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COLLECTION AND EXAMINATION OF SAMPLES 3

daily samples before compositing have not been reported. Spe-
cific conductance was usually determined on each daily sample,
and pH, chloride, or other determinations were also made on many
of the daily samples. As noted in the table headings these data
are available for reference at the district offices listed under Di-
vision of Work, on page 19.

Quantities of suspended sediment are reported for 27 sta-
tions during the year ended September 30, 1954, The sediment
samples were collected one or more times daily at most stations,
depending on the rate of flow and changes in stage of the stream.
Sediment samples were collected less frequently during the year
at  many other points. In connection with measurements of sedi-
ment discharge, sizes of sediment particles were determined at
27 of the stations. As noted under ""Remarks" in the table head-
ings, suspended-sediment concentrations also were determined
from the samples collected for chemical analyses in some parts
of the country. The data do not provide a reliable basis for com-
puting the loads of suspended sediment carried by the stream but
may be of value ‘.for design and operation of filtration plants uti-
lizing these stream waters. Records of these infrequent deter-
minations are available for reference in the district offices listed.

Material which is transported essentially in continuous contact
with the stream bed is termed bed load and is not considered in
this report. Allother undissolved material in transportis termed
suspended sediment and generally constitutes the major part of the
total sediment load. At the present time no reliable method has
been developed for determining bed load on a routine basis.

COLLECTION AND EXAMINATION OF SAMPLES
CHEMICAL QUALITY

Samples for chemicalanalyses were usually collected daily at,
or near, points on streams where gaging stations are maintained
for measurement of water discharge. Most of the analyses were
made on 10-day composites of daily samples collected for a period
of a year at each sampling point. Three composite samples were
usually prepared each month by mixing together equal volumes of
daily samples collected from the 1st to the 10th, from the 11th to
the 20th, and during the remainder of the month. For some streams
thatare subject to sudden and large changes in chemical composi-
tion or concentration, samples were composited for shorter periods
on the basis of the concentration of dissolved solids indicated by
measurements of specific conductance of the daily samples.

The samples were analyzed according to methods regularly
used by the Geological Survey. These methods are essentially the
same as or are modifications of methods described in recognized
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authoritative publications for the mineral analysis of water sam-
ples (Collins, 1928; Am. Public Health Assoc., 1946).

For those waters containing moderately large quantities of
soluble salts, the value reported for dissolved solids is the sum
of the quantities of the various determined constituents using the
carbonate equivalent of the reported bicarbonate. In other analy-
ses the value reported as dissolved solids is the residue on evap-
oration after drying at 180°C for 1 hour. Specific conductance is
given for most analyses and was determined by means of a con-
ductance bridge using a standard potassium chloride solution as
reference.

SUSPENDED SEDIMENT

In general, samples were collected daily with the US D-43
depth-integrating sampler (U. S. Inter-agency, 1948, p. 70-76)
from a fixed sampling point at one vertical in the cross section.
The US DH-48 hand sampler was used at many stations during
periods of low flow. Suspended-sediment samples, consisting of
depth-integrated samples at three or more verticals in the cross
section were made periodically to determine the cross-sectional
distribution of the suspended concentration with respect to that at
the daily sampling vertical. In streams where comparatively
rapid fluctuations in transverse distribution of water discharge or
sediment concentration are encountered at the sampling point,
samples were taken regularly at two or more verticals to deter-
mine the average concentration across the section. During peri-
ods of high flow, samples were taken two or more times through-
out the day at many sampling stations, and during periods of rap-
idly changing flow samples were taken hourly at some stations.

Sediment concentrations were determined by filtration or evap-
oration of the samples as required. At many stations the mean
daily concentration for some days was obtained by plotting the in-
stantaneous concentrations on the original or copies of the original
gage-height chart. The plotted concentrations adjusted, if neces-
sary,for cross-sectional distribution with respect to that at the
daily sampling vertical, were connected or averaged by continuous
curves to obtain a concentration graph. This graph represented
the estimated concentration at any time and, for most periods,
mean daily concentrations were determined from the graph. When
the concentration and water discharge were changing rapidly, the
day was often subdivided for this computation. For some periods
when the day-to-day variation inthe concentration was negligible,
the data were not plotted, and the average concentration of the
samples was used as the mean concentration for the day. For
certain stations, when the discharge and sediment concentrations
were relatively low and varied only slightly from day to day, the
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samples for a number ofdays were composited and the mean daily
concentrations and mean daily loads are shown.

For some periods when no samples were collected, daily sed-
iment loads were estimated onthe basis of water discharge, sed-
iment concentrations observed immediately preceding and follow-
ing the periods, and sediment loads for other periods of similar
discharge. The estimates were further guided by weather condi-
tions and sediment discharge for other stations.

In many instances where there were no observations for sev-
eral days, the sediment loads for individual days are not esti-
mated, as numerous factors influencing the quantities of trans-
ported sediment made it very difficult to make accurate estimates
of sediment loads for individual days. However, estimated sedi-
ment loads for missing days in an otherwise continuous period of
sampling have been included in monthly and annual totals for most
streams to provide a complete record.

In addition tothe records of total quantities of sediment, rec -
ords of the particle sizes of sediment are included also. Thepar-
ticle sizes of the suspended sediments were determined periodi-
cally for many of the stations. As much of the material carried
in suspension can pass through the finest sieves, the bottom-
withdrawal tube method (U. S. Inter-agency, 1943, p. 82-90) was
used in most of the analyses. Generally, sieves were used in the
determination of particle sizes for sediments which were predom-
inantly coarser than 0.062 mm. Size distribution for some sedi-
ments wasdetermined by a combination of sieves and pipette meth-
ods in which the size fraction 0.062 mm and larger was analyzed
by sieves and that smaller than 0.062 mm was analyzed by the
pipette method (Kilmer and Alexander, 1949). Native or distilled
water, as noted in the tables of analyses, was used as the settling
medium. In some instances, chemical dispersing agents were
added to the settling medium. As settling diameters of the clay
and colloidal fractions are often affected bythe chemical charac-
ter of the settling medium, analyses made using native water may
more nearly simulate particle sizes existing in the stream. Re-
sults of analyses using distilled water or using a settling medium
containing dispersing agents approximate ultimate particle sizes
of the finer fractions. The concentration of sediment suspension
for analysis was reduced to less than 5,000 parts per million,
where necessary, by means of a sample splitter, in order to stay
within limits recommended for the bottom-withdrawal tube or pip-
ette method. The concentration of suspended sedimentused in the
bottom-withdrawal tube or pipette cylinder was often different from
the concentration inthe original suspension. The concentration at
which analyses were made is indicated in the appropriate tables.
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TEMPERATURE

For most of the stations, daily water temperatures were ob-
tained at the time that the chemical quality or sediment samples
were collected. So far aspracticable the water temperatures were
observed at about the same time each day for an individual river
station in order thatthe data would be relatively unaffected by di-
urnal variations in temperature. For most large, swiftly flowing
streams the diurnal variation in water temperature is probably
small, but for sluggish or shallow streams the daily range in tem-
perature may amount to several degrees and may follow closely
changes in air temperature. The thermometers used for deter-
mination of water temperature were accurate to plus or minus
about 0.5°F.

Records of thermograph observations consist of maximum and
minimum temperatures for each day, and the monthly averages of
the maximum daily and minimum daily temperatures.

EXPRESSION OF RESULTS

The dissolved mineral constituents are reported in parts per
million. A part per million is a unit weight of a constituent in a
million unit weights of water. Equivalents per million are not
given inthis report although the expression of analysesin equiva-
lents per million is sometimes preferred. An equivalent per mil-
lion is a unit chemical combining weight of a constituent in a mil-
lion unit weights of water and is calculated by dividing the concen-
tration in parts per million by the chemical combining weight of
the constituent. For convenience in makingthis conversionthe re-
ciprocals of chemical combining weights of the most commonly
reported constituents (ions) are given in the following table:

Constituent Factor Constituent Factor
Iron (Fet*).......... 0.0358 Carbonate (CO5"~)..0.0333
Iron (Fett*t)......... .0537 Bicarbonate (HCO;™). .0164
Calcium (Ca**)...... .0499 Sulfate (SO4~7) ..... .0208
Magnesium (Mg*+*)... .0822 Chloride (C17)...... .0282
Sodium (Na*t)........ .0435 Fluoride (F7)....... .0526
Potassium (K*) ...... .0256 Nitrate (NO37)...... .0161

Results given in parts per million can be converted to grains
per United States gallon by dividing by 17.12. A calculated quan-
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tity of sodium and potassium is given in some analyses and is the
quantity of sodium needed in additiontothe calcium and magnesium
to balance the acid constituents.

The hardness, as calcium carbonate (CaCO,), is calculated from
the equivalents of calcium and magnesium except for afew samples
for which the reported values also include equivalents of free min-
eral acid, aluminum, iron, and manganese when present in signif-
icant quantities. The hardness caused by calcium and magnesium
(and other ions if significant) equivalentto the carbonate and bicar-
bonate is called carbonate hardness; the hardness in excess of this
quantity is called noncarbonate hardness.

In the analyses of most waters used for irrigation, the quan-
tity of dissolved solids is given in tons per acre-foot as well as in
parts per million. Percent sodium is computed for those analyses
where sodium and potassium are reported separately by dividing
the equivalents per million of sodium by the sum of the equivalents
per million of calcium, magnesium, sodium, and potassium and
multiplying the quotient by 100, In analyses where sodium and po-
tassium were calculated and reported as a combined value, the
value reportedfor percent sodium will include the equivalent quan-
tity of potassium. In most waters of moderate to high concentra-
tion, the proportion of potassium is much smaller than that of sodium.

Specific conductance values are expressed in reciprocal chms
times 106 (micromhos at 25°C). The discharge of the streams is
reported in cubic feet-per second (see Streamflow, p. 21) andthe
temperature in degrees Fahrenheit, Color is expressed in units of
the platinum-cobalt scale proposed by Hazen (1892, p. 427-428).
Hydrogen-ion concentration is expressed in terms of pH units, By
definitionthe pH value of a solution is the negative logarithm of the
concentration of gram ions of hydrogen. However, the pH meter
which is generally usedin Survey laboratories, determines the ac-
tivity of the hydrogen ions as distinguished from concentration.

An average of analyses (arithmetical or weighted) for the water
year is givenfor most daily sampling stations. An arithmeticalav-
erage represents the composition of water that would be contained
in a vessel or reservoir that had received equal quantities of water
from the river each day for the water year. A weighted average
represents approximately the composition of water that would be
found in a reservoir containing all of the water passing a given sta-
tion during the year after thorough mixing in the reservoir. The
weighted average of the analyses is computed by multiplying the
discharge for the sampling period by the quantities of the individual
constituents for the corresponding period and dividing the sum of
the products by the sum of the discharges. Water as represented
by the weighted average is less concentrated than that represented
by the average of the individual analyses for most streams because
at times of high discharge the rivers generally have lower concen-
trations of dissolved solids. . '

Mean daily sediment concentrations are expressedin parts per
million by weight. A part per million of sediment is computed as

488817 O -59 -2
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1,000,000 times the ratio of the weight of sediment to the weight
of water-sediment mixture. Daily sediment loads are expressed
in tons per day, and except for subdivided days are usually obtained
by multiplying daily mean sediment concentration in parts per mil-
lion by the daily mean discharge, and the appropriate conversion
factor, normally 0.0027.

Particle-size analyses are expressed in percentages finer than
indicated sizes in millimeters. The size classification used in
this reportis that recommended by the American Geophysical Un-
ion Subcommittee on sediment terminology (Lane, et al; 1947, p.
937). Other data included as pertinent to the size analyses for
many streams are the date of collection, the stream discharge
and sediment concentration when sample was collected, the con-
centration of the suspension during analysis, and the method of
analysis.

COMPOSITION OF SURFACE WATERS

All natural waters contain dissolved mineral matter. Water
in contact with soils or rock, evenfor only a few hours, will dis-
solve some rock materials. The quantity of dissolved mineral
matter in a natural water depends primarily on the type of rocks
or soilsthrough whichthe water has passed and the length of time
it has been in contact with the rocks or soils. Some streams are
fed by both surface runoff and underground water from springs or
seeps. Such streams reflectthe chemical character of their con-
centrated underground sources during dry periods and are more
dilute during periods of heavy rainfall. Underground water is us-
ually more highly concentrated than surface runoff as it remains
in contact with the rocks and soils for much longer periods. The
concentration of dissolved solids in a river water is frequently in-
creased by drainage from mines or oil fields, by the addition of
industrial or municipal wastes, or--in irrigated regions--by re-
turn drain waters.

The mineral constituents and physical properties of natural
waters reported in the tables of analyses include those that have
a practical bearing onthe value of the waters for most purposes.
The analyses generally include results for silica, iron, calcium,
magnesium, sodium, potassium (or sodium and potassium together
as sodium), bicarbonate, sulfate, chloride, fluoride, nitrate, bo -
ron, and dissolved solids. Aluminum, manganese, color, pH,
acidity, oxygen consumed, and other dissolved constituents and
physical properties are reported for certain streams. The source
and significance of the different constituents and properties of nat-
ural waters are discussed in the following paragraphs.
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MINERAL CONSTITUENTS IN'SOLUTION

Silica (SiO,)

Silica is dissolved from practically all rocks. Some natural
surface waters contain less than 5 parts per million of silica and
few contain more than 50 parts, but the more common range is
from 10 to 30 parts per million. Silica affects the usefulness of
a water because it contributes to the formation of boiler scale; it
usually is removed from feed water for high-pressure boilers.
Silica alsoforms troublesome deposits on the blades of steam tur-
bines.

Aluminum (Al)

Aluminum is usually present only in negligible quantities in
natural waters except in areas where the waters have beenin con-
tact with the more soluble rocks of high aluminum contentsuch as
bauxite and certain shales. Acid waters often contain large a-
mounts ofaluminum. It maybetroublesomein feed waters where
it tends to be deposited as a scale on boiler tubes.

Manganese (Mn)

Manganese is dissolved in appreciable quantities from rocks
in some sections of the country. Waters impounded in large res-
ervoirs may contain manganese that has been dissolved from the
mud on the bottom of the reservoir by action of carbon dioxide
produced by anaerobic fermentation of organic matter. Manga-
nese is not regularly determined in areas where it is not present
in the waters in appreciable amounts. It is especially objection-
able in water used inlaundry work and in textile processing. Con-
centrations as low as 0.2 part per million may cause a dark-brown
or black stain on fabrics and porcelain fixtures. Appreciable quan-
tities of manganese are often found in waters containing objection-
able quantities of iron.

Iron (Fe)

Iron is dissolved from many rocks and soils. Onexposure to
the air, normal basic watcrs that contain more than 1 part per



10 QUALITY OF SURFACE WATERS, 1954

million of iron soon become turbid with the insoluble reddish fer-
ric oxide produced by oxidation. Surface waters, therefore, sel-
dom contain as much as 1 part per million of dissolved iron, al-
though some acid waters carry large quantities of iron in solution.
Iron causes reddish-brown stains on white porcelain or enameled
ware and fixtures and on fabrics washed in the water.

Calcium (Ca)

Calcium is dissolved from practically all rocks and soils, but
the highest concentrations are usually found in waters that have
been in contact with limestone, dolomite, and.gypsum. Calcium
and magnesium make water hard and are largely responsible for
the formation of boiler scale. Most waters associated with granite
or silicious sands containless than 10 parts per million of calci-
um; waters in areas where rocks are composed of dolomite and
limestone contain from 30 to 100 parts per million; and waters
that have come in contact with deposits of gypsum may contain
several hundred parts per million.

Magnesium (Mg)

Magnesium is dissolved from many rocks, particularly from
dolomitic rocks. Its effectin water is similar to that of calcium.
The magnesium in soft waters may amount to only 1 or 2 parts
per million, but water in areas that contain large quantities of
dolomite or other magnesium-bearing rocks may containfrom 20
to 100 parts per million or more of magnesium.

Sodium and potassium (Na and K)

Sodium and potassium are dissolved frompracticallyall rocks.
Sodium is the predominant cation in some of the more highly min-
eralized waters found in the western United States. Natural wa-
ters that contain only 3 or 4 parts per million of the two together
are likely to carry almost as much potassium as sodium. As the
total quantity of these constituents increases, the proportion of
sodium becomes much greater. Moderate quantities of sodium
and potassium have little effect onthe usefulness of the water for
most purposes, but waters that carry more than 50 or 100 parts
per million of the two may require careful operation of steam
boilers to prevent foaming. More highly mineralized waters that
contain a large proportion of sodium salts may be unsatisfactory
for irrigation.
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Carbonate and bicarbonate (CO; and HCOs)

Bicarbonate occurs in waters largely through the action of
carbon dioxide, which enables the water to dissolve carbonates
of calcium and magnesium. Carbonate as such is not usually
present in appreciable quantities in natural waters. The bicar-
bonate in waters that come from relatively insoluble rocks may
amount to less than 50 parts per million; many waters from lime-
stone contain from 200 to 400 parts per million. Bicarbonate in
moderate concentrations in water has no effect on its value for
most uses. Bicarbonate or carbonate is an aid in coagulation for
the removal of suspended matter from water.

Sulfate (SO,)

Sulfate is dissolved from many rocks and soils--in especially
large quantities from gypsum and from beds of shale. It isform-
ed also by the oxidation of sulfides of iron and is therefore pres-
ent in considerable quantities in waters from mines. Sulfate in
waters that contain much calcium and magnesium causes the for-
mation of hard scale in steam boilers and may increase the cost
of softening the water.

Chloride (C1)

Chloride is dissolved from rock materials in allparts of the
country. Surface waters in the humid regions are usually low in
chloride, whereas streams in arid or semiarid regions may con-
tain several hundred parts per million of chloride leached from
soils and rocks, especially where the streams receive return
drainage fromirrigated lands or are affected by ground-water-in-
flow carrying appreciable quantities of chloride. Largequantities
of chloride may affect the industrial use of water by increasing
the corrosiveness of waters that contain large quantities of calci-
um and magnesium.

Fluoride (F)

Fluoride has been reported as being present in some rocks to
about the same extent as chloride. However, the quantity of flu-
oride in natural surface waters is ordinarily very small compared
to that of chloride. Recent investigations indicate that the inci-
dence of dental caries is less when there are small amounts of
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fluoride present inthe water supply than when there is none. How-
ever, excess fluoride in water is associated with the dental defect
known as mottled enamel if the water is used for drinking by young
children during calcification or formation of the teeth (Dean, 1936,
p. 1269-1272). This defect becomes increasingly noticeable as the
quantity of fluoride in water increases above 1.5 to 2.0 parts per
million.

Nitrate (NO,)

Nitrate in water is considered a final oxidation product of ni-
trogenous material and in some-instances may indicate previous
contamination by sewage or other organic matter. The quantities
of nitrate present in surface waters usually amount to less than 5
parts per million (as NO;) and have no effect on the value of the
water for ordinary uses.

It has been reported that as much as 2 parts per million of ni-
trate in boiler water tends to decrease intercrystalline cracking
of boiler steel. Studies made in Illinois indicate that nitrates in
excess of 70 parts per million (as NO;) may contribute to methe-
moglobinemia (""blue babies") (Faucett and Miller, 1946, p. 593),
and more recent investigations conducted in Ohio show that drink-
ing water containing nitrates in the range of 44 to 88 parts per mil-
lion or more (as NO,;) may be the cause of methemoglobinemia in
infants (Waring, 1949). In a report published by the National Re-
search Council, Maxcy (1950, p. 271) concludes that a nitrate con-
tent in excess of 44 parts per million (as NO,) should be regarded
as unsafe for infant feeding.

Boron (B)

Boron in small quantities has been found essential for plant
growth, but irrigation water containing more than 1 part per mil-
lion boron is detrimental to citrus and other boron-sensitive crops.
Boron is reported in Survey analyses of surface waters in aridand
semiarid regions of the Southwest and West where irrigation is
practiced or contemplated, butfew of the surface waters analyzed
have harmful concentrations of boron,

Dissolved solids

The reported quantity of dissolved solids--the residue on evap-
oration--consists mainly of the dissolved mineral constituents in
the water. It may also contain some organic matter and water of
crystallization. Waters withless than 500 parts per millionof dis-
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solved solids are usually satisfactory for domestic and some in-
dustrial uses. Waters containing several thousand parts per mil-
lion of dissolved solids are sometimes successfully used for irri-
gation where practices permit the removal of soluble salts through
the application of large volumes of water on well-drained lands.

PROPERTIES AND CHARACTERISTICS OF WATER

Oxygen consumed -

The valuefor oxygen consumed furnishes an approximation of
the oxidizable matter in the unfiltered and filtered samples and
gives a partial measure of polluting materials suchas sewage and
oxidizable industrial wastes. Naturally highly colored waters may
have relatively high oxygen consumed, although waters that are
not noticeably colored may contain oxidizable material.

Color

In water analysis the term "color" refers to the appearance
of water that is free from suspended solids. Many turbid waters
that appear yellow, red, or brown when viewedinthe stream show
very little color after the suspended matter has been removed.
The yellow-to-brown color of some waters is usually caused by
organic matter extracted from leaves, roots, and other organic
substances in the ground. In some areas objectionable color in
water results from industrial wastes and sewage. Clear deep wa-
ter may appear blue as the result of a scattering of sunlight by the
water molecules. Water for domestic use and some industrial uses
should be free from any perceptible color. A color less than 10
units usually passes unnoticed. Some swamp waters have natural
color of 200 to 300 units or more.

Hydrogen-ion concentration (pH)

The degree of acidity or alkalinity of water, as indicated by
the hydrogen-ion concentration, expressed as pH, is related to
the corrosive properties of water, and is useful in determining
the proper treatment for coagulation that may be necessary at wa-
ter-treatment plants. A pH value of 7.0 indicates that the water
is neither acid nor alkaline. Waters having pH values progres-
sively lower than 7.0 denote increasing acidity, whereas values
progressively higher than 7.0 denote increasing alkalinity (see
P. 7). The pH of most natural surface waters ranges between 6
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and 8. Some alkaline surface waters have pH values greater than
8.0, and waters containing free mineral acid usually have pH values
less than 4. 5.

Specific conductance (micromhos at 25°C)

The specific conductance of a water is a measure of its ca-
pacity to conducta currentof electricity. The conductance varies
with the concentration and degree of ionization of the different min-
erals in solution and with the temperature of the water. When con-
sidered in conjunction with results of determinations for other con-
stituents, specific conductanceis a useful determination and plays
an important partin indicating changes in concentration of the to-
tal quantity of dissolved minerals in surface waters. (Seep. 7 .)

Hardness

Hardness is the characteristic of water that receives the most
attention in industrial and domestic use. It is usually recognized
by the increased quantity of soap required to produce lather, The
use of hard water is also objectionable because it contributes to
the formation of scale in boilers, water heaters, radiators, and
pipes, with the resultant decrease in rate of heat transfer, possi-
bility of boiler failure, and loss of flow.

Hardness is caused almost entirely by compounds of calcium
and magnesium. Other constituents--such as iron, manganese,
aluminum, barium, strontium, and free acid--also cause hard-
ness, although they usually are not present in quantities large
enough to have any appreciable effect. Water that has less than
60 parts per million of hardness is usually rated as soft and suit-
able for many purposes without further softening. Waters with
hardness ranging from 61 to 120 parts per million may be con-
sidered moderately hard, but this degree of hardness does not
seriously interfere with the use of water for many purposes ex-
cept for use in high-pressure steam boilers and in some indus-
trial processes. Waters with hardness ranging from 121 to 200
parts per million are considered hard, and laundries and indus-
tries may profitably soften such supplies. Water with hardness
above 200 parts per million usually requires some softening before
being used for most purposes. '

Total acidity

The total acidity of a natural water represents the content of
free carbon dioxide, mineralacids, and salts--especially sulfates
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of iron andaluminum-- that hydrolyze to give hydrogenions. Acid
waters arevery corrosive and generally contain excessive amounts
of objectionable constituents, such as iron, aluminum, and man-
ganese.

Corrosiveness

The corrosiveness of a water is that property which makes the
water aggressive to metal surfaces and frequently results in the
appearance of the "red water' caused by solution of iron. The dis-
advantages of iron in water have been discussed previously. Ad-
ditionally, corrosioncauses the deterioration of water pipes, steam
boilers, and water-heating equipment. Many waters that do not
appreciably corrode cold-water lines will aggressivelyattack hot-
water lines. Oxygen, carbon dioxide, free acid, and acid-gener-
ating salts are the principal constituents in water thatcause cor-
rosion. In a general way, very soft waters of low mineral content
tend to be more corrosive thanhard waters containing appreciable
quantities of carbonates and bicarbonates of calcium and magne-
sium.

Percent sodium

Percent sodium is reported in most of the analyses of waters
collected from streams in the western part of the country where
irrigation is practiced extensively. The proportion of sodium to
all the basic constituents in the water has a bearing on the suita-
bility of a water forirrigation. (See p. 7 .) Waters in which the
percent sodium is more than 60 may be injurious when applied to
certain types of soils, particularly when adequate drainage is not
provided (Magistad and Christiansen, 1944, p. 8-9; Wilcox, 1948,

p. 6).

Sodium-adsorption-ratio

Sodium-adsorption-ratio (SAR) is the relative proportion of
sodium to other cations in an irrigation water.

SAR= Nat
\/ (Ca+++Mg++) /2

where the ionic concentrations are expressed in milliequivalents
per liter (or equivalents per million for most irrigation waters).
The term is usedfor soil extracts and irrigation waters to ex-
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press the relative activity of sodium ions in exchange reactions
with soil. SAR provides an estimate of the sodium or alkali haz-
ard and reportedly is more significant for interpreting water qual-
ity than percent sodium because it relates more directly to the ex-
changeable sodium percentage the soil will attain when it and the
water are in equilibrium.

The U. S. Salinity Laboratory diagram for classifying waters
for irrigation divides water into four classes withrespect to sodi-
um hazard, the dividing points being at SAR values of 10, 18, and
26. They range from low-sodium water that can be used for irri-
gation on almost all soils to very high-sodium water whichis gen-
erally unsatisfactory for irrigation.

SEDIMENT

Fluvial sediment is generally regarded as that sediment which
is transported by, suspended in, or deposited by water. Suspend-
ed sediment is that sediment which remains in suspension in wa-
ter owing to the upward components of turbulent currents or by
colloidal suspension. Most fluvial sediment results from the nor-
malprocess of erosion, which in turn is part of the geologic cycle
of rock transformation. In some instances, this normal process
may have been accelerated by agricultural practices. Sediment
also results from a number of industrial activities. In certain
sections, waste materials from mining, logging, oil-field, and
other industrial operations introduce large quantities of suspended
as well as dissolved material.

The quantity of sediment, transported or available for trans-
portation, is affected by climatic conditions, form or nature of
precipitation, vegetal cover, topography, and land use. An im-
portant property of fluvial sediment is the fall velocity of the par-
ticles in transport. Particle sizes, as determined by various
methods, represent mechanical diameters, which are related to
sedimentation diameters indirectly. Sediment particles in the
sand-size (larger than 0.062 mm) range do not appear to be af-
fected by flocculation or dispersion resulting from the mineral
constituents in solution. The sedimentation diameter of clay and .
silt particles in suspension may vary considerably from point to
point in a stream or reservoir, depending on the mineral matter
in solution and in suspension and the degree of turbulence present,
The size of sediment particles in transport at any point depends
on the type of erodible and soluble material in the drainage area,
the degree of flocculation present, time in transport, and char-
acteristics of the transporting flow. The flow characteristics in-
clude velocity of water, turbulence, and the depth, width, and
roughness of the channel. As a result of these variable charac-
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teristics, the size of particles transported, as well as the total
sediment load, is in constant adjustment with the characteristics
and physical features of the stream and drainage area.

PUBLICATIONS

Reports giving chemical analyses, suspended-sediment loads,
and water temperatures of samples of surface water made by the
Geological Surveyhave been published yearly since 1941. Records
for many of the stations listed in this report for the water years
ending September 30, 1941-1954 are listed below.

Numbers of water-supply papers containing records for
Parts 7 and 8, 1941-1954

Year'| WSP Year | WSP Year | WSP Year WSP

1941 | 942 1945 1030 1949 | 1163 1953 1292
1942 | 950 1946 1050 1950 | 1188 1954 1352
1943 | 970 1947 1102 1951 | 1199 -- --
1944 11022 1948 1133 1952 | 1252 -- --

Geological Survey reports containing analyses of surface-water
samples collected prior to 1941 are listed below. Publications
dealing largely with the quality of ground-water supplies and.only
incidentally covering the chemical composition of surface-waters
are not included. Publications that are out of print are preceded
by an asterisk.

PROFESSIONAL PAPER

*135. Composition of river and lake waters of the United States,
1924.

BULLETINS

*479. The geochemical interpretation of water analyses, 1911.
770. The data of geochemistry, 1924,

WATER-SUPPLY PAPERS

*108. Quality of water in the Susquehanna River drainage basin,
with an introductory chapter on physiographic features,
1904. :

*161. Quality of water inthe upper Ohio River basin and at grie,

’ Pa., 1906.

*193. The quality of surface waters in Minnesota, 1907.

*236. The quality of surface waters inthe United States, Part 1,
Analyses of waters east of the one hundredth meridian,
1909.
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*237. The quality of the surface waters of California, 1910.

*239. The quality of the surface waters of Illinois, 1910.

*273. Quality of the water supplies of Kansas, with a prelimi-
naryreporton stream pollution by mine waters in south-
eastern Kansas, 1911.

*274. Some stream waters of the western United States, with
chapters on sediment carried by the Rio Grande and the
industrial application of water analyses, 1911.

*339. Quality of the surface waters of Washington, 1914.

*363. Quality of the surface waters of Oregon, 1914.

*418. Mineral springs of Alaska, with a chapter on the chemical
character of some surface waters of Alaska, 1917.

*596-B. Quality of water of Colorado River in 1925-26, 1928.

*596-D. Quality of water of Pecos River in Texas, 1928.

*596-E. Quality of the surface waters of New Jersey, 1928.

*¥636-A. Quality of water of the Colorado River in 1926-28, 1930.

*636-B. Suspended matter in the Colorado River in 1925-28, 1930.

*638-D. Quality of water of the Colorado River in 1928-30, 1932.

*839. Quality of water of the Rio Grande basin above Fort Quit-
man, Tex., 1938.

*889-E. Chemical character of surface water of Georgia, 1944.

*998. Suspended sediment in the Colorado River, 1925-41, 1947.

1048. Discharge and sediment loads in the Boise River drainage
basin, Idaho, 1939-40, 1948.

1110-C. Quality of water of Conchas Reservoir, New Mexico,
1939-49, 1952,

Many of the reports listed are available for consultation in the
larger public and institutional libraries. Copies of Geological
Survey publications still in print may be purchased at a nominal
cost from the Superintendent of Documents, Government Printing
Office, Washington 25, D. C., who will, upon request, furnish
lists giving prices.

COOPERATION

The table on p. 19 lists State and local agencies that cooperated
in quality-of-water investigations in the drainage basins included
in this volume. The locations of quality-of-water district or re-
gional offices responsible for the data collected in the drainage
basing are given in the table, also.

Financial assistance was furnished by the Bureau of Reclama-
tion of the United States Department of the Interior, in the oper -
ation of some stations in Oklahoma and New Mexico.
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Financial assistance was also furnished by the Corps of Engi-
neers, Department of Army, in the operation of some stations in
Texas. The Corps also provided financial assistance and made
determinations in their laboratory of particle-size analyses of bed
material and of sediment concentrations in connection with the sedi-
mentation investigations of the Mississippi River at St. Louis.
Assistance in collecting records was given by many municipal,
State, and Federal agencies

In addition to these cooperative programs, many of the sta-
tions were operated from funds appropriated directly to the Geo-
logical Survey for quality-of-water investigations. Studies of sus-
pended-sediment loads in the middle Rio Grande in New Mexico
were initated as a Federal project in 1948.

DIVISION OF WORK

The quality-of -water program was conducted by the Water Re-
sources Division of the Geological Survey, Carl G. Paulsen, Chief
Hydraulic Engineer and S. K. Love, Chief of the Quality of Water
Branch. The records were collected and prepared for publication
under supervision of district or regional chemists and engineers
as follows: In Arkansas -- J. W. Geurin; in Missouri -- P. C.
Benedict; in Oklahoma, andin the Arkansas River basin in Kansas
-- T. B. Dover; in New Mexico, and in the Rio Grande and Arkansas
River basins in Colorado -- J. M. Stow; and in Texas and Louisiana
-- Burdge Irelan. Anyadditional information onfile can be obtained
by writing the responsible Survey district office.

STREAMFLOW

Most of the records of stream discharge, used in conjunction
with the chemical analyses and inthe computation of sedimentloads
in this volume, are published in Geological Survey reports on the
surface-water supply of the United States. Thedischarge reported
for a composite sample is usually the average of the mean daily
discharges for the normal composite period. For analyses inwhich
the composite periods differ fromthe normal 10 or 11-day period,
the discharges reported are the averages of the mean daily dis-
charges for the days indicated. The discharges reported in the
tables of single analyses are either daily mean discharges or dis-
charges for the time at which samples were collected, computed
from a stage-discharge relation or froma discharge measurement.
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PART 7. LOWER MISSISSIPPI RIVER BASIN
MISSISSIPPI RIVER MAIN STEM
MISSISSIPPI RIVER AT ST. LOUIS, MO.

LOCATION.--At MacArthur Bridge, 1.1 miles below gaging station, which is 15 miles downstream
from the Missouri River and 180 miles upstream from the Ohio River.
DRAINAGE AREA.--701,000 square miles, approximatelg.
RECORDS AVAILABLE.--Water temperatures: October 1950 to September 1954.
Sediment records: April 1948 to September 1954.
EXTREMES, 1953-54.--Water temperatures: Maximum, 84°F July 21, 22; minimum, freezing
point on several days during December and January.
Sediment concentrations: Maximum daily, 2,450 ppm June 7; minimum daily, 50 ppm Jan. 24.
Sediment loads: Maximum daily, 1,860,060 tons June 7; minimum daily, 6,"760 tons Jan. 28.
EXTREMES, 1948-54.--Water temperatures (1950-54): Maximum, 86°F July 31, 1953; minimum,
freezing point on several days durin{ winter months.
Sedime;t za:onfentrations: Maximum daily, 6,420 ppm June 7, 1951; minimum daily, 38 ppm
Feb. 2, 3, 1951.
Sedgme;t lggds; Maximum daily, 7,010,000 tons May 5, 1951; minimum daily, 4,340 tons
Feb, 3, 1951.
RmARKSwSp ig;li{ecords of discharge for water year October 1953 to September 1954 given in
Te?perature (°F) of water, water year October 1953 to September 1954
/Once-daily measurement generally between 9a.m. and 3p.m.7

Day | Oct. Nov, Dec. Jan. Feb, Mar. Apr. May June July Aug. Sept.
1 69 .- 42 -- 35 40 44 -- 70 82 - --
2 70 57 43 36 36 40 47 -- 68 82 80 9
3 69 -- 44 36 35 38 -- 62 66 - 81 9
4 -- 55 44 35 36 37 47 -- 64 -- 81 --
5 66 52 40 36 37 36 49 60 -- -- 80 --
6 64 51 - 36 35 - 50 58 -- 83 80 -
7 63 48 44 38 -- 37 53 57 67 83 - 9
8 63 -- 45 3 36 39 52 - 68 82 -- 8
9 64 48 -- -- 38 44 52 -- -- 80 8 ks

10 63 46 40 33 38 41 -- 56 69 - 78 5
1 -- 47 38 33 38 41 -- 57 72 - —] -
12 62 47 41 - 36 45 55 57 - 81 5| -
13 63 47 - 32 - - 58 58 -- 82 Y]
14 63 48 37 33 - 41 58 59 18 83 -- 3
15 63 - 38 32 43 40 60 - 79 82 -] 8
18 63 52 37 -- 44 41 58 -- 79 81 81 -
17 -- 51 34 32 41 41 -- 64 80 -- k¢ 75
18 84 50 32 32 43 42 -- 61 80 -- - -
19 63 52 -- 34 43 44 60 60 - 83 8 --
20 65 52 36 38 -- - 61 64 - 83 80 75
21 65 - 36 32 44 41 62 61 82 84 - 70
22 65 50 -- 32 43 42 61 -- 81 84 o
23 64 48 32 - 44 42 60 -~ 82 83 82 70
24 -- 48 32 - 42 44 -- 65 81 -- 80 69
25 80 45 - 34 44 47 -- 65 81 -- -- --
26 60 43 33 33 43 47 -- 66 -- 80 82 --
27 59 43 34 32 -- -- 65 67 - 80 82| 170
28 57 41 32 32 41 49 64 69 82 81 -- 7
29 56 -- 34 34 -- 45 64 -- 81 - .
30 57 43 33 -- -- 45 65 -- 80 82 81| 70
31 55 - 34 34 -- 44 - - - -- | -
Aver-
age 83 48 37 - 40 42 -- -- - .- -- --

488817 O =59 -3
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MISSISSIPPI RIVER MAIN STEM--Continued

LOWER MISSISSIPPI RIVER BASIN

MISSISSIPPI RIVER AT ST. LOUIS, MO.--Continued

di water year October 1953 to S 1954
October November December
Mean Suspended sediment Mean Suspended sediment Mean Suspended sediment
Day dis~ Mean Tons dis- Mean Tons dis- Mean Tons
charge concen- per cha.rge concen- per charge concen- per
(cts) tration day (cfs) tration day (cfs) tration day
(ppm) (ppm) (ppm)
1, 500 194 37,500 68,000 224 41,100 66,600 150 27,000
1, 500 198 38,200 68,700 220 | 240,800 61, 000 189 31,100
70,800 224 42, 800 70,100 220 | a41,600 61,000 133 21,900
70,100 180 a34,100 69, 400 222 41,600 61,700 132 22,000
74,300 182 36, 500 68, 700 234 43,400 62,400 133 22,400
72,200 196 38,200 68,000 221 40,600 65,900 136 224,200
73,600 199 39,500 68, 000 210 38,600 68, 000 150 27,500
1, 500 194 317,500 68,000 207 | a38,000 66,600 163 29,300
72,900 188 317,000 68,000 206 317,800 70,800 175 a33, 500
1, 500 156 30,100 68,000 199 36,500 3,600 184 36,600
67,300 160 229,100 68,000 212 38,900 70, 800 186 35,600
65,900 192 34,200 67,300 218 39,600 81,400 168 36,900
66,600 212 38,100 67,300 206 317,400 70, 800 186 235,600
68,000 210 38,600 67,300 192 34,900 66,600 183 32,900
69,400 199 37,300 67,300 189 | 234,300 66, 600 182 32,700
69,400 200 37,500 66,600 201 36,100 67,300 201 36,500
68,000 216 a 39,700 66,600 206 37,000 70,100 187 35,400
67,300 245 44, 500 66, 600 176 31,600 66,600 182 32,700
66,600 202 36,300 65,900 176 31,300 67,300 173 231,400
66, 600 185 33,300 66,600 163 29,300 72,200 161 31,400
65,900 195 234,700 70, 800 146 | 227,900 75,800 161 33,000
66,600 198 35,600 67,300 147 26 700 9,800 144 231,000
68,000 182 33,400 67,300 158 28,700 78,200 136 28,700
70,100 180 234,100 65,900 213 37,900 65, 900 132 23,500
68,000 194 35,600 65,900 181 32,200 62,400 127 a 21,400
69,400 212 39,700 65, 200 166 29, 200 63, 800 113 19,500
75,800 233 47,700 65, 200 155 27,300 63,100 98 16,700
72,900 227 44,700 65, 200 161 28,300 62,400 83 14,000
69,400 237 44,400 63,100 176 | a30,000 61,700 57 9,500
71,500 223 43,100 64, 500 215 37,400 61,700 64 10,700
69,400 232 43, 500 -= -- -- 60,400 8 12,700
Total . | 2,162,000 -- 11,176,500 [{2,014,800 -- | 1,056,000 |[2,092,500 -- 837,300
January February March

L..... 59, 000 1 211,300 49,900 64 8,620 82,200 305 67,700
2..... 57,000 57 8,770 50, 400 53 7,210 78,400 313 66,300
..., 57,000 54 8,310 50, 400 56 7,620 79, 900 329 71,000
4.... 52,200 81 11,400 51, 000 58 7,990 82,200 362 80,300
Soenn 58,300 % 12,000 52,200 74 10,400 80, 600 378 82,300
6.... 58,300 70 11,000 52,200 T4 10,400 78,400 349 a 73,900
68 10, 700 52,200 64 a9,020 76,200 341 70,200
64 10,100 52,200 64 9,020 77,600 392 82,100
62 a'10,100 52, 200 79 11,100 7,600 614 129, 000
67 10,900 53,400 93 13,400 80,600 482 105, 000
89 14,600 54,600 114 16, 800 83,600 380 85, 800
103 216,400 55,200 123 18,300 82,200 286 63,500
90 13,300 54,600 98 | 214,400 77,600 232 248,600
90 13,000 54,600 81 211,900 76, 200 217 44,600
15...... 55,800 90 13,600 55, 200 84 12,500 68,300 185 34,100
56,400 90 213,700 56,400 105 16, 000 66, 200 175 31,300
57,000 92 14, 200 57,000 193 29,700 65,500 150 26, 500
55, 800 96 14,500 56,400 231 35,200 64,800 162 28, 300
54,600 102 15,000 5%,800 216 32,700 67,600 194 35,400
54,600 105 15, 500 57,000 211 | 232,500 76,900 237 a49,300
54,000 90 13,100 59,600 207 33,300 82,200 319 70,800
52,800 7 11,000 67,600 180 32,900 79,900 313 67,500
52,800 62 8,840 69, 000 175 32,600 718,400 271 57,400
52,200 50 7,050 71,800 130 25,200 81,400 240 52, 700
52,200 0 9,870 76,200 145 29, 800 91,500 234 57,800
53,400 68 9,800 83, 600 234 52,800 || 110,000 312 92,700
48,800 68 8,960 85,900 321 | a'74,400 131,000 340 2120, 000
45,500 55 6,760 87,500 403 95, 200 140,000 396 150G, 000
49,400 68 9,070 -- - -~ 147,000 827 328,000
49,900 T a9,570 - - - 147, 000 1,290 512,000

48,800 11 9,350 - -z -- | 138,000 9
. [L,700,700 -- 351,750 11,674,100 -- 690, 980 |[2,749,000 -- 3,155,100

a Computed from estimated concentration graph,
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MISSISSIPPI RIVER MAIN STEM--Continued

MISSISSIPPI RIVER AT ST. LOUIS, MO .--Continued
Suspended sediment, water year October 1953 to September 1954--Continued

April May June
Suspended sediment Suspended sediment Suspended sediment
Mean Mean Mean Woan Mean Mean
Day dis- Tons dis- Tons dis- Tons
concen- concen- concen-
charge trati per charge per charge tratio per
(cfs) ion day (cfs) tration da: (cts) ration day
(ppm) (ppm) ol (ppm)
133,000 688 247,000 180,000 343 | a167,000 157,000 326 138,000
128,000 570 197,000 188,000 666 | a338,000 187,000 331 167,000
126,000 521 |a177,000 198, 000 1,180 636, 000 215,000 485 282,000
127,000 47 162,000 202,000 1,030 562, 000 222,000 854 512,000
131,000 432 | 153,000 216,000 1,370 799, 000 262,000 1,850 |a1,170,000
132,000 404 144,000 240, 000 1,430 927,000 289,000 2,330 (a1,820,000
137,000 385 142,000 246, 000 1,650 |1,100,000 281, 000 2,450 1, 860, 000
160, 000 428 185, 000 240,000 1,200 |a778,000 262, 000 2,180 1, 540,000
145, 000 383 | 150,000 232, 000 1,100 | 689,000 250, 000 1,770 |al,190,000
128,000 387 ja134,000 225,000 1,070 650, 000 240, 000 1,530 991, 000
126, 000 504 Ja171,000 222, 000 970 581, 000 222,000 1,380 827,000
133,000 493 177,000 220,000 858 510, 000 208, 000 1,230 a691, 000
133,000 450 162,000 225, 000 770 468, 000 195, 000 1,060 a 558,000
132,000 438 156, 000 228, 000 710 437,000 192,000 940 487,000
133,000 461 166, 000 228 000 663 | a408,000 185, 000 828 414,000
132,000 588 210,000 230, 000 639 | a397,000 190,000 27 373,000
130,000 502 |al176,000 235, 000 617 391, 000 208, 000 1,630 915, 000
136, 000 443 |a 163,000 235,000 622 395, 000 205,000 1,550 858, 000
137,000 428 158, 000 235, 000 37 468,000 194, 000 1,140 a 597,000
130,000 359 | 126,000 238,000 795 511,000 188,000 1,020 a518,000
134, 000 313 113,000 238,000 563 362,000 184, 000 1,020 507, 000
167,000 385 174, 000 232,000 456 | a286,000 187, 000 1,390 702, 000
185, 000 428 | 214,000 226,000 412 | a251,000 185,000 1,500 749,000
173,000 430 Ja201,000 226, 000 495 | 302,000 183, 000 2,050 | 1,010,000
164,000 464 }a205,000 218,000 730 | 430,000 192, 000 1,950 | 1,010,000
162, 000 570 |a249,000 197, 000 662 | 352,000 229,000 1,580 29717, 000
164,000 546 242,000 176,000 490 233,000 256, 000 1,730 |a1,200 000
173,000 438 205,000 156, 000 398 168,000 260, 000 2,170 1,520,000
188, 000 468 | 238,000 137,000 336 | a124,000 254,000 2,180 1,500, 000
181,000 356 | 174,000 131,000 288 | a102,000 250, 000 1,960 | 1,320,000
-- -- -= 138,000 288 | al07,000 == o= --
Total . [4, 360, 000 -- |5,371,000 |J 6,538,000 -- | 13,920p00 [| 6,532, 000 --_| 26,403,000
July August September
L..... 247,000 1,660 [1,110,000 84,400 193 244,000 159, 000 1,520 653,000
200 254,000 1,380 946,000 83,600 176 39,700 147,000 1,310 520, 000
3..... 259,000 1,160 |a811,000 83,600 181 40,900 135, 000 1,110 405,000
d..... 254,000 966 ]a662,000 85,200 218 50,100 130, 000 779 273,000
|- PN 244,000 788 {a519,000 87,500 207 48,900 126,000 533 181,000
228,000 578 417,000 96,300 258 67,100 113,000 441 a135,000
212,000 590 338,000 104, 000 235 a 66, 000 108, 000 471 139,000
192,000 572 297,000 108, 000 232 267,700 97,100 449 118, 000
180, 000 505 | 245,000 115,000 446 | 138,000 86,700 391 91, 500
177,000 440 |a210,000 111,000 714 214,000 89,900 323 78,400
176, 000 397 la189,000 103,000 654 | a182,000 79,200 293 a 62,700
173,000 387 181,000 105, 000 697 198,000 74 600 343 a69,100
173,000 394 184, 000 114,000 834 257,000 76,200 320 65, 800
172, 000 380 | 176,000 110, 000 779 | a231,000 79,900 273 58,900
168,000 342 155, 000 106,000 1,230 | a352,000 83,600 236 53,300
164,000 287 127,000 102,000 1,800 496, 000 85,200 210 a48, 300
159,000 251 1al08,000 96, 300 1,900 494,000 88,300 205 48,900
154, 000 239 |a99,400 96, 300 1,330 | a346,000 91, 500 210 a51,900
151,000 235 95, 800 96,300 871 | 226,000 91, 500 222 254,800
147,000 239 94, 900 104, 000 560 157,000 103, 000 307 85,400
143, 000 230 88,800 106, 000 389 jalli, 000 107,000 363 105, 000
138, 000 220 82, 000 114,000 376 |a116,000 99,500 337 290, 500
142, 000 214 82, 000 103,000 328 91,200 99,500 278 74,700
136, 000 207 |a76,000 89,100 291 70, 000 103,000 243 67,600
128,000 |’ 196 |[a67,700 94,700 270 69, 000 103,000 227 a 63,100
116,000 203 63,600 98,700 265 70,600 102, 000 221 a 60,900
104, 000 258 72,400 118,000 302 96,200 96,300 222 57,700
96,300 272 70,700 166,000 433 |al94,000 94,700 220 56,300
95, 500 261 a67, 300 190, 000 711 |a365,000 94,700 212 254,200
87, 500 252 59, 500 180, 000 1,060 515,000 97, 900 206 54, 500
77,600 225 247,100 {| 160,000 | 1,410 | 643,000
. 15,147,800 -- 7,742,200 [} 3,420,000 .- [e,056,400 |3,042,300 -~ | 3,877,500
Total discharge for year (efs-days) .......ovveiniiirenirenrnniarineennsnnsan P 41,433,300
Total 10ad fOr Year (HOMS) .« vt eu et uen e e e s ereassensssosanssesssanssonssossosososeosoaanans 70, 646, 730

a Computed from estimated concentration graph
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ST. FRANCIS RIVER BASIN

ST. FRANCIS RIVER BASIN--Continued

Temperature (°F) of water, water year October 1953 to September 1954
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Day | Oct. Nov. Dec. Jan. Feb, Mar. Apr, May June July Aug. Sept.
1 80 58 48 40 45 50 54 70 2 81 86 84
2 80 63 48 40 46 48 54 70 72 84 85 80
3 80 87 .- 40 44 48 50 70 74 84 86 80
4 80 68 48 40 46 48 50 68 72 82 86 80
5 80 60 50 40 48 48 50 68 72 82 86 80
8 8 438 50 38 48 48 50 68 72 81 86 80
7 74 48 50 38 46 48 54 68 2 82 86 8
8 72 48 48 33 46 48 50 69 5 82 86 78
9 68 50 48 40 49 50 52 69 K 82 86 8

10 68 50 48 38 48 48 52 68 % 82 - 76
1 68 48 45 36 46 49 52 68 76 82 86| 78
12 70 486 47 36 46 50 54 87 8 82 84 %
13 68 48 48 36 47 52 56 - 78 82 sa| 11
14 67 48 48 36 48 52 58 68 8 82 86 76
15 68 48 48 37 48 52 80 68 8 83 86 5
16 68 52 46 38 48 48 62 68 79 82 86 4
17 68 52 44 38 48 50 64 68 79 82 86 4
18 - 68 50 20 39 48 50 65 68 80 82 86| 74
19 87 54 38 40 48 52 67 69 80 82 88 74
20 68 54 38 38 48 52 69 69 80 85 84 74
21 88 55 40 43 48 52 69 68 80 86 86 72
22 68 54 40 40 50 52 69 68 80 86 86 70
23 68 62 40 k1 50 52 89 66 81 86 86 69
24 70 50 38 40 50 52 69 70 81 85 86 70
25 68 48 38 38 50 54 69 70 80 84 86 %6
26 68 48 38 40 50 54 69 70 80 84 86 %
27 88 48 40 40 50 54 70 70 81 84 86 %
28 67 50 40 42 54 56 69 70 82 83 87 76
29 65 48 40 |} 38 - 58 70 - 82 82 87 76
30 64 48 40 40 -- 56 70 % 80 84 86 76
31 60 - 40 ] -- 56 - 70 - 86 86 --
Aver-
age 70 52 44 39 48 50 61 69 8 83 86 76




LOWER MISSISSIPPI RIVER BASIN

30

*(*00) ereuoqIed Jo or[IIW tad s}ded g Jo JuateAINDd SAPNIOUT 3
*(°00) areuoqred jo uorrm xad sixed 4, jo juareanba sapnyou p
*(f00) ayeuoqaed Jo uoyTiw 1ad siaed g Jo Jus[eANb SapN[OUT O
*(*00) ereuoqaes jo uoryim Jad sited g jo juagearnba s3pnIoy] q
*(*00) areu0qIEd JO UM Jod S}IEd 9 Jo juareamnba sapnjouy €

g8 o9p L ¥2g v'e 29 8 | seze
vou| 182 g1 12t IR 8°9 e | ee1
INOYJHIAIY UVEN AVE SIONVEI ‘IS
v8| 918 b (253 0°¢ L 81 | osip 68 | 81 By
e8| zay 1 €1z I ' 9€ 1929 g8 | o 961 ‘01 "qad
NINHVA IV HIATH SIONVEd 1S
s8] 6is © vel T 1 (K3 o1 | weid %8 :
9L ¥ 0z 90T 92 gL og | sor 0ge'z | v 6T € "9od
FAUL QIYUVK UVAN KVMOOO'Td WIATY SIONVHI °IS
8L 0% 3t ist 51 53 81 11 ez | 0z By
v8| e1e I 61 R 06 2 | ure 020t | e vS61 ‘21 "aed
*TIVAYIATY IV HIATY TILLIT 4O GLOHD ONVE LEOTY
9L | 0% 0 o1 0% 7% 08 (3 vig | 61 Ay
38| 1 0 1 50 0°s 0e 191 T A ¥S61 ‘TT "qod
ALID TV LV MIATY SIONVEd "IS
ve | 91z 3 201 G K3 0°6 were S | 61 Ay
08| 62 S b1 50 0'g 0°e 691 8c¥ ettt pgel TL gad
SIONVES IS IV WHAIY SIONVHI *IS
(0,52 are wnysau | (D,081
e soqm | -uogred ~gem uonyeI0 . (W)
-oxoqm) | -uoN | ‘mmporep| -deas wo | (g a () | cop | COM| O | @y | wus | £ | a5 | comy | (B
hd sowe onpisau) ua.__%z usmsv.i opriomp | eyermg | OTEUOA | WIS | gyppog | ew | "M | uosp | womng | 98reUOSIA)  WOWDRNOD Jo &iEq
-30npucd t0oe) s spios -Iedlg | -s€i0d -Sew -1ed
oproedg ssoupreg pealossiQ

$G61 1oqualdag 0] €661 13q0Jd0 IBaA Jayem ‘uofirim Xod sjded ur ‘sasAeue [edIWaY)

penutjuod--NISYE YIAIY SIONVHd 'IS

*

SYSNVYMV NI NISVE YIAIY SIONVEA ‘LS NI SHVIULS 40 SISATVNV SNOINVTIIOSIK



31

WHITE RIVER BASIN

*("00) eyeuoqIEs Jo UolTim Jod syred p Jo JuSTEAmbS Sepnrou] ¥

T
[ 2’8 862 6 S1T LET 8" € S°L 8’9 621 £°1 L't (44 4 [ 10° 8% §L°
S 9°L 982 T ot LET v 0 §°s 8¢ 931 T (x4 L't 6g 00" 62 4
g V'L L81 S £6 113 0°1 T (4 8¢ 801 6" §°¢ 9°¢ 314 00° £y owL'e
9 S°L [i48 14 L9 88 e T 4 (4 LL 01 [5x4 9°¢ 111 e 8y t 2 4 4
8 ¥L 1148 g 141 gL g [ 2 8°'g 29 6" 81T o't 02 - ¥ vés
14 VL ¥°e8 9 8¢ 9 0t g sz - 4 68 1 [ 8’ 128 sT* [ ¥es
L gL Lzt 8 09 ¥8 0°1 T '€ 01 €9 6 1°¢ 0°'§ 6T 00" v’z 0°ss
L L'L 681 9 £9 26 9" 0 0¥ 8% oL 6" 1°2 vt £z €0° Ly 682
ot 8L 14 L €9 86 0°2 0 8¢ 2L 69 8" 1 ¥y £e 10° LS z'ee AR I L {
¥ €L GET 9 LIt 314 1 0 3 4 98 9gT 6" 92 8T 144 10° 0°s 1701 Tttt pgeT ‘L wer
¥ VL 134 14 E:188 141 Tt 0 8’y 9°1 861 0t [: 354 61 144 10° L9 ¥1T * 6 "93(q
¥ ¥'8 144 0 ert 341 8" T 8’y 91 8ET®E 6" 6°2 2t 14 e0° LA 16°L STt 0T "AON
9 L'L j<14 3 (148 Vet 0°'1 1°0 (A 4 9°2 et T L' 1°8 o¥ 10°0 T [ ] TTreTtUtrgger ‘2T Y00
a"QomN afe | mmisau (0,081 ¢
SOYW | _yoqren| -Sewm uoleIo <
- - ODH| BN &
0100 | Hd %Hﬂuuﬁv -UoN |‘wnyared deso E” omwmﬂw— 3%.%5& 3%%:0 -A«-no%.wm AS«EL ﬂm.wn (=N) Ew._nwe .AH.;UW (22) | Cois) »wﬂﬂo UOIIIL[100 JO ayeq
~jonpuos 5% 5% sprios -reaig | -seog | "B | gey | -rep | O | WS -s1a -
or0adg ssoupIeq paarossiq

7561 Iequiaydag 03 £G6T J9QOP0 Teak soyem ‘vt Iad syred wy ‘sasArewe TROYWIND

*IPET dSM UT ULAT3 pgeT Joqueldog 01 £GT 10q0300 JESA JojeA oy aBIeqdsIp Jo spIodaY-- - SYUVAHY
‘pG6T Ioquaidog 03 gGET I3G0Id0

*MHV ‘TTIIASONIH ¥VAN YATHO TTIOVI EVA
NISYd HAAIY ALIAA

v

:gosieue [eoTWayD-- "AIAVIIVAV SAHOOTH

“soryw axenbs Z9z-- VIUV IDVNIVHA
*£1Un0) UOSTPEN ‘STITASPUTH JO Y3IJOU SeTTW § pue ‘Y2aI) #OTTOH I2UAOJ WOJy WESIISUMOP SOTTW ¥ ‘G AvAUSTH o9¥Is U0 23prdq 3% uorjels 3urded Iy--°NOILVOOT



m *(°00) syeuoqIEd Jo uoTITIM Jad syaed ¢ Jo JusjeAmba sapniou] €
-
H [ (X3 082 ] L1 261 8 g [ %4 9°g 691 ® 9°1 9°C [ e 00* 2'9 3" srereer gy ydes
5] < 9°L 182 0 s21 01 6" 0 0'% 2% 2st St L2 L] 9¢ 20" (a1 62" srrrerec Ay cBuy
2 < v'8 022 T 201 ¥ET g 1 c'2 9y osT® [ 6°1 6°L 0€ 50" £°g 1T srreceerceceeres g finp
=] 0z | 9L 801 6 8 801 g1 [N 0z 0°g 16 [ 0t ¥ 92 20° 29 882 srreessecseececrgaung
-
& 22 | 9L ¥e1 8 L 20t v1 g 2% 0°9 8 [ ¥ 7'g 44 w0 LS (1640 SENN SAARRRRRARERARAS ¥ L) ¢
= S 28 122 13 601 431 8" 0 g 0L 821 11 81 1L 28 00" [ 201 trreeeresrenees g ogdy
a [ 9L 912 4 43 621 LT T 0°s ot 434 [ L1 16 0 00* 2 1L srenerersieecet g gEl
m S 84 62 11 144 %23 6 0 2'y v'8 161 11 0°2 1 92 00" 9'g [ ttettetttgorqad
= 14 8L 2L L 1341 9cT 1 0 8'¢ z'9 €91 (43 £°2 (1) o¥ 10° - 4 €81 trteeettccpogy ‘g cuep
4 8°L 692 v 051 091 v 0 0’y 9% 991 21 (43 1 8¢ 00" 2's '8¢ - st g t0eq@
9 8L 082 [ (328 191 9" 0 sy v LY 13 1€ 13 0y 10° vy [ . Tettetig tAON
4 LL [7%4 1 9g1 6%1 ¥°0 10 82 8°¢ ¥o1 21 0z 1 [ 100 €8 €8 TTTUTUC geeT ‘ST 'R0
awummmﬂ ez | mmsau (0,081 &
-uoamo| SEm e Coom) | (0 @ | o
-ozotm) | wnprey | -dEAd U0 | (‘o) () (12) (°08) oon (eN) 21 (ea) | Cor) 1)
J010) | md aoue UON 1oTe ) ajeuoq wnjs wnjsau | wnpo S afxeyo uoy39a]10d Jo Neq
p ) | ayex 1I0N; 130] are] w uo. €0
~30npuod S0oe) st spiios N | SPLIORLL | @prIOTD 8 | -reorg | -seoq P8 | -gep -1ed 1 s ~s1g
O1Roadg SSaUpIEH paatossiq .
$C61 I9qUioxas O) £CET 19G0J0 TeSA Jejem UONITW Jad S)red W ‘sasArewe [eatweyD)

"TPET dSM UT USATH HGET I9qualdag 03 £66T 19q030Q J8ak JIa38A Joy BBIENISIP JO SPI0daY-- SYUVHIY
isesAyeuz TEOTWAY)-- ' TTAVIIVAV SAHO0AH
“seTqu adenbs gec--'VEWV TOVNIVHQ

‘P61 Joquaidag o3 g96T 19903190

*f3unop troaaB) ‘arrrALizeg

Fo 1semyigou sayTw §¢ pue ‘921D JaqqE[) WOJF wearjsdn SaTTW §Z ‘N9aa) a9g wodJ wealjsusop sa(iW $1 peos Ajuno) uo aSpraq 38 ucylels Jurded 1y-- ' NOILVIOT
YUV ‘ITIIAXMYIE YVIN HIAIM SONIX

32

panutluo)--NISYd HIAIH JLIHM



33

WHITE RIVER BASIN

*)99} puodds 798 ‘7 Sem HEET Iequiaides 03 §6T £9G0300 Jeak Jajem Jo] aBIBYISTP UCS *(°00) eyeuoq1es 1o uoriw 1ad s)aed g jo JusreAinba Sepnjou] o
*(*00) syeuoqaes Jo uorriw Jad syred g jo juareAmba sepniauj 3 *(°0) ayeuoqrea jo uoriipw Jad s3aed § Jo Jusreanbe sapniou] q
*(°00) avuoqren Jo uotinur Jod syaed g Jo arearnba sapniou] p *(*00) aeuoq.Ted Jo uomYIW Jad Jxed | jo yueteamnba sapniou] €
L -- £62 6 6€eT [7A 4 [N X 41 [ 6t ¥r ¥o 4 9g 00| 19 99821 TTreeiec aBeleAV
8 v'8 208 8 ost 8L1 T T 29 ¥ AL 9t S'¥ ¥l L8 90" 1°L £5¢ . - 08-1 Wag
] 08 982 ¥ 661 891 ST 1 29 2's g9t €1 (4 43 9 00’ £ S16 ‘2 : © 18-1 ‘Sny
¥ 0’8 £LE 4 ¥eT 091 91 1 (] 2 (44 v'r 0'd 21 ¥ 20° 8°g 9% ‘2 . ©e1e-1 Aing
g vt 192 ¥ 8eT 8¥1 ST 1 g°g ot £91P [ 62 n LE 00" (3] L00°‘¢ . Trrtettog- aung
g [ ] [ 9% [ 134 8ST 2°2 [ 0¥ 8°g 6512 ¥r [ n 98 -’ 0°S £L0°‘S L I A ) o ¢
st 8L 862 S ¥ET 091 [ T 8'g 09 851 21 14 41 ¥e 00" 8¥ 916 ‘s rerrrereecceoggey t1dy
8 6L 642 9 181 681 I ¥ 8¥ 82 091 [ 2 6°C 4 [13 00° LL 9882 TUUItRT ‘ZI-¢ ‘1 CIew
9 v'8 95§ (<3 191 ¥He 6" - 26 0'g 851q -- 14 £1 34 -- - S¥L ‘T O R I ¥ |
9 £'8 1.2 9 LeT 8s1 6T [N 0°g 0y 6gre [ [ a4 [ 10’ 8°L 89L ‘2 TTU82-8 ‘9% ‘T-T "qad
L ¥'8 [:1:14 [ ¥ET [4A 1 ¥r T 0¥ | ] 8s1q [ % 41 ¥e 00" 98 198°C * $S6T ‘18-T ‘wer
g €8 7% 4 L 91 291 [ [ 0L 2¥ Lsre ¥l 0'p 114 8¢ o ] 108 ‘2 “t18-9 ‘-1 "veq
8 08 892 v 1134 861 9" T 8% 92 ¥t [ z'¢ 66 9g 00’ 1'g shL ‘g Trtttttt Q8-1 CAON
L 18 £52 6 (413 ost v'Z 0°0 0°e 2°g ost ST 1'e L6 Le 00 | L8 288 ‘s T ggel ‘I8-1 190
sy | e fumse | (20615
oym) | oded|, -Bew \ o) @) | (%) (s39)
~oxopm) | gy | -desavo | (on) [ (@ | (o) | com | SS9 | O D ea | @ w
J010p | md aowe N fwniored | ajeuoq | wns wniseu | wno d 018) | o3reyostp uo1981109 JO areq
—onpu02 TR %_man ) | eyeauN | epraonid | epraopyd | eyesng | reorg | -seog | TPOS | _gey | -ren | UM | IS wealy
ordadg SSUpIBH paajossiq
¥561 tequaydag 0} £¢6T J2qOI0Q Jeak Iajem ‘uoriiymr xad syred up ‘sesATeue [eorway)

. *TG6T ‘€z AInp 20ours Itoaresey STEOUs Ting 4q
pajeindax moyg ‘uoyje1s SurfeS pue jurod Suryduwes usamleq moyyuy dyqeroaxdde ON ¢ IPET dSM UT usAld pgeT Joqualdeg 03 £CET J2QqOIO0 Jedad Jajea JoF ‘urddryd
Jeau uotlels Surded Joy a8ieyosip JO SpPIOOSY WAV ‘@TTTAe)leLey 1B 9DTFJO IDTIISIP UT dyqeyrese sajdwes L11ep JO 30UEIDNPUOD OIFIVds JO SPIODRY-- ' SHUVWAY
‘PS6T ‘T2 IO 4, Tp ‘umuyutw {HGeT ‘0z °31dag J, 6L ‘unuwyixey :seanjeradwa) Jajey
*ZC6T' TT *Jel soywooTw grg ‘A1Tep WnuyuTW {HGEY ‘€ ‘QOJ SOYWOIOTW 22 ‘ATTEP UMWYXEN :3DuB3ONpuod DYFyoadg
*€G6T ‘0€-12 ‘0Z-1T '1des ‘ZG6T‘0Z-TT Sunp wdd gz ‘Unuyutd {ZGET‘6T-TT ‘JEW '63-TT 'qdg wdd 161 ‘umuwixey :ssaupJeg
*€G6T‘TE-62 ‘LZ-T1Z "JBH ‘02-6T ‘LT ‘ST-IT ‘9o wdd 9pT ‘wmmyutm ‘pGeY ‘L ‘€ "q34 wdd ppe ‘unuwyxey :SPITOS PIATOSSIA--HS-TS6T ‘SANAULXA
‘Ig ‘JBW J, TP ‘umwiutw fgg ‘jdag J4,6L ‘ummIXey :soJanjeradwo) J3)BM
*QZ UL ‘g ‘AON SOUWOIDTW ppg ‘ATTEP UnWIUIW ¢ °‘qd] SOYWOJIOTw ,rg ‘ATTEp UNWIXEH :9DUEBIONPUOD orjyoadg
c0e-T "aoN wdd gy ‘wnwrutw (g ‘¢ ‘qog wdd 79T ‘wnwixey :ssoupiey
‘0e-1 ounp wdd gpy ‘unmyurw fy ‘g ‘qd4 wdd ppg ‘umuwixey :SPITOS PIATOSSIO--°$S-£G6T ‘SAWTULXT
*pG6T Joqualdag 01 LT I2q030Q :saanjeradual Jolep
‘pG6T Joqualdeg 03 Lp6T 18q0)0Q :SosATeud Teoymayd-- ATEVIIVAV SAHOOTY
s (uot183s Sur8ed saoqe) soyyw arenbs 290°‘g9-- VAUV ADVNIVIA
‘upddyyd Jeeu uotie3s SurSeS woly weoIjsumop SaTTW G Inoqe ‘Ljuno) Idjxeg ‘I9330) y¢ g9 ABmYSIH S ‘N uo 8dpriq Iy--'NOILVOOT

THYY ‘¥ALIOD IV ¥IAIY ALIHM
panutIuo)--NISVE YIATY ALIAM M



34
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WHITE RIVER BASIN--Continued

WHITE RIVER AT COTTER, ARK.--Continued

Temperature (°F) of water, water year October 1953 to September 1954 ,

Day | Oct. Nov, Bec. Jan. Feb. Mar. Apr. May June July Aug. Sept.
1 56 54 51 48 46 45 46 52 58 61 65 --
2 56 54 51 48 46 46 46 55 59 63 69 65
3 58 56 51 48 46 44 48 49 56 -~ 65 68
4 -- 56 51 46 46 44 50 52 59 66 65 87
5 58 56 51 46 46 44 54 52 58 2 65 k$
6 57 54 51 46 46 44 54 54 58 T4 65 3
7 56 54 50 46 46 44 54 54 69 64 65 5
8 56 54 51 47 46 44 50 53 61 64 65 70
9 56 51 51 47 44 44 ~- 54 59 63 70 67

10 54 49 51 46 44 45 51 55 65 63 65 -

11 54 51 51 46 44 45 55 53 64 64 64 66

12 56 52 51 46 44 46 83 53 61 70 64 66

13 56 51 51 46 44 45 51 52 60 64 64 68

14 56 51 51 46 46 44 54 53 70 64 64 67

15 56 51 51 46 46 44 55 55 61 64 68 72

16 56 52 50 46 46 45 49 54 61 63 3 3

17 56 52 50 46 46 46 50 64 62 64 67 T4

18 56 54 50 44 46 46 52 54 62 65 66 T3

19 56 58 50 4 46 46 55 55 63 .- 68 77

20 56 54 50 44 46 46 52 54 63 64 66 k']

21 56 53 50 44 46 41 53 54 o 65 65 T4

22 56 54 50 44 46 46 51 54 63 64 66 68

23 58 52 48 44 48 46 52 57 63 63 0 67

24 58 52 48 44 46 46 52 63 62 66 65 66

25 56 52 48 46 47 48 53 57 61 66 66 67

26 56 52 48 46 46 48 53 57 64 70 66 69

27 56 53 48 46 46 48 54 56 65 63 67 69

28 56 51 48 46 46 48 55 56 T2 64 69 T2

29 54 51 48 46 - 50 53 58 63 64 0 70

30 54 51 48 46 -- 48 54 57 62 -- 7 72

31 54 -~ 48 46 -- 48 - 65 - 65 68 -

Aver-
age 56 53 50 46 46 46 52 55 62 65 67 70
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42 LOWER MISSISSIPPI RIVER BASIN
WHITE RIVER BASIN--Continued
WHITE RIVER AT NEWPORT, ARK.--Continued
Temperature (°F) of water, water year October 1953 to September 1954

Day | Oct. Nov. Dec. Jan. Feb. Apr, May June July Aug. Sept.
1 1 55 48 45 46 51 57 63 72 80 83 84
2 72 56 48 45 45 51 57 64" 3 80 83 84
3 72 56 48 45 45 51 57 63 3 82 83 84
4 72 56 48 45 46 57 57 63 3 82 82; B84
5 72 53 48 45 44 52 57 83 74 82 82| 84
[ 72 53 47 45 44 59 59 64 74 82 83 84
7 72 53 47 45 45 54 59 65 4 82 83 84
8 69 53 46 45 45 54 58 64 75 82 82| 83
9 68 53 46 45 45 55 59 65 5 82 82| 83
10 67 54 46 45 45 55 58 65 %5 82 83| 80
11 67 52 46 44 45 64 61 62 7% 82 83 79
12 67 52 45 44 46 58 61 65 75 83 82| 179
13 67 52 44 4 48 55 61 65 76 83 82| 179
14 67 51 44 - 50 53 61 69 77 85 82| 178
15 69 50 43 44 50 52 60 69 7 85 84 76
16 66 51 42 44 50 53 61 69 7 85 83 76
17 65 51 45 44 50 53 60 70 71 85 84| 76
18 65 51 44 41 50 63 59 70 ki 85 83 75
19 65 52 44 42 51 54 60 70 78 85 84| 6
20 64 52 44 42 51 54 60 70 8 85 84| 76
21 84 54 43 42 50 54 61 70 7% 85 84| 175
22 63 55 43 40 51 54 61 70 kil 85 84} 70
23 62 52 40| a1 51 52 61 70 79 85 84| 69
2 61 51 39 41 51 54 62 70 79 85 84| 74
25 60 50 39 41 51 54 62 7 80 85 84 72
26 60 56 39 41 51 53 63 n 80 84 85| 74
27 60 50 40 42 51 53 63 1 80 84 85 | 74
28 60 49 40 42 51 58 63 72 -- 84 85 74
29 59 49 40 | 41 - 58 63 7 30 84 85 | 174
30 59 47 42 41 -- 57 63 72 80 84 85| 72
31 57 - 42 a7 o= 57 -- 72 . 83 84 | --

Aver-

66 52 44 43 48 55 60 68 76 83 83 78
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WHITE RIVER BASIN 45
WHITE RIVER BASIN--Continued
CACHE RIVER AT PATTERSON, ARK.--Continued
Temperature (°F) of water, water year October 1953 to September 1954
Day | Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.
1 72 56 48 44 44 50 54 70 6 84 82 8
2 73 55 50 45 46 50 53 89 76 83 81 k¥
3 74 56 50 44 48 47 55 65 75 84 80 ™
4 T4 57 51 44 46 45 58 61 -- 84 81~ 6
5 T4 56 52 45 47 46 61 59 72 85 82 7
6 70 52 53 45 48 46 65 60 72 85 82 M
7 66 52 52 44 46 47 66 63 T4 86 83 5
8 65 52 51 45 43 48 67 63 5 85 84 78
9 64 50 53 48 45 50 85 62 76 84 83 78
10 64 48 50 47 45 52 65 63 ks 83 82 79
11 66 48 50 42 47 55 65 63 ki 81 82 2
12 65 49 49 38 47 57 64 64 78 81 82 75
13 85 50 48 37 46 59 64 62 78 82 82 74
14 64 51 47 40 48 56 64 62 79 84 82 75
15 63 51 45 40 51 53 66 64 80 84 -- T4
16 64 52 46 40 54 54 67 65 80 84 82 4
17 63 51 44 41 54 52 65 87 80 83 83 75
18 64 54 42 39 52 52 65 87 80 82 84 76
19 64 56 41 41 52 55 65 68 82 82 84 k4
20 64 56 42 45 53 56 66 68 81 81 83 78
21 64 55 45 44 52 55 68 66 81 82 83 7
22 64 55 45 38 51 54 69 -- 81 82 82 15
23 65 54 40 36 53 . 55 69 67 82 83 81 72
24 65 54 38 39 53 55 70 68 81 83 81 1
25 63 51 38 40 53 58 69 70 81 81 82 69
26 63 50 40 44 53 58 70 71 82 80 8t 70
27 62 50 41 43 54 59 T2 70 82 80 82 71
28 59 48 45 44 53 -- 71 70 83 82 82 T2
29 57 49 45 45 -- 62 T0 72 84 81 82 3
30 55 49 44 46 -- 62 0 73 83 82 83 74
31 56 -~ 43 45 - 59 - 75 == 81 80 -~
Aver-

age 65 52 46 43 49 54 65 66 79 83 82 15
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Temperature (°F) of water, water year October 1953 to Sej

LOWER MISSISSIPPI RIVER BASIN

WHITE RIVER BASIN--Continued
WHITE RIVER AT CLARENDON, ARK.--Continued

ptember 1954

Day | Oct. Nov Dec. Jan, Feb, Mar. Apr. May June July Aug, Sept
1 6 61 5 43 46 -- 56 70 -- 89 B84 82
2 76 61 51 44 48 -- 60 68 -- 88 85 84
3 5 61 51 44 47 48 66 66 -- 88 86 84
4 73 58 53 49 50 49 65 66 -- 89 87 85
5 1 56 55 44 49 -- 65 64 - 90 87 85
6 1 53 51 44 49 50 65 64 ~- 90 88 85
7 64 54 51 50 45 53 67 63 -- -- 87 82
8 69 53 52 49 46 55 64 65 - 89 89 83
9 70 52 49 49 50 54 65 63 -- 87 86 86

10 71 52 50 45 54 46 85 63 -- 87 87 82
11 72 54 49 42 50 60 64 64 -- 87 88 80
12 71 53 50 38 46 62 63 63 - 90 88 80
13 68 55 49 39 47 58 66 64 -- 90 87 81
14 70 53 47 42 -- 52 69 65 -- 89 88 81
15 70 54 50 44 -- 52 - 67 - 88 88 81
16 70 54 46 43 54 53 64 69 - 90 88 83
17 70 56 44 45 -- 54 67 69 -- 89 88 80
18 69 56 43 42 -~ 55 68 68 -- 88 80 81
19 69 60 41 44 55 57 68 69 -~ 85 87 88
20 69 56 45 47 55 -- 70 67 -- 85 84 83
21 69 57 41 40 56 55 70 68 - 86 86 79
22 69 55 41 49 -- 57 70 71 -- 87 86 75
23 68 54 34 48 55 57 70 72 - 87 87 76
24 65 54 39 44 54 57 72 5 -~ 87 86 78
25 65 52 43 47 58 59 75 4 89 86 87 (¢
26 63 51 41 46 54 57 5 74 89 86 86 80
27 62 52 42 44 -- 62 % 2 -- 86 87 4
28 61 5 43 45 51 -- 70 5 90 86 86 82
29 60 53 45 45 -- 64 4 6 84 86 87 ki
30 62 53 42 45 -- 55 0 -- 88 86 87 88
31 62 -= 42 46 -- 55 -- -- -- 87 82 --
Aver-
age 68 55 46 45 -- 55 68 68 -- 88 86 81
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WHITE RIVER BASIN

WHITE RIVER BASIN--Continued
LITTLE.LAGRUE BAYOU NEAR STUTTGART, ARK.--Continued

Temperature (°F) of water, February 1954 to September 1954
Day | Oct. Nov, Dec. Jan. Feb. Mar. Apr, May June July Aug, Sept.
1 - 50 47 1 84 92 -- 79
2 53 50 51 -- - 90 -t 83
3 51 47 55 61 -~ 88 85 84
4 50 42 63 66 -~ -- -- 80
5 50 -- 56 64 -- -- -- --
6 50 -- 75 62 - -- -- --
7 45 47 69 69 -- -- -- 82
8 39 -- 67 69 -- 85 -- 82
9 42 -- 65 -- - - -- 83
10 47 - 65 - -- -- - --
11 51 57 72 67 -- -- -- k&4
12 41 62 65 64 - -- -- --
13 41 50 69 60 -- -- -- --
14 50 -- 3 64 -~ -- -- 9
15 52 48 70 87 -~ -- -- --
16 51 47 64 - 85 -- -- 80
17 55 49 59 70 89 - -- --
18 52 56 72 82 87 -- -- 80
19 54 55 64 9 87 83 -- --
20 52 51 67 74 - -- -- 82
21 -- -- 1 8 -- -- -- 78
22 50 57 14 - 82 -- - 75
23 54 57 80 - 88 -- - 72
24 51 58 75 81 -~ - - -
25 53 | 63 ] 7 92 - - -
26 57 62 8 ki 81 - - -—
27 56 59 8 5 - -- -- --
28 55 | 60 75 81 91 - - 7
29 | - 75 78 87 -- -- 7
30 - 87 75 -- 82 - - -
31 - 50 -- 85 - - -- --
Aver-
age 50 .- 69 - - -- .- -
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ARKANSAS RIVER BASIN--Continued
ARKANSAS RIVER BELOW JOHN MARTIN RESERVOIR, COLO.--Continued
Temperature (°F) of water, water year October 1953 to September 1954

ce-daily measurement, generally about 8 a. m
Nov. Dec. Jan. Feb. Mar. Apr. |: May June July
48 45 38 40 46 45 46 60 66
54 40 40 46 32 48 41 56 68
52 38 40 44 32 45 46 55 2
48 36 38 48 32 50 48 55 2
50 41 36 46 42 48 52 55 73
50 38 37 45 42 52 56 66 4
45 36 36 45 41 52 54 58 2
42 41 38 52 45 50 54 60 4
44 37 41 50 47 54 56 65 4
44 37 36 46 50 51 52 64 4
42 35 32 41 51 53 50 65 1
44 35 32 42 44 49 53 66 5
42 40 -- 44 34 55 56 70 71
39 38 35 44 44 -- 56 63 74
41 42 34 46 42 52 58 62 4
48 44 38 48 45 54 54 87 75
47 43 36 50 45 53 54 71 73
52 - 36 52 46 53 63 69 74
35 42 40 50 44 50 61 3 5
32 42 32 40 43 57 56 1 74
36 43 32 43 45 50 58 70 %
36 35 32 41 44 49 80 4 76
38 32 40 42 44 55 62 2 14
42 34 39 48 49 58 58 70 72
46 42 35 47 46 50 57 75 2
45 41 32 48 46 58 58 69 4
45 46 32 41 48 55 58 70 74
46 35 32 39 51 54 58 68 3
46 35 38 -- 40 48 60 65 74
42 35 44 -- 40 45 63 68 74
-~ 34 42 -- 45 - 61 -- 75
44 39 36 45 43 51 55 66 73
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ARKANSAS RIVER BASIN

'3A0qE UMOQS SaN[eA 3YEUOGIED [ENPIAIPUY JO JuS[EAIb 1e
0gz‘e |18 69 291 | gg¢ 009°r | La°T loog‘y | -- Is'9 -~ |we¥ 081 -- soge | -- 0¥6 ¥e | ¥ -- 15y | - e3eaaae payyBrem
08| 0s6°¢ 1| oL 262 | SIS S61 06°2 [061‘2 | g00|1'6 | 670 |296 081 0 [3%4 g1| S8 gv | 981 | 1070 91 | 688 - "ydag
g'gloor‘s | vr |9 8yt | sgs L¥¥ 29°1 [061°1 | -- or | ~- |a6b 121 8 661 - 208 g2 | 26 -- -- 66T | °° “ydag
§°8[ 0BI‘S 1| e 00z | 02% §9¢ sy'g [008‘1 | -- |¥8 -~ {008 01 H 592 - 808 1e | 811 | -- 6'6L |- "ydag
0°8] 08¢°8 i | se g1z | o1v vey ¥6'2 |oM8‘t | -- [s'9 | -- |[ez8 891 0 i1 - 02s ¥e | 801 | -- 6°€8 . “ydag
61| 055 ‘s 21 | sL 0sg | 09% 06€ s.z [ogo‘s | -- {ua | -- |ooe £81 0 958 -- 988 66 | 081 | -- -- 20 S IR {3 t 21} 4
£°8| 001 ‘¥ 21 | 2L 81¢ | S¥S 682 yi'e {o1e‘e | -- [9°¢ | -- joor‘r [eul 4 212 -- 8¥9 w | osT | -- -- vor | ‘0g-11 ‘Bny
0°8| 0ss ‘g gt | st gsz | 0S¥ 08 69°3 (0861 | -- |02 | -- |e0® 181 0 912 -- 685 ¥ | or1 | -- -- 266 | C 01-1 ‘Snv
6°L] ozg‘e 21 | ¥ 988 | egv [ ¥9'g [O¥6‘t | -- |18 | -- o6 881 0 oLt -- 199 sg | grr | -~ -- €86 | T 18-12 Amg
18| 0v2‘s 2T | ¥ 2Lz | szy 228 1% |088°1T | -- |09 | -- |08 002 0 981 -- 98¢ sg | erv | -- -- 191 | 't 0g-11 Amg
o'glogr‘c o8 |so 261 | 8zg £96 19°1 jose‘t | -- law | -- Joos s91 0 ¥1g - 98¢ 2z | 96 -- -- 062 | “tcccttctt 01-g Amng
9°8) 068‘C | 2°6 oL ¥61 | 8LE 06L°T | 80°2 | 06P‘T | == [8'F == 1089 641 8 802 - 1% 08 | %01 | - -- 9%F | “TC $S6I ‘2-1 Ang




60

Temperature (° F) of water, water year October 1953 to September 1954

LOWER MISSISSIPPI RIVER BASIN

ARKANSAS RIVER BASIN--Continued
ARKANSAS RIVER AT ‘ARKANSAS CITY, KANS.--Continued

Day | Oct. Nov Dec, Jan, Feb. Mar. Apr, May June July Aug, Sept.
1 62 54 44 36 38 40 42 56 68 ks 76 72
2 67 55 55 37 38 38 42 55 70 6 73 72
3 70 54 52 36 41 35 51 46 60 76 79 71
4 61 54 41 37 42 34 53 56 69 76 75 70
5 55 49 45 38 42 37 63 55 65 79 5 70
6 55 42 40 37 43 37 65 61 68 78 76 70
7 53 40 39 39 36 36 63 60 69 76 76 3
8 54 42 42 44 39 42 53 62 72 M 72 72
9 57 40 37 39 44 45 54 59 72 76 k& --
10 58 43 37 32 46 51 62 58 3 79 74 68
1 59 46 38 32 40 54 59 59 3 76 74 66
12 61 417 34 32 36 54 58 59 5 kg 74 66
13 60 47 37 32 38 37 57 62 71 80 73 63
14 65 49 35 33 4 33 66 64 71 80 73 67
15 64 49 36 34 56 38 63 66 70 76 74 70
18 63 51 38 34 45 43 52 68 72 82 75 69
17 62 53 36 32 44 43 54 67 76 79 74 69
18 60 54 32 33 44 49 58 65 " 8 73 71
19 62 60 36 39 51 44 63 67 79 79 72 71
20 62 48 42 38 42 47 64 62 78 6 71 73
21 62 43 45 32 43 44 64 62 " -- 72 61
22 65 41 32 32 45 48 55 66 79 6 74 56
23 60 41 32 32 45 49 59 69 k&4 -- 73 58
24 53 45 32 35 45 50 63 67 79 8 74 59
25 58 43 33 32 50 51 67 64 ki 79 74 63
26 53 40 35 32 45 50 67 65 1 5 75 67
27 46 44 34 33 46 50 65 68 ks 3 74 69
28 43 41 34 33 44 55 65 72 6 6 76 67
29 51 41 33 33 -- 47 66 69 76 80 i 70
30 53 42 34 33 -- 41 65 70 9 6 M 66
31 55 -- 34 33 -- 40 -- 72 ~= 6 74 -~
Aver-
age 58 47 38 35 43 44 59 63 73 77 74 68
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