January. The frost-free growing
season in the central part of the Methow River vailey is
normally from about mid-May to mid-September. Tempera-
tures at higher altitudes in the basin have not been
recorded, :
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Much of the basin is forest covered and devoted to
forest products and cattle grazing, or is designated as a
wilderness recreational area (Pasayten Wilderness), Farming
is restricted to the more fertile valley bottom lands and
adjacent river terraces, and irrigation—chiefly of orchards—
is practiced extensively. [n essence, the Methow River basin
is unique; the basin is one of the most pristine in the State,
as there has been little manmade modification of the
streams, and the population is not large—about two people
per square mile. It should be noted that over 50 percent of
the economy of the area is generated by the extensive
wildlife and fisheries resources which provide the basis for
the recreation or tourist trade.

The population of the Methow River basin js con-
centrated principally on the main-stem valley floor between
Mazama and Pateros. The 1971 population of the incorpo-
rated towns and cities of the basin was as follows: Twisp,
777, Pateros, 486; and Winthrop, 340. Stightly more people
five in the towns than in the remainder of the basin.

Geology, Vegetation,
Agriculture, and Recreation

The bedrock of the Methow River basin is exposed or
only thinly covered everywhere except beneath, or im-
mediately adjacent to,the floors of the major valleys {pl. B9
in part B). Granite is the most common type of bedrock,
but a wide variety of other igneous, metamorphic, and
sedimentary rock types are also present. The rocks are
folded and faulted, resulting in a complex pattern of rock
types of vastly different ages.

Several times during the Pleistocene Epoch or *ce
Age” glacial ice covered the entire basin except for some of
the highest peaks. Upland arsas of the basin were
periodically scoured and rounded by the action of the ice,
and mantled by relatively thin glacial deposits left behind.
In contrast, thick accumulations of clay, sand, and gravel
were deposited along the lower slopes and bottoms of the
major valleys. In many parts of the basin where drainage
was diverted, large blocks of ice were buried; when this ice
melted, many lakes were formed in the resulting depres-
sions. According t0 Wolcott {1964}, the Methow River
basin contains 184 lakes and ponds ranging in surface area
from a fraction of an acre to 192 acres. Today, many of
these lakes are well known as good fishing grounds and
often yield limits of trout and whitefish. Some of the better
known fishing lakes are Pearrygin, Moccasin, Davis, Patter-
son, Big Twin, and Little Twin.

Since the disappearance of the glaciers, the many rivers
and smaller streams of the Methow River basin have eroded
and redeposited some of the glacial deposits. [n many parts
of the basin this erosional-depositional process is still active.

About 75 percent of Methow River basin is forested
with trees of commercial value (Berger, 1962). Douglas fir,
spruce, and lodgepole pine are the most common trees at
moderate aititudes, Ponderosa pine occurs at lowsr alti-
tudes adjacent to the nonforested iowlands, and noncom-
mercial smaller trees, shrubs, and grasses occur mostly at
the highest altitudes.

" Agriculture is one of the principal contributors to the
economy of the valleys in the Methow River basin. Apples
and pears once were the principal crops of the Twisp River
valley and of the Methow River valley south of Twisp, but
the extremely low temperatures that prevail during the
winter months repeatedly have caused extensive damage to
the orchards. The latest widescaie damage occurred during
the winter of 1968 when temperatures as low as -46°C
{(-81°F) in places ruined hundreds of acres of orchards; as a
result of this many farmers have gone out of business or
have changed to differant crops.

There are 37 recreation sites in the Okanogan National
Forest which in 1970 showed a maximum daily use by
about 3,200 persons, Following the opening of the North
Cross-State Highway in September 1972, an increase in use
of recreation facilities of at least 500 percent is anticipated,
and more facilities will be needed. A ski area is located
about 10 miles east of Twisp. Another ski-area develop-
ment, perhaps quite large, is being planned at Sandy Butte
west of Mazama; however, the anticipated opening of this
facility is § or 10 years in the future. In addition, a
substantial amount of land subdivision for recreationa
property is underway, with plots, commonly advertised as
“ranchettes,” being usually 5 to 40 acres in size and
generally near a river or its tributaries. Notable subdivisions
are along the main stem of the Methow River, the Twisp
River, and Foggy Dew Creek.

Hunting is good throughout most of the Methow River
basin. Perhaps the best mule-deer hunting in the State can
be found in some parts of the basin, and at the higher
altitudes there are significant numbers of mountain goats,
For the bird hunter, the concentration of the blue grouse
population is said by some to be the greatest in the western
United States. Other birds found in sufficient numbers for
successful hunting are valley quail, ruffled grouse, sharptail
grouse, Chukar partridge, and pheasant. Two rare and
endangered species that retain significant footholds on
survival in the area are Harlequin ducks, which nest in and
near marshy, damp areas, and whitetail jackrabbits, which
can still be seen by the observant eye.

Fishing also attracts many sportsmen throughout the
Methow River basin. Fishing in the Chewack River drainage
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is quite good. The main stem is planted with migrant
steelhead and the catch is excellent. In addition, there is
extensive planting of legal-size rainbow trout for immediate
catching. There also is a good return of king salmon and
occasional sockeye. Fishing in the Methow River drainage
above Winthrop also is generally good. Large numbers of
legai-size rainbow trout are planted and the catch is
significant, Steelhead are generally caught in the main stem
and there is a good return of salmon—especially kings. The
southern part of the Methow River basin also attracts
fishermen. Rainbow trout are planted in the Methow and
Twisp Rivers, and in Beaver and Gold Creeks. There is a
good steethead return due 1o planting ot migratory fish in
the Methow and Twisp Rivers and a significant number of
king salmon also return. Lake fishing also is usually quite
productive in this area. Big Twin, Little Twin, Davis, and
Moccasin Lakes all are known as good producers of trout
and whitefish,

Hydrology of the Basin

Precipitation in the form of rain and snow is the source
of virtually all' fresh water in the Methow River basin. The
quantity of water from precipitation that becomes available
for streamflow, storage in lakes and surface reservoirs, and
recharge to ground-water aquifers is reduced by evaporation
from surface-water bodies and transpiration by plants
{combined under the term “evapotranspiration”). Evapo-
transpiration has first access to precipitation soon after it
falls {at the land susface or as soHl moisture}, and under arid
conditions evapotranspiration may claim the entire amount.
Evapotranspiration also takes its toll as water moves
through the basin, whether the water moves in stream
channels or underground within the root zone of plants,

While a large part of precipitation remains as winter
snowpack for several months before the melting process

- begins, some of the rainfall that escapes evapotranspiration

may remain in the basin only a very short time before
leaving as stream runoff. Also, some rainfall may percolate
downward to recharge the ground-water body, where it
might remain for periods ranging from a few days to
centuries. Still another part of the precipitation may be
stored temporarily in lakes or reservoirs to be discharged
later as streamflow. The hydralogic cycle, or the process of
the exchange of water between the garth and atmosphere, is
diagrammatically iliustrated in Figure A3,

Ground and surface water and soil moisture are related
in ways other than by their common source, precipitation,
Streams flowing over permeable materials lose water to the
ground-water body if the stream level is above the adjacent
water table. This recharge of the ground-water body may
occur naturally, or may be induced by lowering of the
water table near the stream by pumping from wells. On the
other hand, if the water table is higher than the stream
level, ground water discharges into the stream channels: this

1Locaéiy, the surface water or topographic divides may not co-
incide exactly with the ground-water divides, and minor amounts
of ground-water migration may ocour between adjacent topographic
basins.

ogceurs in much of the Methow River basin and sustains the
flow of the streams during the dry summer and early-fall
months,

Precipitation and inflow

The mean annual precipitation over the Methow R iver
basin, based on records for 1930-57 {U.S. Weather Bureau,
1965), is estimated to be 32.1 inches, or about 3 miltion
acre-feet, of water. Annual precipitation during 1922-70
averaged 13.58 inches near Winthrop, and during 1920-61
averaged 17.54 inches at Stockdiil Ranch near Twisp.
Precipitation patterns at the above two stations are de-
picted in figure A4,

Although no U.S. Weather Service stations are main-
tained in the high mountains, precipitation there locally
exceeds 80 inches annually (fig. A2).

Average precipitation during the growing season
{April-September), for the period 1931-60, is 4.57 inches
near Winthrop and 5.20 inches near Twisp. Because of
cooler temperatures at the higher aititudes, the moun-
tainous regions of the basin receive more of their precipi-
tation as snow, which remains on the ground until [ate
spring, before melting and running off to the streams. Thus,
the mountainous regions contribute a major part of the
water for the basin during the growing season.

Ground-water inflow into the basin is considereg
insignificant as it is limited to the areas along the
topographic divide, where the rocks are of very low
permeability,

Surface Water

The Methow River basin is composed of three major
subareas, the Chewack River drainage, the Methow River
upstream from Winthrop, and the southern drainage.

Chewack River drainage.—The Chewack River drainage
contains the Chewack River and its tributaries which drain
the northeastern part of the hasin from the Canadian
border to Winthrop. Although the Chewack River drains
more area than does the Methow River above Winthrop, it
discharges considerably iess water than the latter, because
its basin receives considerably less precipitation. Qver the
Methow River drainage above Winthrop, annual precipi-
tation ranges from 15 to 80 inches, while over the Chewack
River drainage precipitation ranges from 15 to 35 inches
{fig. A2).

In the Chewack River drainage there are 61 lakes and
ponds, with a total surface area of 581.2 acres (Woicott,
1964, p. 344-388), Of these, three lakes (an unnamed [ake
2.8 miles north of Winthrop, Pearrygin Lake, and Biack
L.ake} have a total area of 301 acres: the remaining 58 lakes
and ponds range in size from small puddles to 19.9 acres.
Thirty-three lakes fie at altitudes hetween 5,000 and 7,400
feet and 28 are between 1,880 and 4,169 feet.

Most of the Chewack River water that is used for
irrigation is diverted from the river below its confiuence
with Boulder Creek, and the major part of this water—
87.11 ¢fs {cubic feet per second) as measured August
31-September 1, 1971-is used to irrigate farms south of
Winthrop. The diverted water is carried through the
Chewack Canal, and the Skyline, Jones-Bouider, and Fulton
Ditches. A comparatively small diversion is made from
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FIGURE A3. Diagrammatic sketch of the hydrologic cycle in the Methow River basin.

Eightmile Creek—by way of Eightmile Ditch—about a
quarter of a mile above its mouth.

Methow River upstream from Winthrop .~The Methow
River drainage upstream from Winthrop includes the West
Fork Methow River, Lost River, Methow River, Early
Winters Creek, Goat Creek, and Wolf Creek, which drain
most of the northwestern part of the basin from the crest
of the Cascade Range to Winthrop. The drainage also
contains 36 lakes and ponds, which have a total area of
167.4 acres (Wolcott, 1964, p. 343-376). Six of the lakes
range in area from 9.0 1o 20.9 acres and 30 are under 6.6
acres. Twenty-one lakes and ponds lie at altitudes between
8,000 and 7,100 feet, 13 are between 4,100 and 5,850 feet,
and two are between 2,000 and 2,860 feet, Patterson Lake,
among others, is considered an excellent fishing lake.

As of 1871, six ditches carry the bulk of water, 93.77
cfs as measured during August 25-27, 1971, diverted from
the Methow River upstream from Winthrop. However, this
water is used to irrigate land both upstream and down-
stream from Winthrop. The ditches include (1) the Early
Winters Ditch, which diverts from Earty Winters Creek, {2)

the Kumn-Holaway, McKinney Mountain, and Foghorn
Ditches, and a ditch diverting below Weeman Bridge, all of
which divert from Methow River, and {3) a ditch diverting
from Patterson Lake. The main source of water in Patterson
Lake comes by way of a ditch from Wolf Creek, the head-
works of which is about 3 miles northwest of Patterson
l.ake,

Sauthern drainage.—This drainage includes the Twisp
River, Beaver Creek, Libby Creek, and Gold Creek, which
drain most of the southern part of the basin, from
Winthrop to Pateros. Twisp River, the second largest
tributary stream in the Methow River basin, has a drainage
area of 247 square miles and flows southeasterly from the
Cascade Range to the Methow River near Twisp. Annual
precipitation over the Twisp River basin ranges from more
than 80 inches along the crest of the Cascade Range to
about 15 inches at Twisp.

This part of the Methow River basin—excluding the
Twisp River basin—contains 47 lakes and ponds which have
a total area of 784.8 acres. Alta, Paterson, Big Twin, Little
Twin, and Davis Lakes cover 470.7 acres, or 60 percent of
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FIGURE A4, Annual precipitation patterns at two locations in the Methow River basin.

the total lake area, The remaining 43 lakes range in area
from less than T acre to 33.1 acres, Eighteen lakes are at
aftitudes between 4,000 and 7,000 feet and the remaining
29 are between 1,163 and 3,400 feet,

The Twisp River basin has about 40 iakes and ponds,
which have a total area of 237.7 acres. The lakes range in
surface area from an acre to 27.1 acres. Four lakes are
located at altitudes between 1,950 and 4,000 feet and the
remaining 36 are between 4,800 and 6,900 feet,

Four smali ditches diverting water from the Twisp
River and one canal diverting water from the Methow
River, supply the irrigation needs in the Twisp River basin
and south along the Methow River valley to the vicinity of
Carlton, The one diversion from the Methow River {as of
1971} carries over 84 percent {519 cfs) of the combined
total (61.5 cfs) of the four small ditches. Of the four small
ditches, the Twisp Power Ditch and Twisp-Methow Valley
Irrigation District Ditch carry considerably more water than
the Elmer Johnson Ditch and an unnamed ditch which
diverts from the Twisp River just downstream from Poor-
man Creek, )

The area northeast of Twisp is drained by Beaver Craek
whose basin receives between 15 and 25 inches of precipi-
tation annually (fig. A2). Water from Beaver Creek is used
extensively for irrigation, both through ditches and pump-
ing directly from the stream; the total amount of diversion
is not known. The flow measured in 1971 in one ditch was
2.25 cfs.

The extreme southern part of the Methow River
basin—south of Carlton—is drained by Libhy, Gold, Mc-
Fartand, Squaw, and Black Canyon Creeks. Precipitation
over the basins of these streams ranges from 10 inches along
the Methow River to 50 inches on the high mountain slopes
{fig. AZ}. The combined diversions from Libby and Gold
Creeks were 5.78 cfs in 1871, The total acreage irrigated in
this area is about the same as that in the Beaver Creek
basin.

Streamflow patterns.~The high- and low-flow periods
of streams in the Methow River basin are distinctly
separated. As discussed in part B of the report, the
high-flow pericd extends from April through July and the
fowflow period from August through March. Gaging
stations with representative discharge records show that dis-
charges during April through July are about four times
those of August through March or 80 percent of the annual
runoff. Total average discharge during May and June alone
is 76 percent of that during the entire high-flow period.

The high flows result mostly from the spring melting of
the winter snowpack, along with spring rains. While
precipitation in the hasin is practically confined to the

. period Qctober-June, most of it occurs as snow during the

colder period November-February., Warmer temperatures
starting in April initiate melting of the snowpacks and the
beginning of the high-flow period. Rains concurrent with
the thaw constitute a minor contribution during the
high-flow season.

Streamflow during the months September-February
consists of flow derived mainly from seepage into the
stream from the ground-water reservoir.

The Ground-Water Reservoir

Alluvial and glacial deposits, ranging from only a few
feet to several hundred feet in thickness, constitute almost
the entire ground-water reservoir in the Methow River
basin. The deposits occur in greatest thickness principally in
the bottoms and along the lower stopes of the major
valleys. Sand and gravel layers in these deposits comprise
the principal aquifers vyielding appreciable quantities of
water to wells, but silt, clay, and glacial till are important as
confining beds.

Bedrock consisting of a wide variety of granitic,
metamorphic, and sedimentary rock types underlies the
alluvial and glacial deposits or is exposed at the surface. The
bedrock can be regarded as the floor of the ground-water
reservoir, although fracture and joint zones, where satu-
rated below the water table, locally may yield small
quantities of water to wells and springs.

The general availability of ground water is indicated in
figure AB, As the map shows, ground-water supplies
sufficient for domaestic use can be obtained from sand and
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FIGURE AB, Areas {shaded) in the Methow River basin where ground
water occurs in sufficient quantity for domestic and

irrigation use,

gravel only along rajor streams. In areas where saturated
deposits are sufficiently thick and permeable, ground-water
supplies are adequate for irrigation. In the bedrock out-
crops along slopes and in the uplands, ground-water
supplies are meager and generally inadequate even for stock
or domestic use.

Evapotranspiration and Qutflow

Water leaves the Methow River basin as streamflow and
subsurface flow, and by evapotranspiration. In maost river
basins, the amount of water that feaves the basin is subject
to less accurate estimation than that entering the basin
jargely because evapotranspiration cannot be defined as
closely as precipitation. However, because of the great
variation in annual precipitation within short distances in
the Methow River basin, the mean annual precipitation
perhaps can be determined no more accurately than evapo-
transpiration.

The amount of water that leaves the basin as stream-
flow is represented by that gaged near the mouth of the
Methow River at Pateros during the period 1803-20, and
8.7 miles ahove the mouth near Pateros during 1959-70.
The mean annual discharges at the two stations are about
1,200,000 and 1,100,000 acre-feet, respeactively.

The evapotranspiration rate is dependent on the
avallability of water and, except in irrigated areas of the
Methow River basin, cannot average more than the rate of
precipitation. During much of the growing season in
nonirrigated parts of the basin, soil moisture is deficient to
the point that there is very little water available for
evapotranspiration. At Winthrop, estimates of total seasonal
evapotranspiration from all sources for several types of
crops were made by Molenaar, Criddle, and Pair {1952) as
follows: alfalfa, 23.5 inches; grass pasture, 22,1 inches;
small grains, 16.4 inches; orchards, 19.3 inches; and
potatoes, 19.7 inches. According to maps prepared by the




HYDROLOGY OF THE BASIN 9

US. Weather Bureau and the U.S. Department of Agri-
culture {written commun,, 1962), the mean annual evapo-
transpiration from nonirrigated areas of the Methow River
basin ranges from about 8 to 16 inches. With average
evapotranspiration rates of 20 inches per year for the
15,000 acres of irrigated fand, and 12 inches per year for
nonirrigated areas, the total evapotranspiration for the
basin amounts to about 1,160,000 acre-feet per year. The
amount of water that leaves the basin as subsurface
underflow—precipitation minus surface flow and evapo-
transpiration—is about 740,000 scre-feet per year, or about
660 million gallons per day. The cross-sectional area and
transmissivity of the materials underlying the lower end of
the Methow River valley do not appear to be great enough
to accommodate such a volume, which suggests that either
the mean annual precipitation on the basin may actually be
fess than the assumed 32.1 inches, or the total evapotrans-
piration may be greater than was estimated.

Quality of the Water

All natural water contains chemical substances in
solution, with the type and concentration of substances
depending on the type of rock materials with which the
water has been in contact, Ground water commonly is in
contact with rock materials longer than is surface water
and, therefore, usually is more highly mineralized.

The chemical character of water in the Methow River
basin is known oniy from repeated sampling of the Methow
River near Pateros during July 1959-September 1970, and
from a few analyses of ground water. Chemical analyses of
the collected samples appear in tables C6 and C7, in part C
of the report.

Water of the Methow River at Pateros is of the calcium
magnesium  bicarbonate type, and is suitable for most
common uses. However, because different uses of water
require different standards of quality, the water quality
should be considered on the basis of intended use. For
example, water to be used in the home should have no un-
pleasant taste or odor, and should be free of.harmful
microorganisms. The mineral content of water used for
some industrial applications must be very Jow,

Adl water samples from the Methow River and the few
samples of ground water that were analyzed were within
the recommended standards set by the U.S. Public Health
Service (1862) for chemical quality of drinking-water
supplies.

The dissoived-mineral content {known technically as
the dissolved-solids content) of water in the Methow River
was fairly constant. The concentrations usualiy were in the
range of 75 to 125 mg/l dmilligrams per liter), with the
greatest concentrations usually occurring at times of low
flow. ‘

Water Temperature

The temperature of water in 2 stream is largely
influenced by the exposure to the sun, the volume of flow,
and the type of use that returns water to the stream.

Records of water temperature were collected con-
tinuously on the Methow River near Pateros (station
12449950) during the period October 30, 1968-October

31, 1870; the trends illustrated in figure AB represent a
typical yearty pattern. The daily maximum and minimum,
and monthiy average water temperatures were evaluated
from the record and are presented in table C8 in part C of
the report. Table C8 contains a list of air and water
temperatures obtained when discharge measurements, and
{or) inspections were made on various streams in the basin,
and on Alta Lake.

During the period October 30, 1968-October 31, 1970,
the water temperature of the Methow River near Pateros
fluctuated between 32° and 74°F or 0 and 23.58°C. The
daily’ temperature fluctuations, generally 2° to 10°F {1.1°
to 5.6°C), were largest during the period March-October,
when the greatest amount of anergy is received from the
sun. During the period November-February, daily fluctu-
ations in water temperature were as much as 6°F (3.4°C).
However, during the tast part of December, and the first
part of February, water temperature remained at or near
32°F (0°C).

Data are not available on temperatures on ground
water in the basin, However, ground-water temperatures are
usually about the same as the mean annual air temperature,
which is about 47°F {8.5°C) at Methow and 45°F (7.0°C)
at Winthrop. Figure A7 ilustrates the trends in air
temperature at Methow during the 1970 water year.

Floods and Low Fiows

Heavy winter snowpack and rapid springtime melting
are major causes of floods in the Methow River basin. A
typical flood results from the melting in late spring of the
snowpack accumulated in the winter months, However, the
magnitude of the flood depends primarily on weather
conditions prevailing subsequent to snow accumulation; the
historic flood of May-June 1948 exempiifies these con-
ditions, as described below.

Above normal precipitation between October 1947 and
April 1948 produced snowpacks also above normal. Air
temperatures during April and early May were below
normal; as a result, melting of the snow in high mountains
was delayed. Ailso, contrary to normal trends, the water
content of snowpacks increased during April and early May.
This was followed by sustained above-normal temperatures
after May 16. In addition, during May 1-29, precipitation
totals of 4.26 inches {3.30 inches above normal}, and 4.93
inches {3.97 inches above normal} were recorded at
Winthrop and Mazama, respectively. Thus, all the elements
favoring a major flood occurred.,

Figure A8 shows a comparison between weather con-
ditions and discharge for the period May 10-June 25, 1948,
including the flood on May 29, as recorded at the aaging
station on the Methow River at Twisp.

The flood of May 29, 1948 is believed to be the highest
in magnitude since that of 1894. The Methow River basin
was very sparsely settled before the turn of the century,
and therefore damage from the 1894 flood was probably
insignificant. However, the flood of 1948 caused consider-
able damage locally as it did over much of the Columbia
River basin. In the Methow valley it isolated the towns of
Methow, Twisp, and Winthrop, and six State highway
hridges were destroved or rendered unusable, Sections of
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the highway were washed out, and many orchards and
homes were completely destroyed. Eleven weeks elapsed
before the main highway was opened to traffic {US.
Geological Survey, 1949, p.9).

Information on the magnitude and frequency of
occurrence of floods in different areas of the basin is
essential to the design of flood-control structures and
bridge openings, and to the determination of channel
capacities, roadbed elevations, and flood-piain zoning. This
information is included in the technical part of the report
{part B).

The low-flow characteristics of the Methow River
basin, as for any basin, are of particular interest to the
planners of municipal and industrial water-supply projects,
and of projects dealing with fish propagation, supplemental
irrigation, waste disposal, and draft-storage studies—In fact
almost any water use. Unless low-flow characteristics of a
stream are fully understood, establishment of any diversion-
ary uses could result in {1) depletion of irrigation-water
supplies at times of greatest demand, (2) changes in water
volumes and temperature making the streams unfit for fish
propagation, and (3) decreased efficiency in the disposal

and dilution of liquid wastes. Low-flow characteristics are
discussed in detall in part B,

The low-flow period of streams in the Methow River
basin extends from August through March. Although most
streams are perennial, streamflow during the low-flow
period amounts only to about 20 percent of the total
annual flow, as shown by records ¢oliecied on the Methow
River and Beaver Creek,

Low-flow frequency and flow-duration curves, dis
cussed in part B, were employed to assess the Jow-flow
characteristics of streams in the study area,

Use and Management of the Water

The streams and lakes in the Methow River basin are
used for recreation, irrigation, fish propagation, and miscel-
laneous industrial purposes including lumber processing. By
far, irrigation has been the most important withdrawal use
of surface water, with about 106,000 acre-feet being
diverted annually for this purpose. During 1971 the total
withdrawal of surface water was approximately 108,600
acre-feet, and withdrawal of ground water was about 5,200
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acre-feet.? Most of the ground water is used for irrigation
and industrial purposes. Onty 0.5 percent—entirely from
ground-water sources—of all the water used in the basin is
for public supply. The relative importance of surface and
ground water as sources of supply, and the relative amount
of each used in various purposes are shown in figure AQ.

GROUND WATER
Irrigation {2.5 %)

Public supply (0.5 %)
Industeial {28 W)
rOther uses (0.1 %)

Industric?
(7.5 %)

Irrigation
(87.3%)

8
URrace wik€®

FIGURE A8. Uses of surface and ground water in the
Methow River basin, 1971, Total quantity
used is about 115 acre-feet.

Although systems for conveyance of irrigation water
very in degree of efficiency, it is reported that the loss by
leakage from untreated earth canals and ditches in the
Methow River basin was about 35,735 acre-feet {45
percent) of 79,348 acre-feet entering that system (Pacific
Northwest River Basins Commission, 1871, p. 172). This
reported loss explains why about 100,000 acre-feet per year
is required from surface-water sources to irrigate only about
14,000 acres in the basin.

Upstream from Winthrop, water is diverted from the
Methow and Chewack Rivers and from Early Winters and
Wolf Creeks.® About 9 percent of this water is used for fish

2Based on field data and discharge measurements made
August-Cctober 1971, and appropriated water rights as recorded by
the State of Washington.

Swater diverted from Wol Creek is stored in Patterson Lake
from which it is released later during the irrigation season.

propagation and most of the remaining 91 percent is used
to irrigate about 5,000 acres, a large part of which is
downstream from Winthrop.

Between Winthrop and Twisp, additional diversions
from Bear Creek, Davis Lake, Methow River, and Twisp
River amount to about 50 percent of the diversions made
upstream from Winthrop. This diverted water, along with
that diverted upstream from Winthrop, is used to irrigate
about 7,400 acres north of Twisp and about 2,000 acres
between Twisp and the vicinity of Carlton (fig. A1).

In the Beaver Creek basin northeast of Twisp about
1,600 acres are irrigated by the waters of Beaver and Frazer
Creeks.

The land east of the Methow River and south of
Carlton is irrigated by direct pumpage from the Methow
River with about 3,000 acres being irrigated downstream
from Cariton. Land west of the river and downstream from
Carlton is irrigated by several diversions from Libby, Gold,
MecFarland, Squaw, and Black Canyon Creeks; suppiemental
irrigation water comes through direct pumpage from the
Methow River or from shaliow dug wells close to the
Methow River.

About 1,000 acres in the Methow River basin are’
irrigated from ground-water sources. in some areas located
near the ends of canals and ditches, ground water is used
only because the surface-water canals are not dependable.
Ground water also is used for public supply, domestic and
stock supply, and industrial supply. About 12 percent of
the total ground-water pumpage is for domestic and public
supplies, 47 percent is for irrigation, and 41 percent is for
industrial supply, namely fish propagation,

The bulk of the water used for industries—mainly
lumber processing—comes from surface water. The major
industrial user is a lumber company in Twisp, which diverts
about 6,000 acre-feet a year directly from the Methow
River. '

Potential for Future Water Development

Large quantities of fresh water are available from both
surface- and ground-water sources in the Methow River
basin but some problems on availability do exist. The
basin’s average annual precipitation of 32.1 inches provides
a good supply for its streams which are well distributed
over the entire basin. However, irrigation diversions may
literally dry up some stream reaches in years of below
average summer flows,

Use of water did not vary appreciably for many years
in the past. Because of the easy access to surface water, as
of 1971, only about 6.2 percent of the water used comes
from underground sources.

Most of the fertile land in the basin can be irrigated
economically from surface water. Future improvements of
the canals and ditches, if made, will reduce the quantities of
water wasted and will allow irrigation of much more land or
the use of the water for other purposes. Although ground
water is presently used for irrigation of only about 7
percent of the irrigated land, in some places it is used as an
alternative because of the unreliability of some of the
ditches and canals.
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Information available on public-supply and residential
wells indicates that the yield from ground-water reservoirs
is good in areas adjacent to main streams, especially in that
part of the basin north of Carlton and south of Winthrop,
where the alluvium in the valley bottoms is probably several
hundred feet thick, Yields from city wells located in the
alluvial aquiters at Twisp and Winthrop are reported to be
in excess of 1,000 {(gallons per minute}. As recharge to the
alluvial aquifers comes primarily from streams, upstream

“diversions will have a direct bearing on water-table fluctua-

tions. Water levels will rise in areas near canals and ditches,
and will decline where streamfiow is diminished by up-

stream diversions,

With the opening of the North Cross-State Highway,
greater uses and demands of water are expsected to occur in
the Methow River basin, especially in the areas north of
Winthrop suited for various recreational developments,
However, in some mountainous areas much of this future
demand for water is not likely to be satisfied by local
streams and lakes or by readily available ground-water
supplies. Such demands woutld require comprehensive local-
ized studies to appraise the subsurface geology and avail-
ability of ground water, along with more detailed informa-
tion on the amount and variability of streamflow.
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PART B: TECHNICAL ANALYSIS OF HYDROLOGIC DATA

Surface Water

The first systematic measurements of streamflow in the
Methow River basin were made during July 1803—Sep-
tember 1820 with the establishment of a staff gage with
twice-daily readings on the Methow River about 1 mile
above the mouth at Pateros. Similar measurements, involv-
ing establishment of staff gages that were read once daily,
were made during October 1912—September 1813 on the
Chewack River at Winthrop, January—October 1912 on the
Methow River near Winthrop, and April 1920-September
1921 on the Chewack River just below Boulder Creek.

The first water-stage recorder was installed June 1919
at the gaging station on the Methow River at Twisp; this
station was operated continuously until September 30,
1962. In all, streamflow has been measured at 90 locations
on 49 streams, either continuously through the use of
water-stage recorders or intermittently by miscellaneous
discharge measurements. Miscellaneous streamfiow
measurements were made as early as November 1911 on the
Chewack and Methow Rivers near Winthrop, and on the
Twisp River at Twisp; since then most miscellaneous
measurements were made to check flow in irrigation ditches
and canals. Irrigation water was measured in 23 ditches and
canals 218 times, mostly during the period 1920—1943. In
1971, continuous streamflow records were being collected
on (1} Andrews Creek near Mazama, station 12447390,
which was established June 1968; (2} Methow River at
Winthrop, station 12448500, established August 1971; {3}
Beaver Creek below South Fork, station 12449600, estab-
lished April 1960; and {4) Methow River near Pateros,
station 12449950, established April 19568,

[ndirect measurements to determine the annual peak
flows have been made at nine crest-stage gage sites since the
mid-1850', and, following the 1948 historic flood, slope-
area measurements of peak discharge were made on the
Methow River and several of its tributaries. All crest-stage
gages listed in table C1, except those for Bear Creek and
Methow River tributary No. 1, are stili being maintained.
Also, altitudes of the surface of Alta Lake have been
monitored continuousty since November 1854,

Tables C1, C2, and C3 {in part C of this report} list all

the data-coltection sites, with their locations, drainage
areas, and lengths and types of records collected. Table C1
contains a complete record of all miscellaneous streamflow
measurements, including the indirect measurements; table
C2 contains a complete record of all miscelianeous
streamfiow measurements, inciuding the indirect
measurements; table C2 contain those measurements made
on irrigation diiches and canais; and table C3 contains
manthly and annual discharges at all gaging stations in the
Methow River basin. Daily discharge records through the
1965 water year for any of the gaging stations can be found
in U.5. Geological Survey water-supply papers. Records for
1966-70 are in annual reports entitled ‘“Water Resources
Data for Washington, Part 1.

The value of the miscelianecus measurements and {or}
short-term records collected in the Methow River basin is
realized in limited comparisons of discharges from different
tributary basins. For example, a8 comparison of that part of
the record coliected on Chewack River at  Winthrop
{number 40 on fig. A1} and Methow River at Winthrop
{number 41 on fig. A1) for the same period in 1912 is
shown in the table below.

The lower discharge of the Chewack River {drainage
area of B25 sg mi) relative to that of the Methow River
upstream from Chewack River {drainage area of 480 sq mi)
stems primarily from the difference in precipitation over
the two drainages. Precipitation over the Chéwack River
hasin ranges from 15 to 35 inches annually, compared to 15
to 80 inches over the Methow River basin above the
confluence with the Chewack River {fig. A2).

Percentages that are comparable to those in the above
table were noted from the pairs of miscellaneous measure-
ments made once yearty during 1911, 1913, 1915, and
1971, and twice during 1919. The percentages from the
measurements made in 1911, 1913, and 1915 are 58, B0,
and 59, respectively, and those from the measurements
made in 1919 are 32 and 43, respectively. Of the measure-
ments made in 1919, the pair giving the 32-percent ratic
was made during the peak of the irrigation season when
diversion in the Chewack Canal alone was measured to be
43.0 cfs {table C2). The increase to the 43-percent ratio

. Drainage o Monthly Mean Discharge During 1912 (efs)
Station Name Number on Aren B
Figure Al {s0. mi.) May June July Aug. Sept, Oct.
Methow River near Winthrop 41 1,007 4,250 3,050 941 459 364 285
Chewack River at Winthrop 40 ' 525 1,680 931 286 131 126 94.1
Methow River above Chewack River 480G 3,170 2,120 655 328 238 191
(discharge considered equivalent to
the difference between the above
two stations)
Percentage ratio of the monthly mean 34 44 44 40 53 49

discharge o0f Chewack River at
Winthrop to that of Methow River
above Chewack River. Effects from
upstream diversions are not ac-
counted for.
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could have resuited from reductions in diversion of irri-
gation water, as those measurements were made on Getober
2, 1919, when the irrigation season drew to a close. The
tow 29-percent ratio shown by measurements made Sep-
tember 25, 1971, may be analyzed on the same basis as
those made in 1919 that showed the 32-percent ratio; the
volume of irrigation water diverted from Chewack River
above Winthrop was measured at 87.11 cfs on September 1,
1971 (table C2),

Some of the streamflow characteristics that need
definition in the planning and development of surface-water
resources—besides the maximum and minimum discharges
of water available—are the frequencies and durations of
selected flood discharges and tow flows. The statistical tool
used to relate recurrence intervals to peak flows, mimimum
flows, or average flows for selected periods of time, is the
frequency curve, Construction of the frequency curve was
accomplished through a computer by use of the “Log
Pearson Type 11" distribution method. The use of this
method was recommended by the Water Resources Councit
{1967). Annual peak flows, iow flows, or average flows of
selected durations were analyzed statistically, and the
corresponding  frequency curves, relating discharges to
recurrence intervals, were computed and plotted.

It should be noted that recurrence intervals, as in ali
frequency studies, are averages and by no means imply any
regularity of recurrence, For example, a 25-year flood
occurring in any particular year may be followed by
another such flood the very next year, or not for perhaps
another 40 years. Thus, in the above example the intervals
are an average probability calcuated on a long-term basis. A
hetter concept of the recurrence interval is the probability
of oceurrence. For example, a discharge having 20-year
recurrence interval has a B-percent (reciprocal of the
recurrence interval) probability of being exceeded in any
future year.

Table B1 presenis a streamflow summary showing the
mean, maximum, and minimum monthly and annual
discharges recorded at four gaging stations having the
longest periods of record, For the station on the Methow
River at Twisp {12449500), the average discharge during
the fow-flow period of August through March is about 28
percent that of the average annual discharge and only about
12 percent of the average discharge during the high-flow
period of April through July. The average discharge for May
and June alone represents about 364 percent of that of the
average annual discharge. These relationships do not vary
appreciably for the other three stations listed in table B1.

The varying effects of temperature and precipitation
on streamflow are shown in figure B1. Here, monthly
average air temperature and precipitation, as recorded at
the Winthrop Weather Service station (fig. A1), are com-
pared with the frequency distribution of monthly mean
discharges having a 2-year recurrence interval for the gaging
station on the Methow River at Twisp {12449500).

As mentioned above, the high-flow period is shown 1o
occur during the period April through July. As the bulk of
precipitation, mostly in the form of snow, occurs during
the period October-March, the factor generating high flows
no doubt is temperature; streamflow starts fo increase in
April as temperature becomes high enough to initiate

metting of the snowpack and, as temperature continues to
rise, streamflow increases and reaches its peak during May
and June, By the end of July almost all the snow generally
has been melted, signaling the start of the low-flow seasan
which lasts through March of the following year.
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The frequency distribution of monthly mean discharge,
depicted in figure B2 for Beaver Creek below South Fork
near Twisp {12449600) and in figure B3 for the Methow
River near Pateros (12449950}, is similar to the flow
pattern described for the Methow River at Twisp
{12449500). (See figure B1.) However, the relative magni-
tudes of discharges for May and June are outstanding
differences, For Beaver Creek, the monthly average dis-
charge for May is larger than that for June probably
because its 62-square-mile basin is at a lower altitude than
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FIGURE B2. Frequency distribution of monthly mean
discharge of Beaver Creek below South
Fork, near Twisp {12449600), for the
period Oct. 1, 1959-Sept. 30, 1970.

the 1,301-square-mile basin of the Methow River upstream
from Twisp, and the average depth of snow is less. Also,
temperatures increase earlier and the snowpack melts in less
time. At the station on the Methow River near Pateros
(12440980}, average discharges in May are less than those
in June hecause between Twisp and Pateros some of the
initial flood runoff is held temporarily in storage in the
channel and flood plains, and some recharges the ground-
water reservoir,
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FIGURE B3. Frequency distribution of monthly mean
discharge of Methow River near Pateros
(12449650), for the period Oct. 1,
1958-Sept. 30, 1970.
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Fioods

information on the magnitude and frequency of floods
for streams in various parts of the Methow River basin is
essential to flood-plain zoning and to the design for
flood-control projects, bridge openings, channel modifi-
cations, and roadbed elevations. in this study, floods were
analyzed only for the magnitude and frequency of maxi-
mum peak discharges in each year. Only three continuous-
gaging stations and six crest-stage gages, located on eight
streams, have adequate records to establish flood-frequency
curves. The method of computation of magnitude and
frequency of occurrence of floods is described by Riggs
{1966) and by D. M. Thomas {written commun., 1968).

Flood-frequency curves included in this report were
constructed by use of a computer program based on
evaluation of the mean, standard deviation, and skew
coefficient. An example of this, the flood-frequency curve
for the Methow River at Twisp, is presented in figure B4.
The curve for the station on the Methow River near
Pateros, was adjusted at its upper end by comparing it with
that for the Methow River at Twisp to compensate for the
exclusion of the 1948 peak flow which falls ocutside the
period of record for the station near Pateros.

Flood-frequency data, including those for the station
on the Methow River at Twisp, appear in table B2. These
data can be used to construct flood-frequency curves if
graphical representation is desired.

To provide means of evaiuating flood frequencies for
ungaged streams, Bodhaine and Thomas {1964) developed
regional relations and formulas for the upper Columbia
River basin, including the Methow River basin. The
relations and formulas are applicable mostly to sireams
with drainage areas larger than 20 square miles and should
be used with caution for those with smaller drainage areas,

The relations and formulas for streams in Washington are
currently being updated by the Geological Survey.

t.ow Flows

Knowledge of the magnitude, frequency, and duration
of minimum flows is important in hydrojogic studies, and
the low-flow-freguency curve based on gaging-station
records is the best tool in use to acquire this knowledge.
Construction of the 7-, 30, 90, 183- and 274-day
Jow-flow-fraquency curves for four gaging stations in the
study area was dane in accordance with Geological Survey
standards (Riggs, 1968). Figure BS shows a typical family
of such curves for the Methow River at Twisp (12449500},

{ ow-flow-frequency data for the four stations pre-
sented in table B3 have been compiled from low-flow-
frequency curves such as those in figure Bb, The data are
presented in a form convenient for use in studies of water
avallability during periods of low flows where storage
facilities are not contemplated. However, if there is a need
for within-year storage and if economic factors govern the
design of a proposed storage facility, the data may be used
to construct a frequency-flow mass curve that represents
the total discharge available for a low-flow period of
specified recurrence interval. In this case, the flow-mass-
curve method (Rippl method} may then be applied to
determine tha storage required to maintain a constant draft
rate {Ven Te Chow, 1864, p. 14-44 to 14-46). An example
of the application of this method is shown in figure B6. The
flow-mass curve in the figure, corresponding to 2-year
recurrence interval {B0-percent probability), is drawn
smoothly through points obtained by plotting the volume
of discharge for various durations of average minimum flow
against the duration periods of 7, 30, 90, 183, and 274
days.
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FIGURE B4, Flood-frequency curve for the Methow River at Twisp (1244850), for the period 1919-62,
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FIGURE Bb. Magnitude and frequency of annual low flows of the Methow River at Twisp (12449500), for the
peried June 1919-September 1962,

TABLE B3.--Low-flow-frequency data for feur gaging atations in the Methow River basin

Station Numbe ¢ Crdinate of low~flow freduency curve, in Subic Feet per second, for
number Station name of consecu-~ indicated recuryence interval, in years

(£ig.A1) tive days 1.05 1,25 2.0 5.0 10 15 20 25 50 100
12449500 Methow River at Twisp 7 310 25% 205 178 160 154 150 147 139 133
{61} 30 345 278 226 189 172 185 161 159 153 149
90 435 337 270 220 200 192 188 185 11 171

183 600 435 325 253 230 2l 212 208 199 194
274 80 660 500 380 304 280 265 286 230 218
12449600 Beaver Creaek below 7 6.8 5.4 4.3 3.5 3.1 3.0 2.9 .= = -
{66} South Fork, near Twisp 10 7.8 6.2 8.2 4.3 3.9 3.7 3.5 —_— = -
S0 8.6 1.0 6.0 5.0 4.6 4.5 4.4 - s --
183 9.2 7.7 6.5 5.5 5.0 4.9 4.8 - - -
274 1.5 9.3 8.C 6.5 6.0 5.7 5.5 — - -
12449950 Methow River near Pateros 7 410 Iso 300 260 245 243 240 239 e -—
(86) 30 465 180 335 300 285 277 275 272 == mw
90 630 465 360 320 305 300 300 299 -— -
183 930 580 405 345 335 330 230 328 - -
274 1,250 850 530 540 465 443 430 420 - -
12454500 Methow River at Pateros 7 420 368 310 260 240 228 220 218 — ——
(82) 30 435 3180 345 310 60 297 295 292 Rt —-
90 550 450 384 335 320 i1z 310 309 .- -
183 620 515 440 380 360 355 350 347 — -

74 1,250 900 740 600 340 518 500 480 - -
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FIGURE B6.~Frequency flow-mass curve, at 2-year recur-
rence interval, and storage draft line for
Beaver Creek below South Fork near Twisp
{12449600). Average minimum discharges
are from table B3.

The minimun-flow potentials of streams in the region
are defined by four indexes which are based on the 7- and
183-day low-flow-frequency curves and mean annuai dis-
charge. These include the (1) low-flow-yield index, {2)
siope index, {3} spacing index, and {4} base-flow index
{Nassar, 1973, p. 22-26). These indexes reflect, in that
reach of stream above each gaging station, the hydrauiic
relations between the stream and the adjacent reservoir of
ground water, and (or) of water stored as snow.

Table B4 lists the four indexes for each of the four
gaging stations in the project area, and includes the period
of record, mean annual discharge, and drainage area for
each of the four stations. The four indexes are briefly
defined below table B4.

The low-flow-yield index is an excellent measure of
average dry-weather fiows of streams which depend largely
on ground-water contribution. The slope index is a good
indicator of variability of low flows over the years; the

quantities of ground- and surface-water storage available in
a basin influence the year-to-year variability of low flows,
whereby large quantities of storage decrease the variations,
and small quantities increase them. Stations on streams
characterized by large amounts of storage produce fre-
quency curves with flat stopes, and stations on streams
having small quantities of storage will have frequency
curves with steep slopes, The spacing index is influenced by
the seasona! storage in the geologic materials underiying the
basin above a gaging station. Stations whose basins are
underiain by relatively impermeable materials and {or}
small ground-water reservoirs will have widely spaced
frequency curves and large spacing indexes, whereas those
in basins underiain by permeable materials or large ground-
water reservoirs will have smail spacing indexes, as their
frequency curves are closely spaced. The base-flow index is
a measure of the contribution to total streamflow of
ground water and {or} water resuiting from melting of ice
or snow; a high base-flow index indicates & relatively large
contribution whereas a low index indicates a small contri-
bution,

Streamflows recorded at the three stations along the
main sterm of the Methow River are affected by significant
diversions for irrigation of 14,000 acres in the area.
Therefore, the indexes for those stations, as they appear in
table B4, do not always reflect the natural hydraulic
relation between the Methow River and the adjacent
ground-water reservoir. Undoubtedly the indexes for the
Methow River at Twisp {12449500) would improve ap-
preciably if the water diverted upstream was atdded to the
flow past the station. For example, assume that the amount
of water diverted from the Methow and Twisp Rivers
upstream from station 12449500 and carried downstream
from the station in canals is 87 cfs, which is the sum of {1}
the average discharge of 54.0 ¢fs in the irrigation canal
opposite the gaging station {number 42-A in table C2), and
{2) the average discharge of 33.0 cfs in the Twisp-Methow
Vatlay Irrigation District Canal half a mile west of Twisp
{number 58-A in table C2). From this assumption, then, by
adding the 87 cfs to the yield value of 205 cfs at 2-year
recurrence interval in the 7-day low-flow-frequency curve,
the vield index for station 12448500 wouid be 0.23 cfs per
square mile instead of the caiculated 0.16 cfs—an increase
of about 44 percent, The effect from diversion should be of
a fesser magnitude on the stations near Pateros (12449950)
and at Pateros (12450500) because a large amount of the
irrigation water diverted in the upper reaches of the basin
seeps back into the river above the stations,

For the station on Beaver Creek {12449600)—~whose
flow is not affected by any reguiation or diversion—the
indexes in table B4 indicate that, although the capacity of
the ground-water reservoir is small {vield index of 0.07 cfs
per sq mi), the reservoir is characterized by high permeabil-
ity, as indicated by the spacing index of 1.51 and the
base-flow index of 0.25. Also, the slope index of 1.48
indicates small fluctuations in iow-flow patterns from year
1o year,

In designing & water-supply project dependent on the
low flows of a stream, the project planner must know the
largest number of ‘consecutive days a year that a prede-
termined given flow could be maintained. Any time the
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TABLE B4.--lLow-flow indexes at four gaging stations in the Methow River basin

Station . Period of Mean Drainage Low—£low indexl/-

number Station name record annual area

(fig.Al) {wataer discharge (59 mi} vTield Slope Spac~ Base-

g- year) {cfs) ing flow

12449500 Methow River at Twisp 1920-62 1,327 1,301 8.16 1,37 1.39 Q.15
{61)

124496Q0 Beaver Creek below South 1960-70 17.2 62.0 .97 1.48 1.5%1 .25
(66} Fork, near Twisp

1244995G°  Methow River near Pateros 1959-70 1,540 1,772 .17 1.23 1.33 .19
(86}

12450?00 Methow Ridver at Pateros’ 1904-20 1,655 1,794 17 1.4 1.42 .19
(89

The yield index is the ordinate of the annual 7-day minimum low~flow~£frequency curve at a
2-year recurrence interval. It is expressed in cfs (cubic feet per second) Per square mile to
compare stxeams whose drainage areas differ in size.,

The slope jndex is the ratio of the ordinates of the annual 7-day minimum low-flow-frequency
curve at the 2~ and 20-year recurrence intervals.

The gpacing index is the ratic of the ordinates, at the 2-year rscurrence interval, of the
183- and 7-~day 1ow—f10ww§requency curves.

The hase-flow index is the ratio between the yield index, in cfs, and the mean annual

discharge.

flow in the stream fails below that predetermined value it
wiil be considered deficient. Such information is depicted
in figure B7, which contains frequency curves for maximum
periods of deficient discharge for the Methow River at

Twisp (12449500). Data in the following table—for the
four stations for which adequate records have been main-
tained—were derived from curves similar to those in figure
B7.

Magnitude and frequency of deficient discharge at selected stations

Gaging Station

Discharge, in cubic feel per second, helow which flow

Official Number Recurrence remained continuous for length of minimum period
and Number on Name and Period of Record Interval indicated:
Figure Al (in {years)
parentheses) 7-day 30-day 60-day SG-day
12449500 Methow River at Twisp 1.25 254 286 310 340
(61) June 1819-Sept. 1962 2 207 225 250 272
5 176 190 205 222
20 152 168 180 180
166 135 1585 165 173
12449600 Beaver Creek below South Fork, 1.25 5.5 6.3 6.6 7.1
- (88) near Twisp 2 4.3 5.2 5.6 6.0
Apr. 1960-Sept. 1870 5 3.6 4.4 4.7 5.1
10 3.2 3.9 4.3 4.6
20 29 3.6 4.0 4.3
124489590 Methow River near Pateros 1.25 355 385 430 465
(86) Apr. 1958-Sept. 1970 2 300 330 350 360
§ 265 300 312 325
10 250 285 300 312
20 240 275 296 305
12450500 Methow River at Pateros 1.25 360 385 420 450
(89) July 1903-Sept. 1920 2 310 345 370 390
5 262 305 323 340
10 240 280 308 325
20 225 265 290 310
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FIGURE B7.-~Number of consecutive days of deficient
discharge, Methow River at Twisp, for the
period June 1919—Sept. 1962.

Flow Duration

Another way of showing graphicaily the streamfiow
variability at a gaging station is by the flow-duration curve
which depicts the percentage of the total time of record
that any discharge was equaled or exceeded. The flow-
duration curve for a gaging station is constructed by (1)
arraying, in order of magnitude, the daily discharges for a
specific period of record, and (2} grouping daily discharges
into classes or rates, and {3} computing the percentages of
time that the various rates of discharges were equaled or
exceeded. The discharges are then plotted against the
corrasponding percentages as shown in figure B8, The
flow-duration curve in figure B8 indicates that the daily
discharge past the gaging station on the Methow River at
Twisp was equal to or exceeded 425 cfs 50 percent of the
time during the period of record—June 1919 to Septemher
1962—and that for 99 percent of that period the discharge

Daily discharge, in cubic feet per second, at
indicated gaging station and periods of record

Percentage of

thme discharge Beaver Or.

equaled or Methow River below Secuth Methow River
exceeded that at Twisp Fork, near Twisp near Pateros
shown (dune 1919- (Apr, 1960~ {Apr, 195%-
Sept. 1952} Sept, 1970) Sept, 19703

1 10,400 150 12,400
2 8,500 118 10,400
5 8,600 T4 7,400
10 3,900 40 4,200
20 1,870 17 1,750
30 8940 10.7 880
40 570 8.6 620
50 425 7.7 505
60 347 7.0 440
70 297 6.4 395
80 258 5.7 355
90 an 4.9 320
95 198 4.4 295
98 177 3.9 274
99 165 3.8 258
99.5 157 3.4 245
2.9 220

99.9 155

was 165 c¢fs or more. Thus calculated, flow-duration data
for three stations in the Methow River basin are presented
in the following table,

The slope of the lower end of the flow-duration curve
is a measure of the availability of streamflow during the
low-flow period. A flat slope, as the one for the station on
the Methow River at Twisp {fig. B8), indicates a dependable
supply of water during dry-weather periods. It also indi-
cates that a good hydraulic connection exists between the
stream and the ground-water reservoir, and that ground
water is the primary contributor to streamflow during the
low-flow periods.
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Ground Water

General Availability

The bedrock underlying the Methow River basin
includes a variety of rock types, and its characteristics vary
greatly from place to place. Although some bedrock is
capable of yielding water to wells, yields generally are too
low for bedrock to be considered an important source of
water. in the types of bedrock common in the basin, water
occurs only in random cracks or joints, and such occurrence
is extremely unpredictable. Furthermore, the likelihood of
encountering water-bearing cracks or joinis in bedrock
decreases with depth of penetration. Except in those cases
where ground water is in suoh great demand that a very
small supply justifies considerable expense and financiak
risk, the bedrock surface should be regarded as the floor of
the ground-water reservoir.

Unconsolidated glacial and alluvial deposits are the
principal water-bearing materials of the basin (fig. B9).
Glaciat 1ill and remnants of glacial outwash accur as a thin
and discontinuous mantle over much of the basin at
intermediate altitudes—the higher peaks and ridges are bare
bedrock, whereas the valley fioors and adjacent river
terraces are underlain by thick deposits of glacial and
alluvial materiais. The glacial deposits at intermediate
altitudes comprise the soils of most of the commaercially
important forest areas of the basin, and are hydrologicatly
important because they retard runoff during periods of
heavy precipitation and contribute 1o the base flow of
streams during dry periods. However, in many places they
are too thin or too fine grained to yield appreciable
amounts of water to wells.

Thick glacial deposits and aliuvium~—both in association
with modern stréams and as older alluvium in terraces along
the major valley flood plains—are the principal sources of
ground water in the Methow River basin. Although these
water-bearing deposits underlie onty about 4 percent of the
tatal area of the basin (fig. B9}, they are of great economic
importance because they occur heneath the populated parts
of the basin where ground water is most needed for
domestic and irrigation use. Because ground water in
appreciable quantities is known fo occur only in or on the
edge of stream valleys, the following discussion of the
occurrence of around water does not apply to uptand parts

of the basin except where they are specificatly mentioned.”

Areal Distribution

Southern part.—The lower reach of the Methow River
valley—downstream from Carlton—is narrow, the terraces
that $lank it are discontinuous, and bedrock is exposed at
many places both on the valley fioor and in the valley walls.
Ditches to supply irrigation water have not been con-
structed here and, although much land is irrigated by direct
pumpage from the river, many irrigation wells are in use.
Wells in this reach of the vailey range in depth from about
30 feet to more than 80 feet and average about 50 feet.
Where the bedrock is overlain by 50 feet or more of
saturated unconsolidated deposits, property constructed
wells generally vield from 200 to 500 gpm (gallons per
minute; table C4). Specific capacities of wells in this reach
of the valley may be as great as 200 gpm per foot of

drawdown. However, specific capacities of 80 to 100 gpm
per foot of drawdown are much more common. The
acreaqes irvigated from individual wells range from less than
10 to about 50.

Many shatiow dug wells are used for domestic supplies.
Water levels fluctuate with river stage and some of the
shallow wells go dry during late summer. Numerous springs
discharge at the line of contact between the bedrock and
the overlying unconsolidated materials and are an im-
portant source of water for domestic use.

_In the valleys of streams tributary to the lower reaches
of the Methow River, alluvial deposits are thin and
domestic water supplies are obtained from shailow dug
wells and springs. However, ground water is not available in
quantities sufficient for irrigation,

Central part.—The development of ground water in the
central part of the Methow River basin—between Winthrop
and Cariton—is about the same as in the southern part of
the basin (fig. B9). Ground water is used to a considerable
extent to supplement surface water for irrigation and for
domestic use. In this area the valley of the Methow River is
wider than in the areas to the north or south, and
unconsolidated deposits are thicker. Also, wo major
tributaries—Twisp River and Beaver Cresk—whose valieys
contain appreciable ground water, enter the Methow River
in this area.

Wells in the central part of the basin for which data are
available range in depth from a few feet to more than 200
feet, and average about 55 feet {table C4). Wells con-
structad primarily for irrigation or public supplies have
yields that range from about 100 to 1,300 gom and average
about 550 gpm, The specific capacities of wells in this area
are ghout the same as those in the sourthemn part of the
valley—commonly about 100 gpm per foot of drawdown.

An area of several square miles in the Methow River
valley just below the mouth of Beaver Creek is undertain by
clay and fine sand locaily more than 100 feet thick.
Maderate yields of ground water can be obtained, but test
drilling may be necessary to locate coarse sand and gravel
bads that fill depressions or channels in the bedrock
surface. Dug wells about 20 to 30 feet deep in the lower
few miles of the Beaver Creek valley penetrate mostly
gravel and produce enough water for limited #rrigation,
Data on ground-water availability in the Twisp River valley
are Himited to shailow wells. However, the yield of some of
these shallow wells is great enough to indicate that properly
located wells designed for maximum production would
have substantial yields.

Northern part.—Ground-water development in the
northern part of the Methow River basin—north and west
of Winthrop—is chiefly along the floor of the Methow River
valley, although a few welis have been drilled in the
Chewack River valiey and in the Early Winters Creek valley.
Wells in this part of the basin range in depth from about 10
feet to about 200 feet and average about 60 feet. Most
wells here were designed merely as sources of domestic
supply and therefore meaningful data on the maximum
vields obtainable are not available. However, drillers” logs of
wells in this part of the basin (table C5) indicate that
permeable materials in considerable thickness underlie the
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valley floors, and properly constructed wells should have
vields comparable to those in the ceniral and southern parts
of the basin.

Easier access to the northern part of the basin by
opening of the North Cross-State Highway in September
1972, may lead ito an increase in population and ac-
companying increase in water use. Building sites for some
homes and resorts wiil undoubtedly be chosen on the basis
of scenic views and access to recreationat facilities and will
result in increased demand for water supplies in areas where
strearmns and accompanying atluvial deposits do not exist.

Attempts to develop water supplies from bedrock aquifers

may become more commaon.

Water-Management Considerations
and Constraints

Supplies of fresh surface and ground water will
continue to be adeguate for presently projected use in the
Methow River basin for many years to come. The basin
contains many perennial streams that empty into the
Methow River, and the broader, more populated parts of
the valley floors are underlain in most places by unconsoli-
dated sand and gravel which contain ground water in
guantity sufficient for domestic and supplemental or
standby irrigation use.

By far, irrigation is the principal water use in the
Methow valley. About 9% percent of the irrigation water
comes from streams and the remaining b percent comes
from ground water. About 45 percent of the surface water
diverted for irrigation is lost by leakage because the
irrigation canals and ditches presently in use are unlined. In
certain areas irrigators are turning to ground water irri-
gation because of the inadequacy of the surface-water
conveyance system. In some areas, such as the Beaver Creek
basin, most of the streamflow during the period June-
September is being diverted for irrigation. This un-
doubtedly has greatly altered the low-flow characteristics of
the streams below the points of diversions, Effective water
management and rehabilitation of irrigation conveyance
systems are needed to overcome problems of inadeguate
irrigation supplies and decreased streamflows.,

The WMethow River valiey is adversely effected by
extreme flooding and hy the prevalence of subfreezing

temperatures in winter. The flood of May-June 1948
resulted in severe damage along the Methow River; the
towns of Winthrop, Twisp, and Methow were isolated, and
six main highway bridges were destroyed or rendered
useless., Parts of the highway were washed out, and
hundreds of acres of orchards and many houses were
destroyed. During the winter of 1968, temperatures
reached to below ~50°C (~58°F) and hundreds of acres of
orchards were rendered useless.,

Construction of flood-control projects along the
Methow River or its two major tributaries, Chewack and
Twisp Rivers, might achieve economical feasibility if the
projects included power generation as a byproduct, Their
value as purely flood-control projects might be doubtful
because the recurrence interval of damage-causing floods
appears 10 be greater then 80 years—the 1948 flood was the
greatest since the historic flood of 1884.

With the opening of North Cross-State Highway—in
September 1972-—population in the Methow River valley
probably will increase, primarily as a result of tourism and
recreation, with a corresponding increase in water use.

To achieve an orderly development of the water
resources of the area, additional surface- and ground-water
data are needed to properly manage the resource, bath on
basinwide and local bases. While the total surface-water
vield of the basin is fairly well defined, the individual vields
of tributaries, except Beaver Creek, is not known. Discharge
data are needed for Early Winters Creek, Chewack River,
Twisp River and several of its tributaries, Libby Creek, and
other tributaries in the southern part of the basin to
determine surface- and ground-water vield from these
subbasins. Major irrigation diversions should also be
monitored to obtain a valid representation of the water
resources available and their use in each basin.

Records of the chemical character of water in the
Methow River basin are rather limited, but available data
indicate that water generally is suitable for most common
uses including drinking, according to standards recom-
mended by the tJ. S. Public Health Service {1962).
However, at least a reconnaissance study of water quality is
needed, especially in the upper part of the basin where no
data exist and where development is very likely to increase
in the near future.
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WATER IN THE METHOW RIVER BASIN, WASHINGTON

TABLE C4.--Records of representative wells
in the Methow River basin

Explanation of
Well-Numbering System

In this report most wells are designated by gymbols
that indicate their locations according to the official
rectangular public-land survey. For example, in the symbol
30/23-34Gl, the part preceding the hyphen indicates succes-
sively the township and range (T. 30 N., R. 23 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. The first number following the hyphen
indicates the section (sec.34), and the letter "G* gives the
40-acre subdivision of the section, as shown in the figure
below. The numeral "1" indicates that this well is the first
one listed within the subdivision.

Those wells for which the exact 40-acre subdivisions in
a section could not be determined, owing to their locations
being more generalized, are given numers that include the
standard description of the leQ0-acre subdivision, such as
31/22-27NvWY .

p| c| B | A
o Well 30/23-34Gl
E | F | 6 | H
M | L | k| 4g
N | P | Q | R

Table C4 in part C of the report contains a list of
representative wells in the Methow River basin, and table C5
presents drillers' logs of 23 of the wells.



BASIC DATA

TABLE C4.--Records of representative wells in the Methow River basin

Well Water level Reported Drawdown a/ b/
W
ell nunbex dapth {feet bhelow vield (feet) Use Remarks
{feat) 1s5d) {gpm}
29/23~2B1 .75 23 4 — D
30/23-6G61 40 16 400 2 - Penetrates coarse gravel
14-40 ft.
L 40 15 - -— b, Irx Penetrates mixture of sand
and gravel,
7K1 60 - -= - Irr Does not enter bedrock.
LY 30 23 -— -— Irrx Irrigates 10 acres.
7Pl 42 - 200 ~-— D, Irr Irrigates 15 acres.
18Dl 50 - 300 -— Irxr Irrigates 22 acres.
i8p2 25 — - -— B, Irr Located near river,
operates 225 sprinklers.
2081 22 190 180 3 Irr Penetrates gravel L0-22 ft.
Irrigates 20 acres,
21N1 62 38 200+ -— Iry Penetrates mostly gravel.
28p1 50 - 350 2 Irx L.
28F1 62 -— —-— -~ Irr Irrigates 52 acres in
conjunction with well above.
2871 79 - 400 - D, Irr Irrigates about 35 acres.
28NWh 50 26 220 22 Iry Penetrates mostly gravel.
29Ny 80 38 - e D Inadequate for domestic
supply at low river stage.
3081 23 16 125 2 Irr Irrigates 10 acres,
34G1 is -- 80 -— Irr Irrigates 7 acres.
34 40 - 300 - Irr Penetrates mostly sand and
gravel.
34 28 - - —- D Supplies 2 homes. Inadequate
at iow river stage.
35M1 50 25 500 23 Irr L.
35M2 50 25 50 23 ] L.
31/22-6G1 35 33 -= -— D Very adeguate for domestic
use,
6J1 40 ié -— - B
lLéEL 50 28 20+ - - Penetrated boulders and clay
0-4%3 ft, gravel 45-50 ft.
216l 30 20 100+ —- L, Irr Penetrates gravel 20-30 ft.
Yield varies with river stage,
21HL 80 15 600 -— Irr Penetrates only sand.
2LH2 40 15 - - D, Irr Penetrates mostly sand.
26R1L 41 18 L47 1 D, Irr L.
27NWY 51 L7 120 - -— Iry
27188, 50 47 - —-— D Inadequate for domestic.

2788y 30 - - - D Do.
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WATER IN THE METHOW RIVER BASIN, WASHINGTON

JABLE C4.--Records of representative wells in the Methow River basin--Continued

Well Water level Reported Drawdown
Wwell number depth (feet below  yield {feet) Uged/ Remarks 2/
(feet)  1sd) {gpm)
31/22-35CL 82 40 440 8 Irr penetrates sand and gravel
27-82 ft.
35C2 18 -- e - D Penetrates gravel 60-78 ft.
35F1 2% - 450 - Irr Irrigates 45 acres.
31/23-3186K 50 48 >10 -- D Penetrates sand and gravel.
32/22-388% 100 50 e o D penetrates mostly fine sand
and clay, coarse sand at
bottom.
38EY B85 83 - - D Inadequate for domestic use.
Penetrates clay,
358k 75 5% -— —— D gEncountexr coarse sand at
bottom,
agEk 65 15 600 —— Iry Irrigates 35 acres.
Penetrates sand and gravel
28-65 ft.
9 86 69 - - B panetrates sand and gravel.
10CL 71 - e - D
10Rl 105 58 350 -- D Water reported very hard. %L.
LOF1 a8 38 1,000 -- cirr L.
LOR2 105 58 1,000 - Irx Irrigatas 50 acres.
1oMi 8¢ 30 e it B
108wy 105 42 e - Irr Irrigates 3% acres. L.
16GL 88 44 10+ — D 5.
16N1 20 - 150 - Irr
16NER 55 46 - -- Iry One horsepower pump will not
pump well dry.
1658k 118 43 - - Ixr Irrigates 35 acres. L.
20G1L 60 - s e - Penatrates gravel.
20H1 80 78 100 - -
20ONEY a0 28 400 -— Iry Irrigates 4% acres, L.
29CL 80 38 >10 o D L.
2901 41 17 400 4 D, Irr Irrigates 18 acres. L.
29LL 72 25 L0+ -— D L.
33/20~10J1 1G - - -= ]
11al 13 - — -= D water level fluctuates about
& ft with the seasons.
12A1 44 26 -- -= )] Penetrates boulders, sand,
and gravel.
33/21-9A1 - 11 -— - D adeguate for domestic use.
3CL 37 16 +10 1 B
jRe} 20 - - - D Water level fluctuates with

river stage.



BASIC DATA

TABLE C4.-~-Records of representative wells in the Methow River basin~«Caontinued

Wall Water laved Reported Drawdown
Well number dapth (feet below yvield {feet) Use &/ Remarksb/
(feet)  lsd) {gpm}
33/21~11M1 25 13 500 4 D Penetrates gravel 5-2%5 ft.
11M2 30 e -~ - B Supplies five homes.
l2M1 12 ] 20 3 D, Irr
33/22-6NEY 28 25 - - D Water level fluctuates with
river stage.

310 11 8 . - pal Supplies trailer court,

7B1 12 - —— -- D Bo.

7J1 15 io - —— Irx Penetrates only gravel.

8Nl 52 - 450 - Ps

B 15 22 - - 3} Adequate for domestic use.

11r1 15 - 45 -— D, Irrx Irrigates 3 acres.

12Kl 33 - - - D Water level rises and vield
increases with increased
irrigation. '

13A1 30 11 — - D Well was drilled to 70 ft,
but kackfilled to 30 ft.

LeMi 84 54 10 = -]

L6NL 23 - - - D Penetrates only sand and
gravel. Water level fluctuates
with river stage.

1751 83 16 1,300 1o PS L.

21NEY 34 18 e — D Adequate for domestic use,

Z18wWy 34 16 - - D Penetrates only gravel.

22NL 20 12 184 4 D, Irx Irrigates about 7 acres.

22P1L 43 17 550 -- o L.

23R1 100 -—— 500 - D, Irx

23NEY 21 15 330 5 Irr

27¢L 222 12 - -— - L.

27C2 ig - 650 2 D, Irxr Water level fluctuates betwesn
6 and 12 ft.

27D1 26 11 300 6 Irr Penetrates only gravel,

2731 210 46 325 4 D, Irr Penetrates clay from 10 to

100 fe,
2732 123 a7 150 - Irr Irrigates about 5 acres.
2758% 36 29 3900 3 - Adeguate for irrigation.
34/21-2L1 98B 31 8OO 20 Ps L,
1,000 54

3ct 10 = 180 -— D, Ire Irrigates 17 acres.

371 100 a8 ac - P Sanded up, now only 65 ft deep.

g2 145 ~— —- - —- Encountered bedrock at 98 ft.
Abandoned.

373 13 - 2,300 - P Infiltration trench.

3Nwy 90 57 - - D

6NEY 1,800 - - -— w— Penetrates only bedrock.

Abandoned, small yield,



WATER IN THE METHOW RIVER BASIN, WASHINGTON

TABLE C4.--Records of representative wells in the Methow River basin--Continued

Wall water level Reported Brawdown

Well number depth {feet bhelow vield {Feet) Useg/ Remarksh/
(feet)  lsd} {gpm}

34/2 1 -8NWk 15 - = - D pug well near Patterson Lake,
water level fluctuates with
lake lavel,

11NEY 40 - e - D Water level and yield
fiuctuate with river stage.

12N 28 —— s - ) Adeguate for domestic supply

' only. '

128wy 40 -— - - D Penetrates only gravel.
Reported adeguate to irrigate
5 acres.

13N 12 e s - jal Water level fluctuates with
river stage.

L3388, 25 20 —— e D prilled on side of low ridge
east of river.

1388% 16 - -= - D Dug in low area to east of
ridge. Inadeguate in wintex.

138EY 3% - e - D prilied in low area to east
of ridge. Adequate for
domestic supply.

148EX a7 65 e 15 BS Supplies school.

23NEY 88 48 - - D Penetrates glacial deposits,
bottoms &t bedrock. Yield
reported "very good."

2488% 40 18 15 1 I} Penetrates sand and boulders.

34/22-7 1z -- -- - D Barely adequate for domestic
use.

30K1 100 - 50 - D

31pl 33 - 150 - D, Irx

312 25 -- 100 o D, Irr Irrigates about & acres,

31Nk 200 - - - D Located on bluff overlooking
river, Very limited supply
from bedrock,

35,/2 0~ 4NWY 13 7 —-— - I} Very rapid racovery.

45wy 30 - - -— D Adequate for domestic use.

SHE 70 50 - - D Yield reported “very good.”

SHEY LG5 - - - D Da.

55EY 73 36 - - D Penetrates clayey gravel
0-48 ft, clean gravel
48713 ft.

108w 1z ] — -— D vield fluctuates with river
stage.

135w4 34 18 —- - D Reported “good" yield.

158ek 24 16 —-— - 2] Supplies two homes.

35/21-2NE% 21 2 - . - D Water levei rose from 20 £t

to 2 ft during drilling.

158E% 198 65 - - D very adequate for domestic use.

22NEX 65 47 - - D vield reportedly low.



BASIC DATA

TABLE C4.~-Records of representative wells in the Methow River basin-~~Continuegd
Well Water level Reported Drawdown b
Well number depth {feet below yield (feet} Usei/ Remarks-/
(feer)  1sd) (gpm}
35/21-268E% 14 - - -— 5 Ercountered bedrock at 12 ft,
Goes dry in summer.
32K1 103 40 60 - D, Irr Irrigates 12 acres. L.
35NEY 80 45 k} - D Penetrates gravel and houlders
0=-73 f£t, bedrock 73-86 ft.
3580 145 45 8 -— D Encountered bedrock at 20 ft,
water at 90 and 130 ft,
36NWYy 12 4 -— - B ‘Supplies campground and store.
36/18-1NwWy 71 56 1o - D Penstrates sand and gravel, -
2NEY 40 - %0 -- D
25wk 85 490 7 -— D Goes dry in fall.
32NEY 40 25 18 10 D Supplies campground. Bottoms
in bedrock.
36/19-5NWy 93 46 60 - D Penetrates only gravel and
boulders.
5 Sy 97 - 450 e D
LOSwWH 62 30 Lo ~— D Penetrates sand and gravel,
158wy 25 Lo - - D
228F% 60 23 30 - D Penetrates sand 0-23 ft,
gravel 23-60 ft.
2301 55 25 - —— jal L.
2381 50 25 —— - D L.
23M1 58 23 40 — D L.
23P1 50 28 50 -— D Penetrates rock and clay
0-25 ft, gravel and sand
25-50 ft,
25A1 27 14 - - D Penetrates clay 0-14 f£g,
sand and cobbles 14-27 ft.
25B1 57 1o 15 - D L
2582 76 - — -~ D
26NWy 50 21 550 1 D L.
36/20~318E% 30 - - -— D Water level and yield fiuctuyates
with river level.
36/21-2638E% 43 12 - - iy Penetrates only sand and
boulders, pumps dry.
37/21-308E% 100 - - -~ - - Abandoned, no water,

a/
b/

Remarks:

L,

Use: D,domestic: F,

log in table C5.

fish propagation; Irr, irrigation; P8, public supply: 3, livestock.
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WATER IN.THE METHOW RIVER BASIN, WASHINGTON

TABLE C5.--Drillers' logs of wells

Thick-
Well numher and material penetratéd ness Depth
(feet) (feet)

30/23-28D1
§ilt, sandy, and boulders———mwwﬂw——~m¥ ~~~~~~~~~~~~~ 3 3
sand, gravel, and cobbles=—===m—=—m-——mosomms e s s 17 20
sand and gravel--————=-—=sosseo o mems s e T e 5 25
sand, gravel, and clay-—-—====g--—ommssmem s s o e s 5 30
gand and gravel, water-bearing==w=-—=——mosssmemm o 20 50
30/23-35M1
Topsil and boulders-——-——=====------omsommoomoemmEs 6 6
Sand, fine, and fine gravel—-——=ws—r-m——meemmem e 34 40
sand, coarse, and coarse gravel-————-—-omsossmmooes 10 50
30/23-35M2
Topsoil and bouldersm—uwu—-~~~*w——m*~~~~~—4 ~~~~~~~~ 6 6
Sand, fine, and fine gravel-———==--—-m-o—essmosomommes 34 40
Sand, medium, and fine gravel---=——=—-——=sessosmess 10 50
31/22-26R1
Boulders, gravel, and silt-=-—=—w——-—--osemmm——rome 10 10
GTAVE L = o e t mem o o o o e S T 5 15
Sand, gravel, and clay-~—==w=-=-mos oo sem s s s s 15 30
ROCKS — e o o o e i o o e e e e T T T 2 32
GYRVEL m o m ot o o o e e e S T 3 35



BASIC DATA 61
TABLE C5.--Drillers' logs of wellsu-conﬁinued
Thick- o
Well number and material penetrated ness Depth
(feet) (feet)
32/22-1081
Topsoil and clay~ === e e e e e o 11 11
Sand, gravel, and boulders-—————w=—— o 59 70
Sand and gravel, dirty, some wat@rmem=—mmmeccmeonm e ——— 15 85
Sand and gravel, water-bearing-——==—s—omrm o c——— e 20 105
MUK SANA Y e e at 105
32/22-10F1
Gravel, boulders, and sand==———=—=——mo— e 42 42
Sand and gravel, water-bearing-————m=mmm o oo e 44 86
Sand, fine = e e e e 2 88
32/22-~108wWy
Boulders and gravel = — o e 45 45
Clay, siltymmm— e e e 31 76
Sand, fine s e e e e e 9 85
Sand and gravel, water-bearing-———m=mmmae———— 20 105
32/22-16G1
TP O L L e e e e e e e e e e 2 2
Sand, gravel, and boulders--—-=e= - 28 30
Sand and gravel, dirty--————~=- T e e 30 60
Sand and gravel, water-bearing=—===——m o —————————— Bl 28 g8



BASIC DATA 61
TABLE C5.--Drillers' logs of wells--Continued
Thick- o
Well number and material penetrated ness Depth
(feet) (feet)
32/22~10E1
Topsoil and clay~=—mmm—m oo 11 11
Sand, gravel, and boulders=r==———mmmmoeomm e __ 59 70
Sand and gravel, Qirty, SOME WALE r—mw————— oo oo oo 15 85
Sand and gravel, water-bearinge—mmmecm———— 20 105
PQUICK SN e at 105
32/22-10F1
Gravel, boulders, and sand=-=——==—mmemo oo 42 42
Sand and gravel, water—bearing——uew—~~—n--7 ~~~~~~~~~~~~ 44 86
Sand, Fine === e 2 88
32/22-108WY4
Boulders and gravel=—————mecmeme 45 45
Clay, silty o e 31 76
Sand, N s e e e 9 85
Sand and gravel, water-bearing——— === 20 105
32/22~16G1
P OPS 0L ] e i e e e e 2 2
Sand, gravel, and boUldergm = e oo e 28 30
Sand and gravel, dirty-—-——wm——- e e 30 60
Sand and gravel,-water~bearing —————————————————————— o e 28 88



BASIC DATA 63
TABLE C5.-~Drillers’ lags of wells ~-Continued
Thick- -
Well number and material penetrated ness Depth
{feet) (feet)
33/22-17L1
Gravel, and sand-——— = 5 5
BN o e e e e e e Lo 15
Sand, and gravel = oo 68 83
33/22-22P1
Boulders, and clay—=——=——m 12 12
Sand, and clay - e 15 27
Sand, and clay, water-bearing-—-———m————— T ————— 1le 43
33/22-27C1
Sand, gravel, and boulders-—————w— oo 22 22
Sand, fine, silty———— oo 133 155
Clay, DI OWn == e e e e 12 167
Sand, fine, silty=——mem e 40 207
Clay, DrOWI e o e e 15 222
BT o o e e e at 222
34/21-2L1
Sand and boulders, brown—rm=w=—— == 20 20
Sand, boulder, and brown clay———— e 17 37
Sand and gravel, water-bearing—=—=—w— e —— e 8 45
Sand, coarse to MeGium==r=———— e e o 5 50
Sand, fine, silty e oo e ie 58
Sand, MedIUm s s o e 17 85
Sand and gravel == e 13 98
BE AL OO e e e e e at a8



64 WATER IN THE METHOW RIVER BASIN, WASHINGTON

TABLE C5.--Drillers' logs of wells--Continued

: Thick-~
Well number and material penetrated ness Depth

(feet) (feet)

35/21-32K1
Boulders, and gravel--——==———- o e o 1 o 15 15
Sand, Fan e s o oo e o e i i e 50 65
sand, fine, some gravel, water-bearing---—-=--=--- 38 103
36/19-23D1
Boulders, and gravel-—=—mmmmmooemem s s s s s e 25 25
cravel and houlders, cemented———rememmm—mo e oo, ——— 23 48
sand and gravel, water-bearing--——-m-—wesems—— s 7 55
36/19~23E1
Boulders and gravel———————mo s msmem s e 24 24
Sand and gravel, water-bearing==-—-——=m—omomsoossm e 36 60

36/19-23M1

Boulders and gravel-———w——mmermesmm— o amm T 10 10
Clay, SBNAY=m=——=m = e e 13 23
sand and gravel, water-bearing-——w—=—=—ma—=mmmeom——-— 35 58
36/19~25B1
Gravel and silbme—mee—mm—eoe o e S 6 6
soulders, and coarse gravel-————m—soo—oomme s 24 30
Gand = s T S T S S e s e 5 35
Grayvel=—e=—mmm o s e e S S S T TS s 22 57
36/19-26NWy
Clay and boulders-———m—=m=me o mm e s s e e e 25 25
Boulders, clay, and gravel-—---——-=——=—~eososme oo 5 30

Gravel, and sand-~=e-==—--- o s o e o e 20 50
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WATER IN THE METHOW RIVER BASIN, WASHINGTON

PABLE CG.--Air and water temperatures at streamflow-gaging stations

. Pemperature {°C) X Temperature ( °C) . Temperatura {°C)
Date Time Date Time Date Time

Air Water Air Water Ailr Water

24, Andrews Creek near Mazama (12447390)

9-28-67 1250 21.1

7.8 7-17-69 1030 20 6.7 L0-2Q-70 1440 Q.6 2.8
6-27-68 L1150 16.7 7.8 7-28-69 1055 12.2 6.1 11-19-70 1000 ~-.6 2.2
7« 3-68 1180 28.3 7.8 10-10-69 1210 3.9 4.4 1-20-70 1300 2.2 )
8- B-68 1445 24.4 16 10-21-69 1200 s} 1.1 3-16-71 1150 2.2 .6

10~ 2-68 1235 6.7 3.3 2-12~70 1248 1.7 1.1 5« 7-71L 0920 16.7 3.9

10+31-68 14135 -1.1 1.7 4-14-70 121¢ 7.2 1.7
2-18-69 1530 -1.1 1.1 5-15-70 1135 8.9 2.2
5-14-69 1300 18.9 3.3 6- 3-70 1625 25.6 5.6
£-27-69 1355 7.2 2.8 72470 1208 26.1 8.3
6-13-69 1045 21.1 7.2 8-26-70 1230 25 12.2

61. Methow River at ‘Twisp (12449500)

11.- 8-45 1240 «8.9 - 6~13-50 1045 22.2 7.8 g-1l-%4 1530 31.1 -
3-13-46 1445 8.3 5.6 &~20-50 1730 26.1 9.4 9-22-54 1400 23.9 14.4
5- 1-46 1650 i6.1 6.7 7-24-50 1718 27.2 8.3 10~ 1-54 1105 14.4 8.3
5. 8«46 1005 20 7.8 9- 4-5%0 1830 26.7 16.% 10-20-54 1ils 4.4 4.4
5-22-46 1510 16.7 6.7 9~ 5-50 1035 22.2 13.9 1~ 5-5% 1115 -2.2 ¢}
7-31-46 1915 15 13.9 10-23~50 1215 8.3 10 2-_3-%5 0900 “6.TF .6
9-13-46 0950 16.1 12.2 11-25-50 1425 3.3 2.8 2-27-8% 1330 -2.2 .6

12-19-46 1100 -13.3 0 1-16-51 1610 -5.6 2.2 3-19~55 1729 5 3.9
1-28-47 1240 -7.2 o 1-17-51 1100 ~3.3 2.2 4-20-55 1710 4.4 4.4
2+30-47 1250 16.7 5.6 2-23-51 1805 -1.1 2.2 5.18-55 1745 23.9 -
5-19-47 1515 21.1 6.7 4-12-51 1505 15.6 8.3 6- 2-5%5 1150 18.3 6.1
6-29-47 1430 25.6 13.3 5-17-5L 10Ll% 16.7 6.1 6- 6-%5% 1555 24 .4 6.7
8-11-47 1150 21l.1 14.4 5-20-51 1645 27.8 8.3 5-11-55 2040 33.3 .4
g.24-47 1150 28.3 13.9 5-28-51 1300 17.2 7.2 6-12~-55 1120 30.6 9.4

12-14~-47 1438 1.1 2.8 6-20-51 0915 21,1 4.4 6~13-55 1340 22.2 7.8
1-22-48 1145 1.1 & 8-15-51 1030 23.3 20.6 6-~23-55 1215 20 7.8
3. 2-48 1225 3.2 2.2 9-15-5L 1935 20.6 11.7 8-10-5% 0800 18.3 .=
4w 9-48 1250 16.7 10.6 10-24-51 1025 4.4 -- 9-1L8-55 1230 14.4 -
5-25-48 1640 23.3 8.9 12-14-51 1208 -6.7 0 1L+« 3-55 1415 3.9 5
8- 3«48 1000 21.7 12.8 1-18-52 1200 B N 1-17-%6 1210 «1.] 1.1
8-24-48 1205 22.8 1z.2 3- §-52 1045 3.3 & 2-15-56 1405 -15 .6

10~ 6-48 1200 2.8 a.9 4~17-5%2 1100 19.4 7.8 2-29~58 1125 4.4 .1

1i~32-48 1700 6.7 5.6 5- 9-32 11l0 22.2 9.4 3-15-%6 1805 13.3 6.7
1-19-49 1120 ~12.8 ¢} 5-22-52 1025 20 8.3 4-26-56 1440 18,9 -
3-11-49 0830 ~.5 1.7 5-27-52 1459 25 8.9 5-22-56 1250 -- 6.7
4-1%-49 1135 18.3 7.2 6~ 9-%2 1545 27.8 11.1 6~ 2-56 1630 21.7 9.4
5~ 4-49 1230 20.6 7.2 6-12-%2 0945 12.8 2.4 7-11-56 L1730 29.4 14.4
5.11-4% 1830 28.9 g.4 7-19.52 1340 a0 14.4 8- 3-56 1400 - 14.4
5.15-49 1755 26.1 9.4 9- 5~52 1905 -- 17.8 9.12-36 1200 7.8 13.3
5-18-49 2000 18.3 9.4 11~22-52 1330 17.8 8.9 10- 31-36 1230 13.¢ 11.1
5-20~49 2000 12.8 7.8 12-10-%2 L300 -.6 1.7 16~ 1«56 1435 17.2 11.7
5-23-4%9 1800 20.6 8.9 1-20-53 113% 1.7 2.8 10-18-56 135% 14.4 8.9
5.26-48 1435 27.8 8.9 2-19-53 1125 9.4 .6 11-26-56 1545 -3.9 2.2
‘6~ 3-49 1005 18.3 7.8 3- 3-53 1850 10.8 2.2 §-17-537 1028 i6.1 .-
6-L0-49 0950 22.2 9.4 4-30-53 1830 8.3 6.7 6-22-57 1110 - 10
g- 3-49 1330 29.4 16.1 5- 8-~53 1830 k1.1 4.7 11-12~57 1645 4.4 7.8
9.20-4% 1100 1l.1 9.4 5.18-53 1435 17.2 7.8 12-14-57 1050 ~3.9 2.2

11-31-49 1700 iL.7 7.2 7~ 7-53 1500 27.8 10.6 1-25«58 11l1S wd. 4 2.2

12~ 3-49 1220 -1.7 1.7 1i~ =53 1209 10 5.6 2-24-58 1720 6.1 5.6
1-24-50 0950 ~«17.2 Q 12+ 3-53 1300 2.2 2.2 12- 2-58 103¢C .6 -
3~ 3~530 3150 5.6 5 1-21-54 1330 =-11.1 ¢} i- 9«59 1100 3.3 Com—
5-10-50 1320 25 10 2~ 2-54 1600 -1.1 0 2-28-59 1150 .6 2.2
5-25.50 1720 28.9 10 4~ 1-~54 1035 2.8 3.3 3-30-59 1500 5.6 7.8
5.30-50 L1910 30.6 9.4 5-18-84 1400 25.6 9.4 4~29-59 1435 ig.3 8.3
6- 6-50 1015 21.1 9.4 6~ 1-54 1445 20 9.4 5~ 9-89 1350 1l4.4 8.9



BASIC DATA

TABLE C9.~~Air and water temperatures at streamflow-gaging stations--Continued

Temperature (o Temparature {°C} Temparature [°0
e ) Date  Time e Date  Time e (%)

Air Water Aixr Water Air Water

Date Pime

61. Methow River at Twisp (12449500)--Continued

5-31-5% 0910 20 7.8 7- 7-64  131s 3.7 14.4 il-29-61 0935 5 -
6« 4-59 131§ 20.6 6.7 8-10-60 0900 25,6 13.3 iz« 5-61 1400 7.2 2.8
6-20-59 1538 25.6 2.4 2-30-60 1520 21.1 13.9 - 7-82 1300 3.9 5.6
6-23~59 1535 27.8 10.6 9-19-60 1525 26.7 13.3 2-13-62 1400 2.2 e
7-26-5% 0850 25.6 12.2 10-18-60 1315 18.3 4.4 3-29-82 0745 L.7 5
8-29%-59 1140 20 15 11-20-6G 0920 3.9° 4.4 4-312-62 1810 21.: 11.7
9-28-%9 1s20 17.8 1i.1 12- 2«60 1050 -5 .6 5- 1-62 1015 1.1 7.8
11~ 8-59 1205 .6 2.8 1-28-61 0990 ~9.4 .6 5-1%~62 L1055 16.1 9.4
12- 4-59 1550 2.8 1.7 2-27-63% 1330 5 1.1 6-29-62 1200 27.2 5
1+~ 9-60 1450 -3.9 - 3-31-61 1430 8.2 2.2 7- 8-62 1310 23.3 22.8
2-18-60 125% 4.4 2.8 5~ 1l-61 1215 l4.4 6.7 8-14~62 1025 25.6 13.3
4- 1-60 1415 L0 2.2 5-19-81 1235 25 1G 9-18-62 1205 2.7 13.3
4-2G-60 0820 10 5.8 5-20-861 0810 21.% 10

3-13-60 0745 - 4.4 9-30-61 0945 ~— 13.9

5«17-60 (920 lz.8 5.6 11- 3-61 0900 -1.1 1.1

6. Beaver Creek below South Fork, near Twisp (12449600)

4-20-60 1530 8.3 3.3 1-231-64 1310 ~1.7 o 4- 4-68 1420 12.8 3.3
5«12-60 1815 12.8 3.9 3- 3~64 Q900 2.2 o 5-16-68 1640 20.6 7.8
3-17-60 1015 15.6 3.3 4~ 8-64 Q750 6.7 1.1 5-21-68 1530 -- 3.3
6~ 7-60 0800 10 2.8 5-13-64 1655 8.3 5 6-27-68 1605 1.1 11.1
7- 7-60 (0845 24.4 10.6 6- 2-64 0820 13.3 6.7 8- 9-68 0905 -- 10
8~10-60 1615 3L.7 15 6- T-64 1345 17.8 8.9 10- 1-68 1710 17.8 6.7
8-23«6C 1710 1.1 8.9 6~13-64 1645 i8.9 10 10~31-68 0920 -1.1 N
9-16-60 1710 25 8.7 7-23-64 1330 20.6 10.6 12-17-68 1625 -3.,9 .6
10-19-60 0755 8.3 3.3 8-27-64 1650 12.8 1o 2- 6»569 1800 -3.9 G
11-20-60 1400 4.4 1.1 9~24-64 1550 18.3 8.9 5-28-69 0955 3.3 .6
12-22-60 1200 ~3.3 0O l0~29-64 1520 6.1 1.7 5« 8-69 1430 23.¢ 6.1
1-27-61 1525 -5.6 Q 12-12-64 0840 ~-8.3 0 5-L3~69 1210 10.6 3.3
2-28-61 1335 -i.1 -6 1~26-65 14635 -7.2 ¢} 5-28-69 1305 6.7 5
5-19~861 1700 23.3 7.2 2-24+65 1000 3.3 ¢ 6-12-69 1755 - 12.2
5-20-61 0915 15 3.9 4- 6-65 1100 1.1 1.1 7-18-69 091§ 18.3 8.¢%
6~25+61 1840 - 16.7 5-17~65 1845 15.6 3.3 8-28-69 1525 ~-- 10.6
@-29-81 1810 - 8.9 6- 5-65 110 25.8 10 10« 6-6%9 1830 lz.2 5.6
+0- 2~61 1030 -2,2 ¢ 12- 9-465 1250 7.8 o] 11-20-~69 1540 1.1 Qg
12~ 5-61 0925 3.3 1.7 1~20-66 1050 ~11.1 .6 1- 9-70 0920 -5.6 0
2-13-62 1158 2.2 1.1 4- 7-66 1452 21.1 4.4 2-27-70 1150 2.2 .6
3-28-62 1830 1.7 i.l 5-13-66 1340 11.7 5 4~ 2-70 1345 e 2.2
4-32-62 1725 ig e 6-22-66 1320 18.9 4.4 G«13-70 1425 7.2 2.2
5- 1-62 1145 13.4 4.4 ?-20-66 1017 18.3 10 5-14-70 1635 16.7 6.1
6-29-62 1000 20 4,4 9~ 1-68 1450 20.6 1.7 G- 4-70 1710 6.7 1.1
8+14-62 L1259 26.7 1z2.8 10~ 4-66 1230 L&.7 7.2 7-23-70 1200 30 1.1
9-18-62 0745 T.2 6.7 1l- 3«66 1440 8.9 2.2 8-26~70 1623 28.9 13.3
16-16-62 1200 10 3.3 12-19-68 1835 3.3 Q 10-21-70 0930 5.6 2.2
11-14~82 0835 1.1 1.1 1-23-87 1058 6.1 0 12- 8-70 0710 ~8.9 .6
12-20~62 1000 “1.7 G 3w 2-67 1600 4.4 o] 1-21-71 1400 G -6
1-21-63 1845 -6.7 O 4-11-67 L40S 14.4 7.8 3-16-71 1728 3.3 ¢}
3- 1-63 0845 ~-.6 ¢} 5-20-67 1655 25.6 4,4 5~ 6-71 1525 2L.7 8.9
4~ 2«63 0950 5.6 0 5-23-67 1339 27.8 = 5413-71 1115 11,7 3.3
4-30-63 1020 8.9 2.8 6~ 9«67 1150 27.2 6.7 6-15~7L L1750 21.7 8.9
5-29-63 0855 19,4 g 7-25-67 1215 27.2 rL2.2

6« 7-63 0930 20.6 9.4 8-31-67 1410 2.8 13.9

6-15-63 1043 26.7 9.4 10~ 7-87 1018 10.8 - 6.7

6-16-63 0755 14.4 8.3 Li- 6-67 1520 1.1 .6
10- 8-83 10625 15.6 5.6 12-310~867 1415 1.1 0
11-18-63 1640 3.3 1.7 1-19-68 1055 2.2 .6

12-20~-63 0905 ~3.3 0 3- 1-68 1108 - .6
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TARLE C49.~~Air and water temperatures at streamflow-gaging stations--Continued

Temperature [ °C)

Temperature (°C)

Temperature (°C)

Date Time Date Tirfe Date Time
Alr Water Air Water Air Water
68. Beaver Creek near Twisp (12449700}

5-16-56 1500 24.4 5.6 1- 9-8¢ 1400 2.2 o] 3-31-60 1600 i7.2 2.8
5-19-58 143% -- 8.9 2-28~59 1355 5.6 2.2 4-2G-60 1210 8.3 5.6
7-17~56 1135 32.8 13.3 3-30-59 1620 6.1 4.4 5-12-60 1230 16 3.9
8- 4-56 10is - 10 5- 8-5% 1600 19.4 8.9 5-17-60 101G 15.6 3.3
g-12-56 1535 22.2 2.8 5-31-59 1245 23.3 8.9 B T80 1225 17.2 6.7
£1-27-56 0950 21.1 0 6- 4-5%9 0945 -— 6.1 8-190-60 L4ks 36.1 17.2
1-28-57 16535 -12.2 4] 6-20-59 1130 28.9 10 9-19-60 1730 23.3 6.7
4-24-57 1435 12.2 3.9 7-25-39 1500 28.9 17.8 10-19-80 1000 10 3.3
5-16~57 1400 - 5 8-28-59 1525 25.6 i2.2 1i-20+60 1635 1.7 l.:
6-21-57 1645 -- 8.9 8-29-59 1620 22.2 1z.8 12-21-60 1530 ~6.1 .6

11-13-57 1150 4.4 3.3 9-26-59 0955 5.9 .1 1-27-61 1030 -1i.1 0
12-1t4-57 1420 -2.2 ¢ 1i- 8-3%9 1445 8.3 2,2 2.28-861 1120 -1.1 .6
1-25-58 1455 0 .6 12- 5-59 1018 ~5.6 o 5-19-61 1800 23.3 8.3
2-24-58 1520 6.1 1.7 i- 9-60 0930 -15.6 o 5-20-61 1140 30 6.7
12- 2-58 1420 1.7 .6 2~18-60 1610 .6 5.7 G-20-61 1705 - 8.3
11-26-61 1200 [ 1.1

86. Methow Rivey near Pateros {12449930)

3~11-55 - 5.1 4.4 5-30~-61 1710 21.7 l¢ 13-12-64 1055 -12.2 0
2-14-56 -- ~4.4 o} 6~25-61 1030 35.6 20.6 L-27-85% 1250 5.6 -6
3-1-56 1010 9.4 - 9-30-p1 1815 -- 8.3 2+23-65 1510 5.6 2.8
5-23-56 0930 27.8 8.3 12- 4~61 1350 2.2 2.8 3~30-65 1325 18.3 6.7
6-24-5%6 1245 40 17.8 1. B8-62 1115 3.3 3.3 5-17-65 1530 23.% 8.9
10-17~56 1525 7.8 1G.6 2-14-62 1030 5 4.4 6-19-65 1240 30.6 14.4
11-12-57 13565 7.8 -- 3-29-62 1055 10.6 7.2 10Q-28-65 1325 20 10,6
9-24~57 1130 -- 1% 4-12-62 1205 16.7 10 11~18~65 1600 6.1 -
12-13-57 1530 -6 2.2 4-30-62 1615 15.1 8.9 12- ¢-65 1525 6.1 1.7

1-24-58 1830 1.7 -6 %-1%-82 093¢ 18.9 -- 1« 6-686 1215 ~2.2 Q

2.25-58 0945 5.6 o 6-1l4-562 1015 18.9 9.4 1-21-66 12358 -5 Q
4-29-59 11i5 18.9 8.3 6-29-62 L1500 - 5.6 3~ 3-66 0845 o] 1.1
5- 8-59 1240 22.2 10 7- 9-62 10630 27.8 15 3-21-66 1605 7.8 8.3

6~ 1-59 1110 25.86 o 8-13-62 13500 28.3 18.3 4 B-66 1500 22.2 1o
6- 5-59 1000 - 6.7 9-17-62 1535 25.6 14.4 4£-28~66 1540 6.1 8.9
6-21-59 1045 27.8 10 1G~-315-62 L1730 13.9 9.4 5-12-66 1l4s 22.2 8.9

6-24~5%9 1345 31.1 31.1 11-14~-62 1300 7.8 6.1 5-17~66 1620 17.8 i
7-26-59 1700 33.3 17.8 12-20-62 1400 3.9 3.3 5-27-66 1220 24.4 9.4
8-30-59 1300 25.8 l4.4 1.21~63 1440 ~1.7 0 Gn21-66 1510 20 10.6
9-28-39 1120 11.1 9.4 3- 1-83 1030 8.3 3.9 7- 1-66 1300 26.7 14.4
1i- 9-59 121% N 2.8 4- 1-63 1440 14.4 5.3 7-19-66 2010 21.1 i6.7

L2- 5-59 1415 .6 o 4-~29-63 153% 14.4 il.1 9- 2-68 0850 25.6 15
1-10-6G L1230 -3.9 4] 5-23-63 1730 26.7 i0 Q-28~66 1955 25.6 13.9
2-17-6C 1415 3.3 2.2 5-26-63 1415 26.1 8.9 11~ 4-66 1540 3.3 2.8
4-18-60 1320 12.2 5.6 6-14-63 1l40 30 11.1 12-19-66 1500 ] 3.3
5-13-60 1400 15.6 5,6 7-16~63 1345 31.1 15 1-20-87 1600 2.2 --

5-17-560 0845 14.4 5.6 1Q- 7-63 1445 17.2 12.2 22767 1502 5.3 53
6~ 6-60 1300 17.8 7.8 11-18-63 1540 2.8 4.4 4-1G-67 1343 8.9 --

7- 6~60 1435 38.9 id4.4 12-20-83 1240 2.2 1.7 5-15-67 1323 17.8 10
8- 9-80 1415 32.8 21.1 1-22-64 1125 5.6 o] 5-22-67 L1600 25.6 8.2
9-20-60 1810 19.4 15.48 3~ 2-64 1330 2.2 3.3 6~ 3-67 1910 20 7.8
9-30-60 1603 20 14 .4 4- 7-64 1400 18.3 5.6 6-22-67 1515 21.1 11.1
i0-12-60 1500 18.3 9.4 5-14-64 0BL5 17.2 6.7 G-29-67 . 1240 27.8 1i.7
11-1%-60 1530 -- 5 5-23-64 1540 20.6 8.9 9= 1-67 1515 35.6 1l4.4
12- 8-60 1030 -1.7 1.7 -6~ 1-64 1745 23.3 8.9 9-28-67 0830 14.4 2.2
12-14-860 1550 -3.3 0 6~ 7-84 1830 20.6 10.6 Lg-25-67 1025 5.6 7.8
1-29~61 1020 -1.7 G 7-24-64 0725 17.8 12.8 11-10-67 1815 3.9 5.6
3. 6-61 1lloO 4.4 1.1 8-28-64 0930 135 12.8 12-1l-87 1210 -.6 .6
5-19-61 1050 17.8 1o §-25-64 0815 13.3 1.7 1-19-68 1300 4,4 2.2
§-20-61 1625 29.4 10 1i- 4-64 1120 4.4 3.9 2-21-68 1455 6.1 2.2



TABLE C9.--Air and water temperatures at streamflow-

BASIC DATA

gaging stations~--Continued

Temperature {°C)

Temperature (9C)

Temperature (°C)

Date Time — BDate Time —— R Date Time ™
Alir Water Alr Water Ajx Water
86. Methow River near Pateyos (12449950)--Continued

4-11-68 1250 7.2 5.6 5-27-6% 1115 15.6 7.8 1-19-71 0900 2.2 0.6
5-22-68 1800 24.4 8.3 T 9-69 1630 37.7 19.4 3-17-71 1300 5 L.L
7~15-68 1510 28.9 1z.2 8-13-69 1200 28.3 17.8 5+ B-71 1200 16.7 8.3
8-22-68 1130 26.7 13.9 9-25-69 1030 14.4 32.2 5-14-71 1415 15.6 6.1
9-25-68 1623 21.1 15.6 1i- 7-89 0925 3.9 5.6 6-15~71 1458 20 8.3
10-28-68 1520 8.3 6.1 12+ 9-6% 1033 3.3 1.7
10-30-68 1300 - 6.7 1-23-70 1530 2.2 W]
12-11-68 1430 2.8 2.8 2-25-70 1015 4.4 2.8

L-10-69 1305 o] 0 6- 3-70 1130 30 10.6

1-24-69 1248 -17.8 o] T-15-70 1600 35 21,1

2~18-69 1500 Q (o] 8-26-7G 0845 18.3 16.1

3~ 7-69 1040 6.7 5.6 10-21-706 115C 6.7 7.8

3-27-69 1720 14.4 10.86 11-19-70 1245 10.6 2.2

4-14-69 1525 13.9 8.3 12- 8-70 0909 - 1.1

4-24-6¢ 1420  15.6 7.8 12-30-70 1700 -6 0

88. Alta Lake near Pateros (12450000)

3-11~%55 1520 2.2 o] 11-19-6C 1545 4.4 6.1 i~16-68 1620 4.4 -
9-15~55 1510 15.6 18.9 12-14-60 1620 ~3.3 N 8-22-68 1313 25.6 21.7
il~ 3-55 18390 1.1 8.9 1-28-81 1735 ~3.3 0 2~18-69 18600 o] o]
2-15-56 (0950 -~17.8 - 3- 6~81 0830 2.8 [¢] 7= 9«69 l840 32.2 21.1
T+16-56 1355 4.4 24.4 4~ -5l 0845 6.1 3.9 11- 7-4% 1015 17.2 10.6
1l-26-~56 1200 1.7 3.9 6-25-61 0905 22.8 26.7 1-21-70 15%4% 1.7 0
1- 7-~57 1403 o] a 9-30-61 1630 - 10 2-25-70 1220 5.6 o]
3~ 7-57 1230 7.2 - 8-13-82 1300 23.9 22.8 a4-13-70 1725 12.8 7.8
9-24~57 1440 30 23.3 9-17-62 1200 26.1 13.9 6~ 3-70 1340 32.8 --
11-13-57 1835 7.2 9.4 10-15~62 1330 3.3 l2.8 11-12-70 1530 18.9 i4.4
12- 1-58 1540 1.1 1.1 i1-13-62 163% 5 4.4 i-21-71 1030 == 0
i- 9-59 1530 2.8 - li-14-62 1630 5.6 5.6 3-17-71 105% - G
2-28-5% 1500 5.6 - 10- 7-63 1435 17.2 1s8.3 8-10-~71 1300 36.7 28.3
3-30-59 1725 6.7 12.8 11-18-63 1330 3.3 4.4
1l $-59 1280 - 9.4 12-20-83 1430 1.1 o]
12- 5-5% 1435 .6 3.9 3~ 2-64 1700 -.6 -

l- 98-80 1600 ~4.4 - 5-14-64 1110 i7.8 le.7

4-18-60 1705 8.9 6.7 6-14~64 0930 21.1 21.1

5-17-60 0835 14.4 13.3 12-12-64 1315 - 3.9

6~ 6-60 1600 17.8 17.8 2-23-65 1650 1.1 -—

7- 6~60 1830 8.9 25.6 3-30-65 1530 18.3 ¢}

7-19-60 1800 33.9 27.2 5~17-65 1220 lé.7 =

8- 9-60 1730 31.1 27.2 l-2i-86 1020 4,4 -

9-19-860 1100 26.1 21.7 9~ 2-66 0915 26.7 -
L0~18-60 1315 18.3 12.8 7-29~67 1108 32.2 24.4
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