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PREFACE

This report was prepared by the U.s. Geological Survey in cooperation with the
States of lowa, Kansas, Missouri, Montana, Nebraska, North Dakota, South Dakota,
Wyoming, and with other agencies, by personnel of the Water Resources Division,
J. S. Cragwall, Jr., chief hydrologist, G. W. Whetstone, assistant chief hydrologist for
Scientific Publications and Data Management, under the general direction of G. A,
Billingsley, chief, Reports Section, and B. A. Anderson, chief, Data Reports Unit.

The data were collected under the supervision of district chiefs of the Water
Resources Division as follows:
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1




CONTENTS

D -
List of Water-quality stations, in downstream order, for which
records are published.......civeietensecrosscassesesssnsnnanse
Introduction,  ueeeeeeesnceeercsnsonsensons
Collection and examination of data,.......
Chemical quality,..ceeeececessssnnsacsns
Temperature,,....
Sediment, ..cceeeecesenscase
Expression of results,....c..cevvevscecnees
Composition of surface waters,,....cecoe00
Mineral constituents in solution,.......
Silica..evaesnas
Aluminum,,.....
Iron,,.ceeeeese
Manganese,,....

seseses

EEEY

seessescsenes

Sodium and POtasSSiUM, cveeevesoseocnsoscocccanes
Bicarbonate, carbonate, and hydroxide.,.,.cecee.
Sulfide, ., ooneosecececensssscsanssansnas
Sulfate.,,
Chloride, .
Fluoride,,
Bromide,...csevsssencecse
Iodide, . ...covenncsons o0
Nitrogen, organiC.......
Nitrogen, ammonia.......
Nitrite....ioeececcecncsn
Nitrate,.....cceeeennens
Phosphorus, .ceevecesnsse
BOrON,,cesseeoseaccensas
Dissolved so0lidS.,....s0.
ArseniC..sceeececseccecs
Barium, ,ceueeeeecccossce
Cadmium, ,..oeesveveonass
Chromium,,.ccoeecvoosce

Cobalt, . eoiueeescaconans
COPPeY . st veuovoeonsonans
lLead,,....

o e s s e s .

ssecscesscas

esessrensoan

P Y

essesne

P

cesescsase

sesessesee

" e o e s v o e & e o o

sesseseessesesacsssarnas

sesssscesssessssncsssssse

NicKel, . uiiveveeonnoesocosacosensoasanasosassoses
Strontium,.....ce000000e
ZiNC. . iieinnsacececnsescsosnasssssoans
Properties and characteristics of water,
Dissolved S0lidS...eecs00ncccnsassecss
HardnessS, ..cieeesseeenesososacesscsnens
ACIdity. . .veeieesnencocecasccsseccacasnscsssnsns
Sodium adsorption ratio, .. eeeeeeecesecs
Specific conductance,....ceenecocnncnn
Hydrogen-ion concentration,..seseeeccces
TemperatuUre. .. voeceeesceccsncsnscscnsons
COlOr, svenennssnnnssnoces
Turbidity..eeseesesocons
Density at 20°C...veveee.
Dissolved oxygeN........
Chemical oxygen demand, ..,..ceeeaceeosncscvessoarecnsscanssecnss

cee

.o

seecessoe

sssesv e

» + s e e s e B s s 8 s s e

v

Page
II1

<
-t
]

WOWWOWOOWOWOIU R R R WM



VI CONTENTS

Composition of surface waters--Continued

Properties and characteristics of water--Continued Page
Biochemical oxygen demand.......cceeeeessessocsevosccocasasasnns 18
Biological and microbiological information,......eeveeocesoncces 18
OrgANICS. i vttt nsssecectavronssssnssnsnssnsssesssonssnsnsanssnssse 18
Sediment. .. ... iieeeceeeeseeesacescnanecasecssnssrsananancssesene 19

SEreamEloOW, s ouueeeececenreasesocsseccecnvocsosvscsasaosscssavoncanss 19
PUDLiCATiOoNS. iiieeiorarsseanseocccossosonssasnsossssssonnsssososnsse 20
CooPeration. . .iceuieeeriscnceeneenteoccacessoosnesoseeriosscsncnsosns 21
Division Of WOIK...ieueeteoaseosttneesseserneosssosscsssacnsascsnnnns 22
Literature Cited. ...iiueeeeeecocorsensoncoscareconoosnsancsnsasscnnes 22
INA@X,. tueerenseessusnuscnssossnssassacssecacasossosossscansnsssasssss 439

ILLUSTRATION

Page
Figure 1, Map of the United States showing basins covered by the
ten water-supply papers of quality of surface waters

IN 1969, .. it ietecenscorrenscocsevssnsscccsrvasvsococnssse 2




WATER-QUALITY STATIONS, IN DOWNSTREAM ORDER,
FOR WHICH RECORDS ARE PUBLISHED

lZetters after station name designate type of data: (c) chemical,
(t) water temperature, (s) sediment]

MISSOURI RIVER BASIN
Red Rock River (head of Missouri River):
Beaverhead River (continuation of Red Rock River) at Barretts,

MOnt, (Ct).uiseeeeacenseosocoessnsessnsososconaonsnsassansessns

Beaverhead River near Twin Bridges, Mont, (CtS)...ceeececoassccocscos
Jefferson River (continuation of Beaverhead River) near Twin

Bridges, Mont, (CtS)..uieeseevocsassoncsesesssssccasansnassasns

Missouri River below Canyon Ferry Dam, near Helena, Mont., (ct)......

SUN RIVER BASIN

Sun River below diversion dam, near Augusta, Mont, (Ct)i....seeese
Muddy Creek near Vaughn, Mont, (CtS)....cceeesecresncsensccnnncns

Sun River near Vaughn, Mont, (Ct)...ceeevecesesossooccncencossnces

MARIAS RIVER BASIN

Marias River near Chester, Mont, (Ct)....viesssecncvcocrosasossncs

MILK RIVER BASIN

Milk River at Havre, Mont, (Ct)...civieeacenesvecnnsssonssasnooanss

Milk River near Harlem, Mont, (Ct)....vevesecesosnesncocscansosncs

LITTLE PORCUPINE CREEK BASIN

Frazer Reservoir:

Frazer Reservoir Outlet at Frazer, Mont, (C).uiieeeeeecoonosescases

Missouri River near Culbertson, Mont, (Ct).....veeveeseesrvsanasasans

YELLOWSTONE RIVER BASIN

Clarks Fork Yellowstone River near Belfry, Mont, (Ct)e.eeeocensss
Silver Tip Creek near Belfry, Mont. (CS)...ceeeevennscacncnnsns
North Fork Bluewater Creek near Bridger, Mont, (tS).,...cveece.
Bluewater Creek near Bridger, Mont, (£S)....c.coseeeescsccccscs
Bluewater Creek at Sanford Ranch, near Bridger, Nont, (ts)....
Bluewater Creek near Fromberg, NMont, (tS)...c.ececescccacacsns
Bluewater Creek at Fromberg, Mont, (tS)....cecevencenscasnccns
Yellowstone River at Billings, Mont, (ct).,......

Fly Creek at Pompeys Pillar, Mont, (Ct)....eoceeessessovenes
Wind River near Dubois, Wyo. (CS)...eeesecveescssssscssncscannss
Wind River at Riverton, Wyo, (CtS)..ueivcecesesasscsacescnscnnnns
Little Wind River above Arapahoe, Wyo., (C)ieeseeescocecncocsse
Popo Agie River at Hudson, Wyo, (C)li.sseesenrsecoscrscosoconcnans
Beaver Creek near Arapahoe, Wyo. (C)uivesesvececrannnsscnanssse
Little Wind River near Riverton, Wyo., (CtS).e.eeeeesscnscnnnncs
Muskrat Creek near Shoshoni, Wyo., (S).ieeesceessoancssnssooses
Fivemile Creek above Wyoming Canal, near Pavillion, Wyo., (ts).
Fivemile Creek near Shoshoni, Wyo. (CtS).veeeeeecesessnssocoans
Badwater Creek at Lysite, Wyo. (tS)......
Bridger Creek near Lysite, Wyo, (tS)..ieesesscccescenscncnee
Dry Creek near Bonneville, WyO., (S).c.cseeeces.oncennsoscces
Badwater Creek at Bonneville, Wyo. (tS).ceiecvesevesocssecncns
Muddy Creek near Pavillion, Wyo. (tS)...ceevevecoccccne
Wind River below Boysen Reservoir, Wyo, (ct)..... .o
Bighorn River at Lucerne, WyoO. (C)iceiseceoscssasssnsrsscsosnson
Bighorn River at Neiber, Wyo, (C).c..cocasesesoscocscscosnsnsnns
Fifteen Mile Creek near Worland, Wyo, (1S)....ceeeevecessanans
Bighorn River at Worland, Wyo, (CtS)....e.e.
Nowood River near Ten Sleep, Wyo, (C).iuueseesctocnonsncsoncens

Tensleep Creek:

Canyon Creek below Cooks Canyon, near Ten Sleep, Wyo, (cs)..
Paintrock Creek near mouth, below Hyattville, Wyo. (c)......
Nowood River at Manderson, Wyo. (C)e..seecococcocacosnansnasas
Greybull River near Basin, Wyo. (C)e.ciecaseecncosscsnassscons
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VIII WATER~-QUALITY STATIONS, IN DOWNSTREAM ORDER

MISSOURI RIVER BASIN--Continued
Missouri River-.Continued
YELLOWSTONE RIVER BASIN--Continued
Yellowstone River--Continued
Bighorn River--Continued
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WATER-QUALITY STATIONS IN DOWNSTREAM ORDER
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QUALITY OF SURFACE WATERS OF THE
UNITED STATES, 1969

PART 6
INTRODUCTION

The water-quality investigations of theUnited States Geological Survey are concerned
with chemical and physical characteristics of surface- and ground-water supplies of
the Nation. The data herein deal with the amounts of matter in solution and in suspension
in streams, and represent that portion of the National Water Data System collected
by the U.S. Geological Survey in cooperation with State, municipal, and other Federal
agencies.

The records of chemical analysis, water temperature, and suspended sediment of
surface waters given in this volume serve as a basis for determining the suitability
of waters for various uses. The flow and water quality of a stream are related to
variations in rainfall and other forms of precipitation. In general, lower concen-
trations of dissolved solids may be expected during periods of high flow than during
periods of low flow., Conversely, the suspended solids in some streams may change
materially with relatively small variations in flow, whereas for other streams the
quality of the water may remain relatively uniform throughout large ranges in discharge.

The Geological Survey has published annual records of chemical quality, water
temperature, and suspended sediment since 1941. The records prior to 1948 were
published each year in a single volume for the entire country, and in two volumes in
1948 and in 1949. From 1950 to 1958, the records were published in 4 volumes; from
1959 to 1963 in 5 volumes; from 1964 to 1967 in 6 volumes; and in 1968 in 10 volumes.
The drainage basins covered by the 10 volumes are shown in Figure 1. The shaded
area in Figure 1 represents the section of the country covered in this volume for the
water year 1969 (October 1, 1968 to September 30, 1969).

To meet interim requirements, water-quality records have been released by the
Geological Survey in annual reports, beginning with the 1964 water year, by State.
These reports are entitled, "Water Resources Data for (State), Part 2. Water Quality
Records." Distribution of these reports is limited and primarily for local needs.
Any revisions or corrections found necessary to the records published in these annual
State reports have been made and published in this volume without reference.

The records herein are listed by drainage basins in a downstream direction along
the main stream, All stations on a tributary entering above a mainstream station
are listed before that station. A station on a tributary that enters between two main-
stream stations is listed between them. A similar order is followed in listing stations
on first rank, second rank, and other ranks of tributaries, In the list of water-quality
stations in the front of this volume, the rank of the tributaries is indicated by an
indention. Each indention represents one rank.

As an added means of identification, a station number has been assigned for each
stream location where regular measurements of water quantity or quality have been
made. The numbers have been assigned to conform with the standard downstream
order of listing gaging stations. The numbering system consists of an §-digit number,
such as 06018500. The first 2 digits, "06" identifies the Part or hydrologic region
used by the Geological Survey for reporting hydrologic data. The next 6 digits is the

1
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station number which represents the location of the station in the standard downstream
order within each of the 16 parts (fig. 1). The complete number (06018500) appears
just to the left of the station name, The assigned numbers are in numerical order
but are not consecutive. Gaps are left in the numbers to allow for new stations that
may be established.

°

Seo ALASKA
16 0

HAWAI

Part 1, WSP 2141  Parts 4-5, WSP 2144  Parts 9-10 WSP 2148
Part 2, WSP 2142  Part 7, WSP 2146  Part 11 WSP 2149
Part 3, WSP 2143  Part 8, WSP 2147  Parts 12-16 WSP 2150

Figure 1.--Map of the United States showing basins covered by the 10
water-supply papers on quality of surface waters in 1969, The shaded
part represents the section of the country covered by this volume; the
unshaded part represents the section of the country covered by other
water-supply papers.

Descriptive statements are given for each sampling station where chemical analyses,
temperature measurements, or sediment determinations have been made., These
statements include location of the station, drainage area, periods of records available,
extremes of dissolved solids, hardness, specific conductance, temperature, sediment
loads, and other pertinent data. Records of discharge of the streams at or near the
sampling station are included in most tables of analyses.

During the water year ending September 30, 1969, the Geological Survey main-
tained 212 stations on 110 streams for the study of chemical and physical character-
istics of surface water. Samples were collected daily and monthly at 177 of these
locations for chemical-quality studies. Samples also were collected less frequently
at many other points, Water temperatures were measured continuously at 35 and
daily at 77 stations. All surface water samples collected and analyzed during the year
have not been included. Single analyses made of daily samples before compositing have
not been reported. Specific conductance is determined and reported for almost all
daily samples.

At chemical-quality stations where data are continuously recorded at the stream
site (monitors), the records consist of daily maximum, minimum, and mean values
for each constituent measured. More detailed records (hourly values) may be obtained
by writing the district office listed under Division of Work on page 22.
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Quantities of suspended sediment are reported for 40 stations during the year
ending September 30, 1969. 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.
Particle-size distributions of sediments were determined at 44 stations.

Some of the stations for which data are published in this volume are included in
special networks and programs, These stations are identified by their title, set in
parentheses, under the station name,

Hydrologic bench-mark station is one that provides hydrologic data for a basin in
which the hydrologic regimen will likely be governed solely by natural conditions. Data
collected at a bench-mark station may be used to separate effects of natural from
manmade changes in other basins which have been developed and in which the physi-
ography, climate, and geology are similar tothosein the undeveloped bench-mark basin.

International Hydrological Decade (IHD) River Stations provide a general index of
runoff and materials in the water balance (discharge of water, and dissolved and
transported solids) of the world. 1n the United States, IHD Stations provide indices of
runoff and the general distribution of water in the principal river basins of the con-
terminous United States and Alaska.

Irrigation network stations are water-quality stations located at or near certain
streamflow gaging stations west of the main stem of the Mississippi River. Data
collected at these stations are used to evaluate the chemical quality of surface waters
used for irrigation and the changes resulting from the drainage of irrigated lands.
Prior to water year 1966, these data were published in the annual water-supply paper
series, "Quality of Surface Waters for Irrigation, Western States."

Pesticide program is a network of regularly sampled water-quality stations where
additional monthly samples are collected to determine the concentration and distribution
of pesticides in streams whose waters are used for irrigation or in streams in areas
where potential contamination could result from the application of the commonly used
insecticides and herbicides.

Radiochemical program is a network of regularly sampled water-quality stations
where additional samples are collected twice a year (at high and low flow) to be
analyzed for radioisotopes, The streams that are sampled represent major drainage
basins in the conterminous United States.

COLLECTION AND EXAMINATION OF DATA

Quality of water stations usually are located at or near points on streams where
streamflow is measured by the U.S, Geological Survey. The concentration of solutes
and sediments at different locations in the stream-cross section may vary widely with
different rates of water discharge depending on the source of the material and the
turbulence and mixing of the stream. In general, the distribution of sediment in a
stream section is much more variable than the distribution of solutes. It is necessary
to sample some streams at several verticals across the channel and especially for
sediment, to uniformly traverse the depth of flow. These measurements require
special sampling equipment to adequately integrate the vertical and lateral variability
of the concentration in the section. These procedures yield a velocity-weighted mean
concentration for the section.

The near uniformly dispersed ions of the solute load move with the velocity of
the transporting water. Accordingly, the mean section concentration of solutes de-
termined from samples is a precise measure of the total solute load. The mean
section concentration obtained from suspended sediment samples is a less precise
measure of the total sediment load, because the sediment samplers do not traverse
the bottom 0.3 foot of the sampling vertical where the concentration of suspended
sediment is greatest and because a significant part of the coarser particles in many
streams move in essentially continuous contact with the bed and are not represented
in the suspended sediment sample, Hence, the computed sediment loads presented
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in this report are usually less than the total sediment loads. For most streams the
difference between the computed and total sediment loads will be small, in the order
of a few percent.

CHEMICAL QUALITY

The methods of collecting and compositing water samples for chemical analysis
are described by Brown, Skougstad, and Fishman (1970). No single method of com-
positing samples is applicable to all problems related to the study of water quality.
Composites are made on the basis of dissolved-solids content as indicated by measure-
ments of conductivity of daily samples, supplemented by other information such as
chloride content, river stage, weather conditions and other background information of
the stream.

TEMPERATURE

Daily water temperatures were measured at mostof the stations at the time samples
were collected for chemical quality or sediment content. So far as practicable, the
water temperatures were taken at about the same time each day. Large streams have
a small diurnal temperature change while small, shallow streams may have a daily
range of several degrees and may follow closely the changes in air temperature. Some
streams may be affected by waste-heat discharges.

At stations where continuously recording thermographs are present, the records
consist of maximum and minimum temperatures for eachday, and the monthly averages.

SEDIMENT

In general, suspended-sediment samples were collected daily with depth-integrating
samplers (U.S. Inter-Agency, 1963). At some stations, samples were collected at
a fixed sampling point at one vertical in the cross section. Depth-integrated samples
were collected periodically at three or more verticalsin the cross section to determine
the cross-sectional distribution of the concentration of suspended sediment with
respect to that at the daily sampling vertical. In streams where transverse dis-
tribution of sediment concentration ranged widely, samples were taken at two or more
verticals to define more accurately the average concentration of the cross section.
During periods of high or rapidly changing flow, samples generally were taken several
times a day and, in some instances, hourly.

Sediment concentrations were determined by filtration-evaporation method. At
many stations the daily mean concentration for some days was obtained by plotting
the velocity-weighted instantaneous concentrations on the gage-height chart. The
plotted concentrations, adjusted if necessary, for cross-sectional distribution were
connected or averaged by continuous curves to obtain a concentration graph. This
graph represented the estimated velocity-weighted concentration at any time, and for
most periods daily mean concentrations were determined from the graph. The days
were divided into shorter intervals when the concentration or water discharge were
changing rapidly. During some periods of minor variation in concentration, the
average concentration of the samples was used as the daily mean concentration.
During extended periods of relatively uniform concentration and flow, samples for
a number of days were composited to obtain average concentrations and average
daily loads for each period, (See Expression of Results, p. 5.)

For periods when no samples were collected, daily loads of suspended sediment
were estimated on the basis of water discharge, sediment concentrations observed
immediately before and after the periods, and suspended-sediment loads for other
periods of similar discharge. The estimates were further guided by precipitation
records and sediment discharge at other stations in the same or adjacent basins.
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In many instances where there wereno observations for several days, the suspended-
sediment loads for individual days were not estimated, because numerous factors
influencing the quantities of transported sediment made it very difficult to make
accurate estimates for individual days. However, estimated loads of suspended
sediment for missing days in an otherwise continuous period of sampling have been
included in monthly and annual totals in order to provide a complete record. For
some streams, samples were collected weekly, monthly, or less frequently, and
only rates of sediment discharge at the time of sampling are shown,

In addition to the records of quantities of suspended sediment transported, records
of particle sizes of sediment are included. The particle sizes of suspended sediment
for many of the stations, and the particle sizes of the bed material for some of the
stations were determined intermittently,

The size of particles carried in suspension by streams commonly ranges from
colloids (finer than about 0.24 microns) to coarsesand (2.0 mm), The common methods
of “particle-size analysis cannot accommodate such a wide range. Hence, it was
necessary to separate most samples into two parts, that part coarser than 0.062 mm
and that part finer than 0.062 mm. The separations were made by sieve or by fall
velocity technique. The coarse fractions were classified by sieve separation or by
visual-accumulation tube (U.S. Inter-Agency, 1957). The fine fractions were classified
by the pipet method (Kilmer and Alexander, 1949) or the bottom withdrawal tube
method (U.S. Inter-Agency, 1943).

EXPRESSION OF RESULTS

The quantities of solute concentrations analyzed in the laboratory are measured
in either milligrams per liter or micrograms per liter. Milligrams per liter (mg/l,
MG/L) is a unit which represents the weight of solute per unit volume of water. A
microgram per liter (ug/l, UG/L) is one thousandth of a milligram per liter.

Milliequivalents per liter are not reported but they can be converted easily from
milligrams per liter data. A milliequivalent per liter (me/l) is one thousandth of a
gram equivalent weight of a constituent, Chemical equivalence in milliequivalents
per liter can be obtained by (a) dividing the concentration in milligrams per liter
by the combining weight of that jon, or (b) by multiplying the concentration (in mg/1)
by the reciprocals of the combining weights. Table 1on page 6, lists the reciprocals
of the combining atomic weights based on carbon-12 (International Union of Pure and
Applied Chemistry, 1961).

The hardness of water is conventionally expressed in all water analyses in terms
of an equivalent quantity of calcium carbonate. Such a procedure is required because
hardness is caused by several different cations, present in variable proportions, It
should be remembered that hardness is an expression in conventional terms of a
property of water. The actual presence of calcium carbonate in the concentration given
is not to be assumed. The hardness caused by calcium and magnesium (and other
cations if significant) equivalent to the carbonate and bicarbonate is called carbonate
hardness; the hardness in excess of this quantity is called noncarbonate hardness.
Hardness or alkalinity values expressed in milligrams per liter as calcium carbonate
may be converted to milliequivalents per liter by dividing by 50.

The value usually reported as dissolved solids is the residue on evaporation after
drying at 180°C for 1 hour, For some waters, particularly those containing moderately
large quantities of soluble salts, the value reported is calculated from the quantities of
the various determined constituents using the carbonate equivalent of the reported
bicarbonate, The calculated sum of the constituents may be given instead of or in
addition to the residue. In the analyses of most waters used for irrigation, the quantity
of dissolved solids is given in tons per acre-foot as well as in milligrams per liter.
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Table 1.--Factors for conversion of chemical constituents in milligrams per liter
to milliequivalents per liter

Multi- Multi-

Ion ply by Ion ply by

Aluminum (AI#3)*. . . ... .. 0.11119  lodide (I1) . . . . . . .. ... 0.00788
Ammonia as NH® . . ., .. . .05544 Iron (Fe*®)*. . ......... .05372
Arsenic (As®)*, . . ... ... .04004 Lead (Pb#2)* .., .. .. «e.. .00965
Barium (Ba*?) ... ...... .01456  Lithium (Li®) .. ....... .14411
Bicarbonate (HCOs-1). . . . . . .01639  Magnesium (Mg®) . ...... .08226
Bromide (Br-1). . .. .. ... .01251  Manganese (Mn+2)* . . . . . .. .03640
Cadmium (Cd*2)*. . .. .. .. .01779  Mercury (Hg+)* . . ... ... .00997
Calcium (Ca*?) . . . . ..... .04990 Nickel (Ni*2)* .. ....... .03406
Carbonate (CO32) . . . .. .. .03333  Nitrate (NOg%). . . . ...... .01613
Chloride (C171) . v . . v v . . . .02821  Nitrite (NOg™). . . . . .. ... 02174
Chromium (Cr+6)* ., .. ,.. .11539  Phosphate (PO,~%.. ... ... .03159
Cobalt (Co+2)*, . . . .. .... .03394  Potassium (K+1) . ....... .02557
Copper (Cu*2)* , . .. ... .. .03148  Sodium (Na+l). . .. .. .. .. .04350
Cyanide (CN-1) . . . . ... .. .03844  Strontium (Sr+2)*. ... .... .02283
Fluoride (F-1) .. ... .... .05264 Sulfate (SO;2).......... .02082
Hydrogen (H*) . . . . . .. .. .99209  Sulfide (S-2). . ......... .06238
Hydroxide (OH-1). . .. ... . .05880  Zinc (Zn*2)* . ... e e+ .. 03060

*Constituent reported in micrograms per liter; multiply by factor and divide
results by 1,000.

Specific conductance is given for most analyses and was determined by means
of a conductance bridge and using a standard potassium chloride solution as reference.
Specific conductance values are expressed in micromhos per centimeter at 25°C,
Specific conductance in micromhos is 1 million times the reciprocal of specific
resistance at 25°C. Specific resistance is the resistance in ohms of a column of
water 1 centimeter long and 1 square centimeter in cross section.

The discharge of the streams is reported in cubic feet per second (see Streamflow,
p. 19) and the temperature in degrees Celsius (°C). Color is expressed in units of
the platinum-cobalt scale proposed by Hazen (1892). A unit of color is produced by
one milligram per liter of platinum in the form of the chloroplatinate ion. Hydrogen-
ion concentration is expressed in terms of pH units. By definition the pH value of a
solution is the negative logarithm of the concentration of gram ions of hydrogen.

An average of analyses for the water year is given for most daily sampling stations.
Most of these averages are arithmetical, time-weighted, or discharge-weighted; when
analyses during a year are all on 10-day composites of daily samples with no missing
days, the arithmetical and time-weighted averages are equivalent. A time-weighted
average 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 discharge-weighted average approximates the composition of water
that would be found in a reservoir containing all of the water passing a given station
during the year. A discharge-weighted average is computed by multiplying the discharge
for the sampling period by the concentrations of individual constituents for the corre-
sponding period and dividing the sum of the products by the sum of the discharges.
For most streams, discharge-weighted averages are lower than arithmetical averages
because at times of high discharge the rivers generally have low concentrations of
dissolved solids.

A program for computing these averages by digital computer was instituted in
the 1962 water year, This program extended computations to include averages for
pH values expressed in terms of hydrogen ion and averages for the concentration of
‘individual constituents expressed in tons per day. Concentrations in tons per day are
computed the same as daily sediment loads.

The concentration of sediment in milligrams per liter is computed as 1,000,000
times the ratio of the weight of sediment to the weight of water-sediment mixture. Daily
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sediment loads are expressed in tons per day and except for subdivided days, are
usually obtained by multiplying daily mean sediment concentrations in mg/1 by the daily
mean discharge in cubic feet per second, and the conversion factor, normally 0.0027.

For those days when the published sediment discharge value differs from the value
computed, the reader can assume that the sedimentdischarge for that day was computed
by the subdivided-day method.

Particle-size analyses are expressed in percentages of material finer than classified
sizes (in millimeters). The size classification used in this report agrees with recom-
mendations made by the American Geophysical Union Subcommittee on Sediment Termi-
nology. The classification is as follows:

Classification Size (mm) Method of analysis
Clay............ 0.00024 - 0.004 Sedimentation

Silt .o..eeelel. 004 - 062 Sedimentation
Sand............ 062 - 20 Sedimentation or sieve
Gravel......... 2.0 - 64.0 Sieve

The particle-size distributions given in this report are not necessarily representative of
all the particle sizes of sediment intransportin the natural stream. Most of the organic
matter is removed and the sample is subjected to mechanical and chemical dispersion
before analysis in distilled water, Chemical dispersion is not used for native-water
analysis (Guy 1969).

Prior to the 1968 water year, data for chemical constituents and concentrations of
suspended sediment were reported in parts per million (ppm) and water temperatures
were reported in degrees Fahrenheit (°F). In October 1967, the U.S, Geological Survey
began reporting data for chemical constituents and concentrations of suspended sediment
in milligrams per liter (mg/l) and water temperatures are given in degrees Celsius
(centigrade, °C). In waters with a density of 1,000 g/ml (grams per milliliter), parts
per million and milligrams per liter can be considered equal. In waters with a density
greater than 1.000 g/ml, values in parts per million should be multiplied by the
density to convert to milligrams per liter. (See table 2 on page 8.) Temperature,
in degrees Celsius may be converted to degrees Fahrenheit by using the table on
page 8.

COMPOSITION OF SURFACE WATERS

All natural waters contain dissolved mineral matter, The quantity of dissolved
mineral matter in a natural water depends primarily on the type of rocks or soils
with which the water has been in contact and the length of time of contact. Ground water
is generally more highly mineralized than surface runoff because it remains in contact
with the rocks and soils for much longer periods. Some streams are fed by both surface
runoff and ground water from springs or seeps. Such streams reflect the chemical
character of their concentrated underground sources during dry periods and are more
dilute during periods of heavy rainfall. The dissolved-solids content in a river is
frequently increased by drainage from mines or oil fields, by the addition of industrial
or municipal wastes, or--in irrigated regions--by drainage from irrigated lands.

The mineral constituents and physical properties of natural waters reported in
the tables of analyses include those that have a practical bearing on water use. The
results of analyses generally include silica, iron, calcium, magnesium, sodium,
potassium (or sodium and potassium together calculated as sodium), carbonate,
bicarbonate, sulfate, chloride, fluoride, nitrate, boron, pH, dissolved solids, and
specific conductance. Aluminum, manganese, color, acidity, dissolved oxygen, and
other dissolved constituents and physical properties are reported for certain streams.
Microbiologic (coliforms) and organic components (pesticides, total organic carbon)
and minor elements (arsenic, cobalt, cadmium, copper, lead, mercury, nickel, strontium,
zinc, etc.) are determined occasionally for some streams in connection with specific
problems and the results are reported. The source and significance of the different
constituents and properties of natural waters are discussedin the following paragraphs.
The constituents are arranged in the order that they appear in the tables.
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Table 2.--Factors for conversion of sediment concentration in milligrams per liter
to parts per million*
(All values calculated to three significant figures)

Range of
concen-
tration
in 1000
mg/1

o - 8

8.05- 24
24.2 - 40
40.5 - 56
56.5 - 72
72.5 - 88
88.5 -104
105 -120
121 -136
137 -152
153 -169
170 -185
186 -200

Table 3.--Degrees Celsius (°C) to degrees Fahrenheit (°F)*
(Temperature reported to nearest 0.5°C)

a
&l

[=]

WO XX U U WDWRN S
oo upuUouUuoUo VLo UL LoD VO
'S
[=]

Range of
concen-
tration
in 1000
mg/1

201-217
218-232
234-248
250-264
266- 280
282-297
299-313
315-329
331-345
347-361
363-378
380-393
395-409

Range of

concen-

tration

in 1000
mg/1

411-424
427-440
443-457
460-473
476-489
492-506
508-522
524-538
540-554
556-570
572-585
587-602
604-617

Di-
vide
by

1.26
1.27
1.28
1.29
1.30
1.31
1.32
1.33
1.34
1.35
1.36
1.37
1.38

Range of
concen-
tration
in 1000
mg/1

619-634
636-650
652-666
668-682
684-698
700-715
717-730
732-747
749-762
765-780
782-796
798-810

*Based on water density of 1.000 g/ml and a specific gravity
of sediment of 2.65 g/cc.

°Cc

10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5
15.0
15.5
16.0
16.5
17.0
17.5
18.0
18.5
19.0
19.5

°F

50
51
52
53
54
54
55
56
57
58
59
60
61
62
63
63
64
65
66
67

°Cc

°F

°Cc

30.0
30.5
31.0
31.5
32.0
32,5
33.0
33.5
34.0
34,5
35.0
35.5
36.0
36.5
37.0
37.5
38.0
38.5
39.0
39.5

*C =5/9 (°F - 32) or °F = 9/5 (°C) + 32.

°F

86
87
88
89
90
90
91
92
93
94
95
96
97
98
99
99
100
101
102
103

40.0
40.5
41.0
41.5
42.0
42.5
43.0
43.5
44.0
44.5
45.0
45.5
46.0
46,5
47.0

48.0
48.5
49.0
49.5

Di-
vide
by

1.39
1.40
1.41
1.42
1.43
1.44
1.45
1.46
1.47
1.48
1.49
1.50

°F

104
105
106
107
108
108

110
111
112
113
114
115
116
117
117
118
119
120
121
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MINERAL CONSTITUENTS IN SOLUTION

Silica (Si02)

Silica is dissolved from practically all rocks. Some natural surface waters contain
less than 5 milligrams per liter of silica and few contain more than 50 mg/l, but the
more common range is from 10 to 30 mg/l. 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 also forms troublesome deposits on
the blades of steam turbines., However, it is not physiologically significant to humans,
livestock, or fish, nor is it of importance in irrigation water.

Aluminum (Al)

Aluminum is usually present only in negligible quantities in natural waters except
in areas where the waters have been in contact with the more soluble rocks of high
aluminum content such as bauxite and certain shales, Acid waters often contain large
amounts of aluminum. It may be troublesome in feed waters where it tends to be
deposited as a scale on boiler tubes.

Iron (Fe)

Iron is dissolved from many rocks and soils. On exposure to air, normal basic waters
that contain more than 1 mg/l of iron soon become turbid with the insoluble reddish
ferric compounds produced by oxidation. Surface waters, therefore, seldom contain as
much as 1 mg/l of dissolved iron, although some acid waters carry large quantities of
iron in solution. Iron causes reddish-brown stains on porcelain or enameled ware and
fixtures and onfabrics washedinthe water. The highest desirable level of concentrations
of iron in culinary and drinking-wateris0.1mg/1 (100 ug/l) with a maximum permissible
level of 1.0mg/1(1000ug/1). (International Standards for Drinking-Water (ISD-W), 1971),

Manganese (Mn)

Manganese is dissolved in appreciable quantities from rocks in some sections
of the country. It resembles iron in its chemical behavior and in its occurrence in
natural waters, However, manganese in rocks is less abundant than iron. As a result
the concentration of manganese is much less than that of iron and is not regularly
determined in many areas. It is especially objectionable in water used in laundry work
and in textile processing. Concentrations as low as 0.2 mg/l (200 ug/l) may cause
a dark-brown or black stain on fabrics and porcelain fixtures. Appreciable quantities
of manganese are often found in waters containing objectionable quantities of iron.

Calcium (Ca)

Calcium is dissolved from almost 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
contain less than 10 mg/l of calcium; waters in areas where rocks are composed of
dolomite and limestone contain from 30 to 100 mg/l; and waters that have come in
contact with deposits of gypsum may contain several hundred mg/1.

Magnesium (Mg)

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

Sodium and potassium (Na and K)

Sodium and potassium are dissolved from practically all rocks. Sodium is the
predominant cation in some of the more highly mineralized waters found in the western
United States. Natural waters that contain only 3 or 4 mg/l of the two together are
likely to carry almost as much potassium as sodium. As the total quantity of these
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constituents increases, the proportion of sodium becomes much greater, Moderate
quantities of sodium and potassium have little effect on the usefulness of the water
for most purposes, but waters that carry more than 50 to 100 mg/1 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.

Bicarbonate, carbonate and hydroxide (HCOS’CO3’ OH)

Bicarbonate, carbonate, or hydroxide is sometimes reported as alkalinity., The
alkalinity of a water is produced by anions or molecular species of weak acids which
are not fully dissociated above a pH of 4.5. Since the major causes of alkalinity in
most natural waters are carbonate and bicarbonate ions dissolved from carbonate
rocks, the results are usually reported in terms of these constituents. Although
alkalinity may suggest the presence of definite amounts of carbonate, bicarbonate
or hydroxide, there are other ions that contribute to alkalinity such as silicates,
phosphates, borates, possibly fluoride, and certain organic anions which may occur
in colored waters. The significance of alkalinity to the domestic, agricultural, and
industrial user is usually dependent upon the nature of the cations (Ca, Mg, Na, K)
associated with it, Alkalinity in moderate amountsdoes not adversely affect most users.

Hydroxide may occur in water that has been softened by the lime process. lts
presence in streams usually can be taken as an indication of contamination and does
not represent the natural chemical character of the water.

Sulfide (S)

Sulfide occurs in water as a result of bacterial and chemical processes. It usually
is present as hydrogen sulfide. 'Variable amounts may be found in waters receiving
sewage and (or) industrial wastes, such as from tanneries, papermills, chemical plants,
and gas manufacturing work (California State Water Quality Control Board, 1963).

Waters containing sulfides, especially hydrogen sulfide, may be considered un-
desirable because of their odor. The toxicity to aquatic organisms differs significantly
with the species and the nature of associated ions.

Sulfate (SO 4)

Sulfate is dissolved from most sedimentary rocks. Large quantities may be
derived from beds of gypsum, sodium sulfate deposits, and some types of shale.
Organic material containing sulfur adds sulfate to the water as a phase of the sulfur
cycle. Innatural waters, concentrations range from a few mg/1 to several thousand mg/1.

ISD-W (1971) recommends 200 mg/l as the highest desirable level of sulfatr
concentration in drinking and culinary water,

Sulfates are less toxic to crops than chlorides.
Chloride (Cl)

Chloride 1is dissolved from rock materials in all parts of the country, Surface
waters in the humid regions are usually low in chloride, whereas streams in arid or
semiarid regions may contain several hundred mg/l of chloride leached from soils
and rocks, especially where the streams receive return drainage from irrigated lands
or are affected by ground-water-inflow carrying appreciable quantities of chloride.
Large quantities of chloride in water that contains a high content of calcium and
magnesium increases the water's corrosiveness, The presence of abnormal concen-
trations of chloride and nitrogenous material together in water supplies indicates
possible pollution by human or animal wastes.

Fluoride (F)

Fluoride has been reported as being present in some rocks to about the same
extent as chloride. However, the quantity of fluoride in natural surface waters is
ordinarily very small compared to that of chloride. Investigations have proved that
fluoride concentrations of aboutr 0.6 to 1.7 mg/l reduced the incidence of dental caries
and that concentrations greater than 1.7 mg/l also protect the teeth from cavities
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but cause an undesirable black stain (Durfor and Becker, 1964, p. 20). Public Health
Service, 1962, states, '"When fluoride is naturally present in drinking water, the
concentration should not average more than the appropriate upper control limit (0.6 to
1.7 mg/l). Presence of fluoride in average concentration greater than two times the
optimum values shall constitute grounds for rejection of the supply.” Concentration
higher than the stated limits may cause mottled enamel in teeth, endemic cumulative
fluorosis, and skeletal effects.

Bromide (Br)

Bromine is a very minor elementinthe earth's crust and is normally present in sur-
face waters inonly minute quantities, Measurable amounts may be found in some streams
that receive industrial wastes, and some natural brines may contain rather high con-
centrations. 1t resembles chloride in that it tends to be concentrated in sea water.

lodide (I)

lodide is considerably less abundant both in rocks and water than bromine., Measur-
able amounts may be found in some streams that receive industrial wastes, and some
natural brines may contain rather high concentrations. It occurs in sea water to the
extent of less than 1 mg/l. Rankama and Sahama (1950) report iodide present in
rainwater to the extent of 0.001 to 0.003 mg/l and in river water in about the same
amount. Few waters will contain over 2.0 mg/L.

Nitrogen, organic (N)

Organic nitrogen includes all nitrogenous organic compounds, such as amino acid,
polypeptides, and proteins., It is present naturally in all surface waters as the result
of inflow of nitrogenous products from the watershed and the normal biological life
of the stream.

Organic nitrogen is not pathologically significant but is sometimes an indication
of pollution.

Nitrogen, ammonia (NH g 38 N)

Ammonia nitrogen includes nitrogen in the forms of NH, and NH ”. As a component

of the nitrogen cycle, it is often present in water, but usually in only small amounts.
More than 0.1 mg/1 usually indicates organic pollution (Rudolph, 1931).

There is no evidence that ammonia nitrogen in water is physiologically significant
to man or livestock. Fish, however, cannot tolerate large quantities.

Nitrite (NO,)

Nitrite is unstable in the presence of oxygen and is, therefore, absent or present
in only minute quantities in most natural waters under aerobic condition. The presence
of nitrite in water is sometimes an indication of organic pollution.

Recommended tolerances of nitrite in domestic water supplies differ widely. A
generally accepted limitis 2mg/I, but aslittle as 0.1 mg/1 has been proposed (California
State Water Quality Control Board, 1963).

Nitrate (N03)

Nitrate in water is considered a final oxidation product of nitrogenous material
and may indicate contamination by sewage or otherorganic matter, such as agricultural
runoff, or industrial waste, The quantities of nitrate present in surface waters are
generally less than 5 mg/I (as N03) and have no effect on the value of the water for
ordinary uses.

It has been reported that as much as 2 mg/l of nitrate in boiler water tends to
decrease intercrystalline cracking of boiler steel. Studies made by Faucett and Miller
(1946), Waring (1949) and by the Narional Research Council (Maxcy, 1950) concluded
that drinking water containing nitrates in excessof 44 mg/1 (as NO,) should be regarded
as unsafe for infant feeding. 1SD-W (1971) sets 45 mg/1 as the upper limit.
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Phosphorus (P)

Phosphorus is an essential element in the growth of plants and animals. 1t occurs
in water as organically bound phosphorus or as phosphate (PO ). Some sources
that contribute nitrate, such asorganic wastes are also important sources of phosphorus,
The addition of phosphates in water treatment constitutes a possible source although
the dosage is usually small, In some areas phosphate fertilizers may yield some
phosphorus to water. Another important source is the use of phosphates in detergents.
Domestic and industrial sewage effluents often contain considerable amounts of phos~
phorus. Concentrations of phosphorus found in water are not reported to be toxic to
man, animal, orfish. However, the element can stimulate the growth of algae, which may
cause taste and odor problems in public water treatment and esthetic problems in
recreation areas.

Boron (B)

Boron in small quantities has been found essential for plant growth, but irrigation
water containing more than 1 mg/l boron is detrimental to citrus and other boron-
sensitive crops. Boron is reported in Survey analyses of surface waters in arid
and semiarid regions of the Southwest and West where irrigation is practiced or con-~
templated, but few of the surface waters analyzed have harmful concentrations of boron.

Dissolved solids

The reported quantity of dissolved solids--the residue on evaporation--consists
mainly of the dissolved mineral constituents in the water. 1t may also contain some
organic matter and water of crystallization. Waters with less than 500 mg/1 of dissolved
solids are usually satisfactory for domestic and someindustrial uses. Water containing
several thousand mg/1 of dissolved solids are sometimes successfully used for irrigation
where practices permit the removal of soluble salts through the application of large
volumes of water on well-drained lands, but generally water containing more than
about 2,000 mg/l is considered to be unsuitable for long-term irrigation under average
conditions.

Arsenic (As)

Arsenic compounds are present naturally in some waters, but the occurrence of
quantities detrimental to health is rare., Weed killers, insecticides and many industrial
effluents contain arsenic and are potential sources of water pollution, The upper limits
of arsenic concentration in drinking-water should not exceed 0.05 mg/1 (50 ug/1) and it
would seem wiser to keep the level as low as possible (1SD-W, 1971), Concentrations
of 2-4 mg of arsenic per liter are reported not to interfere with the self-purification
of streams (Rudolfs and others, 1944) but concentrations in excess of 15 mg/l may
be harmful to some fish.

Barium (Ba)

Barium may replace potassium in some of the igneous rock minerals, especially
feldspar, and barium sulfate (barite) is a common barium mineral of secondary origin.
Only traces of barium are present in surface water and sea water. Because natural
water contains sulfate, barium will dissolve only in trace amounts, Barium sometimes
occurs in brines from oil-well wastes.

Barium concentrations in excess of 1.0 mg/lisnot suitable for drinking and culinary
use because of the serious toxic effects of barium on heart, blood vessels, and nerves,

Cadmium (Cd)

This element is found in nature largely inthe form of the sulfide, and as an impurity
in zinc-lead ores. The carbonate and hydroxide are not very soluble in water and will
precipitate at high pH values; the chloride, nitrate, and sulfate are soluble and remain
in solution under most pH conditions,

The extensive useof the element and its salts in metallurgy, electroplating, ceramics,
and photography make it a frequent component of industrial wastes.
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The results of animal studies suggest that very small amounts of cadmium can
produce nephrotoxic and cardiovascular effects. The reproductive organs of animals
are specifically affected after parenteral administration of very small amounts of
cadmium salts. The level of cadmium concentrationproposed for water use is 0.0l mg/1
(10 ug/1) or the lowest concentration that can be conveniently measured (ISD-W, 1971),

Chromium (Cr)

Few if any waters contain chromium from natural sources. Natural waters can
probably contain only traces of chromium as a cation unless the pH is very low. When
chromium is present in water, it is usually the result of pollution by industrial wastes.
Concentrations of more than 0.05 mg/l of chromium in the hexavalent form constitute
grounds for rejection of a water for domestic use on the basis of the standards of
the U.S, Public Health Service (1962).

Cobalt (Co)

Cobalt occurs in nature in the minerals smaltite, (Co,Ni)As,, and cobaltite, CoAsS.
Alluvial deposits and soils derived from shales often contdin cobalt in the form of
phosphate or sulfate, but other soil types may be markedly deficient in cobalt in any
form (Bear, 1955). Ruminant animals may be adversely affected by grazing on land
deficient in cobalt.

For domestic water supplies, no maximum safe concentration has been established.
Copper (Cu)

Copper is a fairly common trace constituent of natural water. Small amounts may be
introduced into water by solution of copper and brass water pipes and other copper-
bearing equipment in contact with the water, or from copper salts added to control algae
in open reservoirs, Copper salts such as the sulfate and chloride are highly soluble in
waters with a low pH butinwater of normal alkalinity the salts hydrolyze and the copper
may be precipitated. In the normal pH range of natural water containing carbon dioxide,
the copper might be precipitated as carbonate, The oxidized portions of sulfide-copper
ore bodies contain other copper compounds. The presence of copper in mine water is
common,

Copper imparts a disagreeable metallic taste to water. As little as 1.5 mg/1 can
usually be detected, and 5 mg/l can render the water unpalatable. Copper is not con-
sidered to be a cumulative systemic poisonlikelead and mercury; most copper ingested
is excreted by the body and very little is retained. The pathological effects of copper
are controversial, butitis generally believedvery unlikely that humans could unknowingly
ingest toxic quantities from palatable drinking water. The U.S. Public Health Service
(1962) recommends that copper should not exceed 1.0 mg/1 (10 ug/1) in drinking and
culinary water. ISD-W, 1971 gives 0.05 mg/1 (50 ug/l) as the highest desirable level.

Lead (Pb)

Lead seldom occurs in most natural waters, but industrial mine and smelter effluents
may contain relatively large amounts of lead which contaminates the streams. Also,
atmospheric contamination which is produced from several types of engine exhausts
has considerably increased the availability of this element for solution in rainfall,
resulting in contamination of lead in streams (Hem, 1970).

Lead in the form of sulfate is reported to be soluble in water to the extent of 31 mg/1
(Seidell, 1940) at 25°C. In natural water this concentration would not be approached,
however, since a pH of less than 4.5 would probably be required to prevent formation of
lead hydroxide and carbonate. It is reported (Pleissner, 1907) that at 18°C water free of
carbon dioxide will dissolve the equivalent of 1.4 mg/l of lead and the solubility is
increased nearly four fold by the presence of 2.8 mg/1 of carbon dioxide in the solution.
Presence of other ions may increase the solubility of lead. Reports on human tolerance
of lead vary widely. U.S. Public Health Service (1962) states that lead shall not exceed
0.05 mg/l (50 ug/l) in drinking and culinary water on carriers subject to Federal
quarantine regulations. 1SD-W, 1971 gives 0.10 mg/1 (100 ug/l) as the upper limit.
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Lithium (L)

Lithium is present in some minerals but is not abundant in nature. From available
information, most fresh waters rarely contain lithium of concentrations exceeding
10 mg/l, but larger quantities may be present in brines and thermal waters. Lithium
is used in metallurgy, medicinal water, and some types of glass and storage batteries.
Waste from such industries may contain lithium.

Mercury (Hg)

Mercury is the only common metal which is liquid at ordinary temperatures.
It occurs free in nature but its chief source is cinnabar (HgS). Mercury compounds
are virulent culminative poisons which are readily absorbed through the respiratory
and gastrointestinal tracts or through unbroken skin (Weast and Selby, 1967).

The main source of high concentrations of dissolved mercury in water, in the form
of highly toxic methyl mercury, Hg(CH,)),,, comes from waste discharges from industrial
users of mercury and from mercurial pesticides.

Fish from streams and lakes subject to mercury contamination have been found to
contain amounts of mercury above the safe limits for food consumption. The U.S.
Public Health Service has proposed that the upper limits of dissolved mercury in water
for domestic use should not exceed 5 micrograms per liter (0.005 mg/1). ISD-W,
1971 recommends 0.01 mg/1 (1 ug/1) as the upper limits of concentration.

Nickel (Ni)

Elemental nickel seldom occurs in nature, but its compounds are found in many
ores and minerals. Many nickel salts are quite soluble and may contribute to water
pollution, especially when discharged from metal-plating industries.

No set limit of nickel concentration has been established for public water supply.
Strontium (Sr)

Strontium is a typical alkaline-earth element and is similar chemically to calcium.
Strontium may be present in natural water in amounts up to a few mg/l much more
frequently than the available data indicate, In most surface water the amount of stron-
tium is small in proportion to calcium, However, in sea water the ratio of strontium
to calcium is 1:30.

Zinc (Zn)

Zinc is abundant in rocks and ores but is only a minor constituent in natural water
because the free metal and its oxides are only sparingly soluble, In most alkaline
surface waters it is present only in trace quantities, but more may be present in acid
water. Chlorides and sulfates of zinc are highly soluble., Zincis used in many commer-
cial products, and industrial wastes may contain large amounts.

Zinc in water does not cause serious effects on health, but produces undesirable
esthetic effects, ISD-W, 1971 gives 5 mg/1 (5000 ug/1) of zinc content as the highest
desirable level for drinking water and 15 mg/l as the maximum permissible level.

PROPERTIES AND CHARACTERISTS OF WATER

Dissolved solids

Theoretically, dissolved solids are anhydrous residues of the dissolved substances
in water.

All solutes affect the chemical and physical properties of the water and result in an
osmotic pressure. Water with several thousand mg/lof dissolved solids is generally not
palatable, although those accustomed to highly mineralized water may complain that less
concentrated water tastes flat. The U.S. Public Health Service (1962) recommends that
the maximum concentration of dissolved solids not exceed 500 mg/l in drinking and
culinary water on carriers subject to Federal quarantine regulations, but permits 1,000
mg/1 if no better water is available, ISD-W (1971) recommends 500 mg/1 as the highest
desirable level and 1500 mg/l as the maximum permissible level. Reported livestock
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tolerances range from 3,000 mg/l (Colorado Agricultural Experiment Station, 1943)
to 15,000 mg/1 (Heller, 1933).

Industrial tolerances for dissolved solids differ widely, but few industrial processes
will permit morethan 1,000mg/1. The Geological Survey classifies the degree of salinity
of these more mineralized bodies of water as follows (Swenson and Baldwin, 1965):

Dissolved solids (mg/l) Degree of salinity

Lessthan 1,000 . . . . . . .. Nonsaline,
1,000t0 3,000 . . . ... ... Slightly saline.
3,000 t0 10,000. . . ... . .. Moderately saline.
10,000t0 35,000 . . . .. ... Very saline,

Hardness

Hardness is the characteristic of water that receivesthe most attention in industrial
and domestic use. It is commonly recognized by theincreased 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, possibility 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 hardness, although they usually are not present in quantities
large enough to have any appreciable effect.

Generally, bicarbonate and carbonate determine the proportions of "carbonate"
hardness of water. Carbonate hardness is the amount of hardness chemically equivalent
to the amount of bicarbonate and carbonate in solution. Carbonate hardness is approx-
imately equal to the amount of hardness that is removed from water by boiling.

Noncarbonate hardness is the difference between the hardness calculated from
the total amount of calcium and magnesium in solution and the carbonate hardness.
The scale formed at high temperatures by the evaporation of water containing non-
carbonate hardness commonly is tough, heat resistant, and difficult to remove.

Although many people talk about soft water and hard water, there has been no firm
line of demarcation. Water that seems hard to an easterner may seem Soft to a
westerner. In this report hardness of water is classified as follows:

Hardness range
(calcium carbonate in mg/1) Hardness description

0-60 ... ............ Soft

61-120, . . .. ... ... ... Moderately hard
121-180 . . ... .. ... ... Hard
Morethan180. . . . .. .. .. Very hard

Durfor and Becker, 1964, p. 23-27.

Acidity (H™h

The use of the terms acidity and alkalinity is widespread in the literature of water
analysis and is a cause of confusion to those who are more accustomed to seeing a
pH of 7.0 used as a neutral point, Acidity of a natural water represents the content
of free carbon dioxide and other uncombined gases, organic acids and salts of strong
acids and weak bases that hydrolyze to give hydrogen ions. Sulfates of iron and aluminum
in mine and industrial wastes are common sources of acidity.

Sodium adsorption ratio (SAR)

The term 'sodium adsorption ratio (SAR)" was introduced by the U.S. Salinity
Laboratory Staff (1954). 1t is a ratio expressing the relative activity of sodium ions
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in exchange reaction with soil and is an index of the sodium or alkali hazard to the
soil. Sodium adsorption ratio is expressed by the equation:

Na+

SAR = ——————
./ caag”
2

where the concentrations of the ions are expressed in milliequivalents per liter.

Waters are divided into four classes with respect to sodium or alkali hazard: low,
medium. high, and very high, depending upon the SAR and the specific conductance.
At a conductance of 100 micromhos per centimeter the dividing points are at SAR
values of 10, 18, and 26, but at 5,000 micromhos the corresponding dividing points
are SAR values of approximately 2.5, 6.5, and 11, Waters range in respect to sodium
hazard from those which can be used for irrigation on almost all soils to those which
are generally unsatisfactory for irrigation.

Specific conductance (micromhos per centimeter at 25°C)

Specific conductance is a convenient, rapid determination used to estimate the
amount of dissolved solids in water, It is a measure of the ability of water to transmit
a small electrical current (see p. 6), The more dissolved solids in water that can
transmit electricity the greater the specific conductance of the water, Commonly,
the amount of dissolved solids (in mg/1) is about 65 percent of the specific conductance
(in micromhos). This relation is not constant from stream to stream or from well to
well and it may even vary in the same source with changes in the composition of the
water (Durfor and Becker, 1964 p. 27-29).

Specific conductance of most waters in the eastern United States is less than 1,000
micromhos, but in the arid western parts of the country, a specific conductance of
more than 1,000 micromhos is common,

Hydrogen-ion concentration (pH)

Hydrogen-ion concentration is expressed in terms of pH units (seep. 6 ). The
values of pH often are used as a measure of the solvent power of water or as an
indicator of the chemical behavior certain solutions may have toward rock minerals.

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 water-treatment plants. A pH of 7.0 indicates that the water is neither acid nor
alkaline. pH readings progressively lower than 7.0 denote increasing acidity and those
progressively higher than 7.0 denote increasing alkalinity. The pH of most natural
surface waters ranges between 6 and 8. Some alkaline surface waters have pH values
greater than 8.0 and waters containing free mineral acid or organic matter usually have
pH values less than 4.5,

The investigator who utilizes pH data in his interpretations of water analyses
should be careful to place pH values in their proper perspective.

Temperature

Temperature is an important factor in properly determining the quality of water,
This is very evident for such a direct use as an industrial coolant. Temperature is
also important, but perhaps not so evident, for its indirect influence upon aquatic
biota, concentrations of dissolved gases, and distribution of chemical solutes in lakes
and reservoirs as a consequence of thermal stratification and variation.

Surface water temperatures tend to change seasonally and daily with air temperatures,
except for the outflow of large springs. Superimposed upon the annual temperature cycle
is a daily fluctuation of temperature which is greater in warm seasons than in cold
and greater in sunny periods than with a cloud cover. Natural warming is due mainly
to absorption of a solar radiation by the water and secondarily to transfer of heat from
the air. Condensation of water vapor atthe water surface is reported to furnish measur-
able quantities of heat. Heat loss takes place largely through radiation, with further
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losses through evaporation and conduction to the air and to the streambed. Thus the
temperature of a small stream generally reaches a maximum in mid- to late afternoon
due to solar heating and reaches a minimum from early to mid-morning after nocturnal
radiation.

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
viewed in the 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 water 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 15 units generally passes unnoticed (U.S, Public
Health Service, 1962). Some swamp waters have natural color in excess of 300 units.

The extent to which a water is colored by material in solution is commonly reported
as a part of a water analysis because a significant color in water may indicate the
presence of organic material that may have some bearing on the dissolved solids content.
Color in water is expressed in terms of units between O and 500 or more based on
the above standard (seep. 6).

Turbidity

Turbidity is the optical property of a suspension with reference to the extent to which
the penetration of light is inhibited by the presence of insoluble material. Turbidity is a
function of both the concentration and particle size of the suspended material. It is
reported in terms of mg/1 of silica or Jackson turbidity units (JTU).

Turbid water is abrasive in pipes, pumps, and turbine blades. Although turbidity
does not directly measure the safety of drinking water, it is related to the consumer's
acceptance of the water. The highest desirable level of turbidity for drinking water is
5 JTU with a maximum permissible level of 25 JTU (ISD-W, 1971).

Density at 20°C

Density is the mass of any substance per unit volume at a designated standard
temperature, Density should not be confused with specific gravity, which is a mass-
to-mass relation.

The density value has some use in industries that utilize brines and whose basic
unit of concentration of dissolved material is density. Density is used primarily by
the chemist in the computation of milligrams per liter for highly mineralized waters.

Dissolved oxygen (DO)

Oxygen dissolved in water is derived from the air and from the oxygen given off
in the process of photosynthesis by aquatic plants.

Dissolved oxygen in water has no adverse physiological effect and actually increases
the palatability of the water. No minimum concentration of dissolved oxygen required
to support fish life has been listed because the oxygen requirements of fish vary with
the species and age, with temperature, and with concentration of other substances in
the water.

Dissolved oxygen is responsible for many of the corrosion problems in industry.
Chemical oxygen demand (COD)

Chemical oxygen demand is a measure of the chemically oxidizable material in
the water, and furnishes an approximation of the amount of organic and reducing
material present, The determined value may correlate with natural-water color or
with carbonaceous organic pollution from sewage or industrial wastes.
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Biochemical oxygen demand (BOD)

Biochemical oxygen demand is a measure of the oxygen required to oxidize the
organic material usable as a source of food by aerobic organisms.

Biological and microbiological information

Biological and microbiological information is an important aspect in the evaluation
of water quality. The kinds and amount of aquatic biota in a stream or lake can be
useful "indicators" of environmental conditions and particularly of the degree of
pollution of water with organic wastes (Doudoroff and Warren, 1957). Biological
information includes qualitative and quantitative analyses of plankton, bottom organisms,
and particulate inorganic and amorphous matter present. Microbiological information
includes quantitative identification of certain bacteriological indicator organisms.

Chlorophyll (plant pigment).--The concentrations of photosynthetic pigments in
natural waters vary with time and changing aquatic conditions. Concentrations of
chlorophyll a, b, and ¢ (spectrophotometric determination) are used to estimate the
biomass and photosynthetic capacity of phytoplankton (blue-greenalgae). Ratios between
the different forms of chlorophyll are thought to indicate the taxonomic composition
or the physiological state of the algae community (Slack, 1970).

Plankton.--Plankton is the floating (or weakly swimming) animal or plant life in
a body of water consisting, chiefly of minute plants (as diatomes and blue-green algae)
and of minute animals (as protozoan, entomostracans and various larvae). Algae are
known to cause tastes and odor in water supply.

Plankton population in water is obtained by count level (the number of organisms
per milliliter).

Coliform bacteria.--Coliform organisms have long been used as indicators of
sewage pollution, although the group includes bacteria from diverse natural sources
and habitats. For example, members of the coliform group are indigenous to soil
and vegetation as well as feces. Standards for drinking-water quality provide definite
minimums as to number of samples examined and the maximum number of coliform
organisms allowable per 100 milliliters (ml) of finished water (Slack, 1970). The
coliform population of water is determined either by the most probable number (MPN),
or by the incubation membrane filter method, a direct count of coliform colonies per
plate.

Fecal coliform bacteria.--Fecal coliform is that portion of the coliform group
that is present in the intestinal tract of warm-blooded animals and is capable of
producing gas from lactos in suitable culture medium at 44.5°C. Organisms from
other sources ¢enerally cannot produce gas in this manner, (American Public Health
Assoc. and oti s, 1965). Thus, in general, the presence of fecal coliform organisms
indicates recent pollution (Slack, 1970).

Organics

Phenols. --Phenolic material in water resources is invariably the result of pollution.
Phenols are widely used as disinfectants and inthe synthesis of many organic compounds.
Waste products from oil refineries, coke areas, and chemical plants may contain high
concentrations. Fortunately, phenols decompose in the presence of oxygen and micro-
organisms, and their persistence downstream from point of entry is relatively short
lived, The rate of decomposition is dependent on the environment,

Very low concentrations impart such a disagreeable taste to water that it is highly
improbable that harmful amounts could be consumed unknowingly. Reported thresholds
of detection of taste and odor range from 0.001 to 0.01 mg/l.

Cyanide (CN).--Cyanides are not found free in nature, but may become contaminants
of water supplies by means of effluents from gasworks, coke ovens, steel mills, electro-
plating processes, and chemical industries, In natural streams and organic soils,
simple cyanides are decomposed by bacterial action, whereas the metal-cyanide
complexes are often quite stable and more resistant to degradation. The U.S. Public
Health Service (1962) set a recommended limit of 0.0l mg cyanide per liter and a
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mandatory limit of 0.2 mg/1 for waters subject to interstate regulations. ISD-W (1971)
sets the upper limit for drinking water as 0.05 mg/1.

Detergents (methylene blue active substance, MBAS). --Anionic surfactants in
detergents resist chemical oxidation and biological breakdown. Soap is an example
of this class and the synthetic members are sodium salts of organic sulfonates or
sulfates (Rose, 1966). Their persistence in water over long periods of time contributes
to pollution of both ground water and surface water. Some of the effects produced from
detergent pollution are unpleasant taste, odor, and foaming (Wayman, and others, 1962).
Although the physiological implications of MBAS to human beings is unknown, prolonged
ingestion of this material by rats is believed to be nontoxic (Paynter, 1960). The U.S.
Public Health Service (1962) recommends that MBAS should not exceed 0.5 mg/lin
drinking and culinary waters. ISD-W (1971) sets0.2 mg/l as the highest desirable level
and 1.0 mg/1 as the maximum permissible level.

Total organic carbon (TOC).--Total organic carbon is a measure of the organically
related carbonaceous content of water. It includes all natural and manmade organic
compounds which are combustable at a temperature of 950°C,

Sediment

Fluvial sediment generally is regarded as that material which is transported by,
suspended in, or deposited by water. Suspended sediment is that part which remains
in suspension in water owing to the upward components of turbulent currents or by
colloidal suspension, Much fluvial sediment results from the natural process of erosion,
which in turn is part of the geologic cycle of rock transformation. This natural process
may be accelerated by agricultural practices. Sediment also is contributed by a
number of industrial and construction activities. In certain sections, waste materials
from mining, logging, oil-field, and other industrial operations introduce large quantities
of suspended material.

The quantity of sediment, transported or available for transportation, is affected
by climatic conditions, form or nature of precipitation, character of the solid mantle,
plant cover, topography, andlanduse., Themode and rate of sediment erosion, transport,
and deposition is determined largely by the size distribution of the particles or more
precisely by the fall velocities of the particles in water, Sediment particles in the
sand size range (larger than 0.062 mm) do not appear to be affected by flocculation
or dispersion resulting from the mineral constituents in solution. In contrast, 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 flocculationpresent, time in transport, and character-
istics of the transporting flow. The flow' characteristics include velocity of water,
turbulence, and the depth, width, and roughness of the channel. As a result of these
variable characteristics, the size of particles transported, aswell as the total sediment
load, is in constant adjustment with the characteristics and physical features of the
stream and drainage area.

STREAMFLOW

Most of the records of stream discharge, used in conjunction with the chemical
analyses and in the computation of sediment loads in this volume, are published in
the Geological Survey water-supply paper series, "Surface Water Supply of the United
States, 1966-70." The discharge reported for a composite sample is usually the average
of daily mean discharges for the composite period. The discharges reported in the
tables of single analyses are either daily meandischarges or discharges obtained at the
time samples were collected and computed from a stage-discharge relation or from a
discharge measurement.
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Reports giving records of chemical quality and temperatures of surface waters
and suspended-sediment loads of streams in the area covered by this volume for the
water years 1941-69, are listed below:

Numbers of water-supply papers containing records for Part 6, 1941-69
Year WSP Year WSP Year WSP Year WSP

1941 942 1949 1162 1957 1521 1965 1963
1942 950 1950 1187 1958 1572 1966 1993
1943 970 1951 1198 1959 1643 1967 2013
1944 1022 1952 1251 1960 1743 1968 2095
1945 1030 1953 1291 1961 1883 1969 2145
1946 1050 1954 1351 1962 1943
1947 1102 1955 1401 1963 1949
1948 1132 1956 1451 1964 1956

Geological Survey reports containing chemical quality, temperature, and sediment
data obtained before 1941 are listed below. Publications dealing largely with the
quality of ground-water supplies and only incidentally coveringthe chemical composition
of surface waters are not included. Publications that are out of print are preceded by
an asterisk,

*135.

*479.
770.

*108.

*161.
*193,
*236.

*237.
*239.
*273.

*274.
*339.

*363.
*418.

*596-B,
*596-D.
*596-E.
*636-A.
*636-B.
*638-D.

*839,

PROFESSIONAL PAPER

Composition of river and lake waters of the United States, 1924,

BULLETINS

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

WATER -SUPPLY PAPERS

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

Quality of water in the upper Ohio River basin and at Erie, Pa., 1906,

The quality of surface waters in Minnesota, 1907.

The quality of surface waters in the United States, Part 1, Analyses of waters
east of the one hundredth meridian, 1909.

The quality of the surface waters of California, 1910.

The quality of surface waters of lllinois, 1910.

Quality of the water supplies of Kansas, with a preliminary report on stream
pollution by mine waters in southeastern Kansas, 1911,

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,

Quality of the surface waters of Washington, 1914,

Quality of the surface waters of Oregon, 1914,

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

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

Quality of water of Pecos River in Texas, 1928.

Quality of the surface waters of New Jersey, 1928.

Quality of water of the Colorado River in 1926-28, 1930.

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

Quality of water of the Colorado River in 1928-30, 1932,

Quality of water of the Rio Grande basin above Fort Quitman, Tex., 1938.
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*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, D.C. 20402, who will, upon request, furnish lists giving prices.

COOPERATION

Most of the water-quality investigations in this report were made as part of the
program of the United States Department of the Interior for the development of the
Missouri River basin. Investigations under this program were at the request of other
Federal agencies with funds provided directly to the U.S, Geological Survey.

Many municipal, State, and Federal agencies assisted incollecting records for these
quality-of-water investigations, Many investigations were supported by funds appro-
priated directly to the U.S. Geological Survey. State, local, and Federal agencies that
cooperated in these quality-of-water investigations are as follows:

Colorado--Bureau of Reclamation, U.S. Department of the Interior.

Iowa--Iowa Geological Survey, Samuel Tuthill, director and State geologist;
Environmental Protection Agency.

Kansas-~Kansas State Department of Health, Division of Environmental Health,
M. W. Gray, chief engineer and director; Kansas Water Resources Board,
K. S. Krause, executive secretary; Kansas Geological Survey, W. W, Hambleton,
State geologist and director; Bureau of Reclamation, U.S. Department of the
Interior; Corps of Engineers, U.S. Army; Environmental Protection Agency.
Assistance in the collection of samples was furnished by Kansas State Board of
Agriculture, Division of Water Resources, R, V. Smhra, chief engineer.

Missouri--Missouri Geological Survey and Water Resources, Dr. W. C, Hayes,
State geologist and director; Missouri Water Pollution Board, J. K. Smith,
executive secretary; Corps of Engineers, U.S. Army; Environmental Protection
Agency.

Montana--Montana Fish and Game Commission, A. N. Whitney, chief of
Fisheries Division; Environmental Protection Agency,

Nebraska--Nebraska Department of Water Resources, D, S, Jones, director;
Conservation and Survey Division, University of Nebraska, V. H. Dreeszen,
director; Salt Valley Watershed District, H. L. Schroeder, general manager;
Bureau of Reclamation and Bureau of Sport Fisheries and Wildlife, U.S. Depart-
ment of the Interior; Soil Conservation Service, U.S. Department of Agriculture.

North Dakota~-North Dakota State Water Commission, M., W, Hoisveen, State
engineer and secretary; Bureau of Reclamation, U.S. Department of the Interior;
International Joint Commission, U.S. Department of the Interior.

South Dakota--East Dakota Conservancy Sub-District, V. W. Butler, manager-
engineer; South Dakota State Department of Health, G. J, Van Neuvelen, State
health officer; Environmental Protection Agency; Bureau of Reclamation, U.S.
Department of the Interior.

Wyoming--Wyoming Department of Agriculture, G. J. Hertzler, commissioner;
Wyoming Department of Economic Planning and Development, M. W. Goodson,
chief of water development; Wyoming State Engineer, F. A. Bishop; Bureau of
Reclamation and Bureau of Land Management, U.S. Department of the Interior;
Environmental Protection Agency.
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DIVISION OF WORK

The quality-of-water work was performed by the Water Resources Division of the
Geological Survey, J, S, Cragwall, Jr.,, chief hydrologist, and under the direction of the
district chiefs listed in the preface.

Correspondence regarding the records in this report or any additional information
should be directed to the district chief of the appropriate Geological Survey-Water
Resources Division district office as indicated below.

State District Office Address
Colorado Lakewood 80225 Building 25
Denver Federal Center
Iowa lowa City 52240 1041 Arthur Street
Kansas Lawrence 66044 1950 Avenue "A"

Campus West
University of Kansas

Missouri Rolla 65401 103 West Tenth Street
P. O. Box 340
Montana Helena 59601 421 Federal Bldg,
316 N. Park Avenue
P. 0. Box 1696
Nebraska Lincoln 68508 Room 127, Nebraska Hall
901 North 17th Street
North Dakota Bismarck 58501 Room 348,

New Federal Building
3rd St, and Rosser Ave,

P.0O.Box778
South Dakota Huron 57350 Room 231, FederalBldg,
P. O. Box 1412
Wyoming Cheyenne 82001 4015 Warren Avenue
P. 0. Box 2087
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124 WATER QUALITY STATIONS IN DOWNSTREAM ORDER
PART 6., MISSOURI RIVER BASIN
MISSOURI RIVER MAIN STEM
06016000 BEAVERHEAD RIVER AT BARRETTS, MNONT,

LOCATION,--Lat 45°07'43", long 112°44'25", in NWiNW} sec.20, T.8 S., R.9 W,, Beaverhead County, at private road
bridge 800 ft upstream from Barretts, 1 mile downstream from gaging station, 2.5 miles downstream from Grass-
hopper Creek, and 8 miles southwest of Dillon.

DRAINAGE AREA,--2,737 sq mi (at gaging station).

PERIOD OF RECORD.--Chemical analyses: November 1949 to September 1951, July 1965 to September 1969.
Water temperatures: July 1965 to September 1969,
Sediment records: May 1949 to September 1951.

EXTREMES.--1988-69:
Dissolved solids: Maximum, 388 mg/l Jan. 1-30; minimum, 278 mg/l Mar, 28 to Apr, 4,
Hardness: Maximum, 278 mg/l Mar. 1-27; minimum, 177 mg/1 Mar. 28 to Apr, 4.
Specific conductance: Naximum daily, 618 micromhos Oct. 1; minimum daily, 376 micromhos Apr. 1.

CHEMICAL ANALYSES, WATER YEAR OCTOBER 1968 TO SEPTEMBER 1969

DIS~ MAG—
MEAN SOLVED CAL- NE- TAS- BICAR- CAR- CHLO- FLUG~
DiS- SILECA IRON CIum SIuM SQDIUM SIUM BONATE BONATE SULFATE RIDE RIDE
CHARGE {5102} (FE} (CA} IMGH (NA) K1 (HCO3) {Co3) (S04} ({1 (F)
VATE {CFS) {MG/L) (UGAL} (MG/L) (NG/L) (MG/L) {MG/L} (MG/L} IMG/L) (MG/L} {MG/L) THG/7L)
oCT.
01-31 428 19 - 61 22 24 4.3 242 0 87 11 .5
NOV.
01-30 516 19 - 61 22 24 42 246 Q 84 11 3
DEC.
01-31 376 17 - 63 23 24 4ol 256 ] B7 183 b
JAN,
01-30 346 20 - 66 23 29 4ob 251 0 93 11 5
FEB.
02-28 397 19 - 70 24 25 4.0 261 o 95 i2 b
MAR.
0x-27 511 20 - 73 24 24 bob 274 ) 96 12 6
28-31 305 15 - 50 13 17 5.8 192 0 51 7.9 o
APR.
01-0Q4 905 15 - 50 13 17 5.8 192 o 57 7.9 b
05-16 1080 19 - 59 20 22 3.9 239 ] 76 10 .5
18-30 1180 18 - 52 18 20 3.9 220 [} 63 9.8 b
MAY
01-31 1220 18 - 51 18 23 4.7 218 o 60 9.2 4
JUNE
01-30 751 22 - 48 i7 23 4.1 217 ] 60 9.2 .2
JULY
01-20 529 19 - 58 19 22 49 235 ] 62 11 ok
21-31 881 19 - 54 20 22 4.8 247 o 60 11 o
AUG.
0i-31 735 19 - 58 21 24 4.8 250 [} 65 10 2
SEPT,
0l-30 481 21 - 59 23 24 5.3 253 [} 14 11
WTD. AVG. - 19 - 58 20 23 4.5 238 o 72 10 o
TiMm
WT0. AVG. A531 19 - 60 21 24 4.5 243 o 77 il %
TUNS
PR DAY - 33 - 98 3% 40 T.7 406 o 123 18 -7
ot ANALYSES OF ADDITIONAL SANP\,.ESn
Q3... 386 20 Q 65 22 23 4.3 246 L] 13 11 -5
SAN.
14aes 348 20 70 68 23 24 4.3 256 o 9l 11 o5
APR.
10¢.. 1200 19 130 o4 20 22 4.9 238 ) 76 8.8 5
JuLy
084se 580 18 100 45 le 22 4.2 204 ] 56 B.b .3

A MEAN DISCHARGE FOR 365 DAYS. MEAN DISCHARGE FOR 363 DAYS OF RECORD 632 CFS.
B DISLHARGE AT TIME OF SAMPLING.
C DAILY MEAN DISCHARGE.

SPECLFIC CONDUCTANCE (MICROMHOS AT 25°C), WATER YEAR OCTOBER 1968 TD SEPTEMBER 1969

OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH APRIL MAY JUNE JuLy AUGUST SEPTEMBER
618 542 574 592 - 604 376 487 443 4B5 504 528
552 534 567 598 589 604 393 4Be 453 487 502 534
548 553 - 596 596 604 396 - 460 491 503 -
551 - 588 594 591 602 463 418 464 495 505 547
542 558 563 583 591 609 485 488 472 496 507 536
548 560 561 576 596 604 510 - 466 497 505 528
566 - 564 571 596 609 510 480 460 487 504 531

b 557 572 596 585 604 552 479 466 453 507 536
566 561 519 592 584 605 565 476 452 450 503 -
555 559 571 59 592 604 - “69 454 417 509 543
S61 558 565 585 593 606 528 “69 432 485 511 561
561 555 562 - 596 612 528 455 446 492 512 544
567 561 563 587 589 6l4 538 451 444 495 510 552
548 580 576 584 596 604 544 450 438 501 514 551
554 569 582 582 596 603 568 458 458 493 515 552
538 561 575 584 591 604 570 451 457 495 515 556
545 566 575 595 596 604 - 449 460 496 - 545
Sh4 569 580 592 596 590 430 448 468 496 519 549
550 558 571 589 589 609 463 465 480 495 518 549

- 549 570 589 596 606 493 431 475 495 523 547
542 591 581 588 590 603 489 429 473 500 516 550
554 549 592 588 596 600 485 430 476 503 520 550
548 556 592 596 596 604 487 444 473 501 528 545
552 565 594 582 596 604 485 450 459 503 523 547
565 552 585 603 596 612 492 444 433 502 528 552

- 559 597 603 589 604 - &46 450 503 524 551
560 553 581 591 593 586 489 449 438 503 521 554
537 552 582 594 600 aT2 491 449 440 505 526 548
546 569 583 594 - 466 485 446 443 504 - 556
554 559 588 594 — 399 487 456 454 503 520 558
533 - 591 - - 393 - 443 e 503 542 -

AVERAGE 553 557 577 590 593 582 492 454 455 493 514 545




EXTREMES, 1968-69.--Continued

Water temperatures:
freezing point Dec. 31, Jan. 23,

Period of record:
Dissolved solids:

Hardness:

Specific conductance:

MISSOURI RIVER MAIN STEM

06016000 BEAVERHEAD RIVER AT BARRETTS, MONT,-~Continued

Maximum observed, 20,0°C on several days during July to September; mindmum observed,

Maximum, 466 mg/l Jan. 14-31, 1967; minimum, 274 mg/1 June 2-30, 1967.
Maximum, 316 mg/l Jan, 1-13, 1967; minimum, 170 mg/l June 2-30, 1967.
Maximum daily, 733 micromhos Jan. 24, 1967; minimum daily, 353 micromhos June 8, 1967.

Water temperatures:
Jan, 24, 1967, Dec. 31, 1968, Jan. 23, 1969.

REMARKS,-~Daily samples for chemical analysis composited by discharge.
comprehensive definition of water quality at this station,

Maximum, 21,0°C

June 28, 1966, Aug. 28, 31, Sept. 1, 5, 1967; minimum, freezing point

solids refer to flow past the gaging station,
sampling site,
records publishe” herein

AlU. AVG.
TIM

MONTH
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DECEMBZR.
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28 MISSOURI RIVER MAIN STEM

06018500 BEAVERHEAD RIVER NEAR TWIN BRIDGES, MONT,
(Formerly published as Beaverhead River at Blaine, Mont.)

LOCATION, —Lat 45°23'01", long 112°27'07", in SWiNW}SE} sec.22, T.5 S., R,7 W., Madison County, at gaging station
at bridge on State Highway 41, 11,5 miles upstream from Ruby River, 12.7 miles southwest of Twin Bridges, and
14,5 miles northeast of Dillon.

DRAINAGE AREA.--3,619 sq mi.

PERIOD OF RECORD,--Chemical analyses: November 1949 to September 1951, July 1982 to September 1969.
Water temperatures: July 1962 to September 1969.
Sediment records: July 1962 to September 1969.

EXTREMES, -~1968-69:
Dissolved solids: Maximum, 545 mg/1 Sept. 1-22; minimum, 359 mg/1 Mar, 28 to Apr. 5.
Hardness: Maximum, 338 mg/l Aug. 1-31; minimum, 229 mg/l1 Mar, 28 to Apr. 5.
Specific conductnnce' Haximum daily, soe micromhos Aug. 29, 31; minimum daily, 433 micromhos llny 23,
Water temperatures: Maximum observed, 22, 0°C on several days during July; minimum observed, 1. 0°C on several
days during December to February,
CHEMICAL ANALYSES, WATER YEAR OCTOBER 1968 TO SEPVTEMRER 1969

D1S- MAG~ PO-
MEAN SOLVED CAL- NE- TAS- BICAR~ CAR- CHLO- FLUG-
oIS~ SILICA IRON CLuM sium SODIUM sium BONATE  BONATE SULFATE  RIDE RIDE
CHARGE  (S102) (FE) (ca) (MG) (NA) (K) (HCO3)  (CO3) (504) (cL) (F)
(CFS) (MG/L)  (UG/L)  (MG/L)  (MG/L)  (MB/L)  (MG/L)  (MG/LT  (MG/L)  (MG/L)  (MG/L)  (MG/L)
359 24 0 78 29 33 6.5 291 [} 130 19 .5
451 22 - 73 27 29 4.2 272 o Li4 16 o5
525 22z - 69 Fad 29 5.8 268 4 1z 17 .6
708 22 - 11 26 28 5.3 278 0 103 14 o4
548 22 - 70 26 31 5.6 274 0 104 14 .5
499 23 - 70 25 26 S.1 276 o 103 12 .5
521 22 - 75 25 26 5.3 277 0 102 1 .6
632 22 - T4 26 26 5.9 2713 0 106 12 .5
1230 20 - 59 20 24 6.2 226 o 88 14 o
1230 20 59 20 24 6.2 226 0 88 14 .4
1260 22 68 25 217 7.9 276 [ 98 15 .5
1270 19 - 63 23 24 4.3 248 0 82 13 .5
1160 26 - 58 22 26 5.2 254 0 78 12 .5
“65 2z -- 63 23 24 5.4 237 0 89 14 o4
143 24 -~ 68 27 32 7.2 274 o 112 19 .5
348 29 - 80 31 40 8.9 313 [ 138 22 .4
215 25 - 73 30 37 7.9 284 o 127 19 .5
179 29 - 83 32 39 8.7 316 0 133 21 .6
321 26 - 79 33 38 8.9 308 0 140 21 6
470 26 - 73 30 32 7.7 297 0 115 19 .5
- 23 - 70 26 29 7.0 272 o 104 15 .5
A556 24 - 12 27 31 8.4 280 0 11 16 .5
PER DAY - 34 - 103 38 43 10 404 [ 154 22 o7
ANALYSES OF ADDITIONAL SaMPLES®
JAN.
lbaese 525 23 90 75 25 21 4.9 276 0 103 15 .5
APR.
1044. 1240 22 80 12 26 27 6.3 279 0 101 14 .6
JuLy
09, 445 23 80 65 27 32 6.5 263 0 109 16 .5
A MEAN DISCHARGE FOR 365 DAYS. . MEAN DISCHARGE FOR 358 DAYS OF RECORD 550 CFS.
B DISCHARGE AT TIME OF SAMPLING.
SPECIFIC CONDUCTANCE (MICROMHOS AT 25°C), WATER YEAR OCTOBER 1968 TO SEPTEMBER 1969
OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY  MARCH APRIL HAY JUNE JULY  AUGUST SEPTEMBER
—-— 645 631 - 624 643 516 552 651 702 738 757
696 695 653 640 - - 524 559 657 665 - 160
680 689 655 663 621 652 502 556 - 693 - 723
683 -— 639 663 611 647 566 558 684 - - 166
672 662 611 - 615 647 607 556 696 703 T44 762
657 - 639 666 646 647 _— 549 703 715 725 164
671 659 653 641 645 647 - - 711 735 763 142
668 662 631 645 621 645 638 548 753 656 769 753
- 659 631 653 - - 657 539 765 636 767 786
639 656 636 663 627 645 - 533 179 668 763 182
648 645 626 659 632 645 621 - 799 679 = 751
656 650 631 - 642 644 624 777 740 798
667 631 639 643 - 640 - 542 788 714 763 -
682 656 634 651 634 647 640 533 — 719 736 714
- 653 - 648 632 646 - 548 777 766 725 778
633 645 631 639 64l - 638 548 792 760 Tad —
655 645 653 64l 644 645 638 - 794 - 747 730
664 650 644 644 635 678 624 - 794 623 %7 -
650 653 634 645 636 650 602 550 792 735 732 757
653 439 629 617 635 650 - 556 - 703 755 761
686 634 639 639 641 646 565 554 784 741 765 -
655 634 642 647 -— b44 -— - 769 T4l 780 761
644 631 634 663 644 - 552 433 763 737 765 696
613 - 636 - 648 647 561 602 759 730 746 701
621 629 636 - 648 649 565 -~ . 15 750 761 690
644 659 631 - 648 645 565 - 747 748 730 -
671 645 629 643 637 615 -= 607 755 737 747 708
644 639 634 610 641 554 557 600 730 752 767 693
657 659 - — -~ 580 563 638 715 733 806 681
644 650 6lL6 636 - - 557 653 710 715 767 71
632 - (389 - - 543 - 654 - 735 806 -~

AVERAGE 656 650 634 — 635 636 - - 747 113 55 T4l




MISSOURI RIVER MAIN STEM

06018500 BEAVERHEAD RIVER NEAR TWIN BRIDGES, MONT,~~Contioued

EXTREMES, 1968-89.--Continued
Sediment concentrations:

Sediment loads:

Period of record:
Dissolved solids:

Maximum, 362 mg/l Sept. 1~30, 1966; minimum, 213 mg/l Mar, 19-20, 1963,

Maximum daily, 896 micromhos June 23, 1963; minimum daily, 433 micromhos May 23, 1969,

Hardness:

Specific conductance:
¥ater temperature:

Maximum daily, 340 mg/} Mar, 28; minimum daily, 12 mg/l Oct, 31,

Maximum daily, 1,130 tona Mar. 28; minimum deily, 11 tons May 30, Aug. 8.

Maximum, 579 mg/l May 19-31, 1963; minimum, 338 mg/l Mar, 19-20, 1963,

point on many days during winter periods most years.
Maximum daily, 670 mg/1 June 8, 1964; minimum daily, 5 mg/l Sept. 22, 23, 1984.

Sediment concentrations:

Sediment loads:

REMARKS.-~Daily samples for chemical analysis composited by discharge.
more comprehensive definition of water quality at this station,

unreliable and are not publisked,
CHEMICAL ANALYSES, WATER YEAR OCTOBER 1968 TO SEPTEMBER 1969

WTD. AVG.
TIME
WT0. AVG.
TONS

PER DAY

JAN.
la...

APR,
104ae

JuLy
0%

MONTH

OCTOBER. .
NDVEMBER.
DECEMBER .

JANUARY., .
FEBRUARY.
MARCHewa s

JUNEssaoo

JULYeooun
AUGUST ..«
SEPTEMBER

NITRATE

(NO3)
{MG/L)

.0
.1
.

.3
.3

<0

Maximum daily, 1,200 tons June 8, 1964; minimum daily, 1.6 tons July 28, 1968.

Daily temperature records published herein,

Ofs—- Ofs- NON- SO01UM SPECI-

SOLVED SOLVED CAR- AD~ FiIC

SOLIDS SOL DS HARD- BONATE SORP- COND-

(TONS {TONS NESS HARD- TION UCTANCE PH

PER PER {CA,MG) NESS RATIO (MICRO-

AC-FT} DAY) (MG/L}Y {(MG/L} MHOS) CUNITS)
66 468 314 75 .8 726 7.9
+61 546 294 T2 T 665 7.9
58 601 282 62 .8 642 8.0
57 795 283 55 T 642 B.O
-58 635 281 56 -8 648 8.0
«59 583 279 53 .7 650 8.0
«58 595 290 63 o7 644 T.8
«60 747 290 66 o7 641 8.0
49 1190 229 o4 .7 567 8.0
<49 1190 229 44 7 567 B.0
«60 1490 271 45 -7 628 8.0
.50 1250 251 «7 o7 561 B.0
«49 1140 234 25 o7 551 8.1
52 “85 248 54 .7 591 B.1
.58 166 281 56 .8 653 8.0
W71 490 328 71 1.0 761 T.8
63 343 304 T2 .9 698 7.9
.68 241 338 7% .9 750 7.9
«Th 472 332 79 9 752 8.0
.67 627 306 62 .8 699 7.9
.58 - 2719 56 - 636 8.0

- - 291 6l «8 661 8.0
i 633 - - - - -

ANALYSES OF ADDITIONAL SAMPLES

ois-
SOLVED
SOLIDS
(RES -
BORON DUE AT
(8) 180 C)
(UG/L)  (MG/L)
80 483
70 ©48
90 424
50 “l6
100 429
80 433
50 423
40 438
40 359
40 359
50 438
50 365
30 363
50 386
100 430
180 521
60 462
70 499
100 545
90 494
0 426
£ 445
P) —
70 425
«0 439
70 %19
TEMPERATURE (°C)
« 5 6 T 8 9
1212 10 10 9 —-
~~ T-- 6 6 7
32 2 2 2 3
4 5 4 2 1
2 2 3 3 3 -
5 5 4 3 3 -
10 11 == -~ 8 11
11 12 15 -~ 15 16
21 19 20 19 19 19
—- 18 14 17 19 19
-- 16 19 20 18 21
13 16 16 17 17 17

.58 602 289 63 -7 647 T.3
.60 1470 285 56 .7 6493 8.0
57 505 273 57 .8 631 7.8

OF WATER, WATER YEAR OCTOBER 1968 TGO SEPTEMBER 1969

DAy
10 11 12 13 14 15 16 L7 18 19 20 21 22 23 24 25 26 27 2B 29
11 111110 9-- 9 9 8 9 8 8 9 L1010 9 9 9
6 7T 5 4 3 3 3 4 3 4 5 5 5 -~ 3 3 3 3 2
4 4 2 2 3-- 4 2 2 2 1 1 1 1 3 3 2 2 1 =~
2 3--3 5 3 2 2 2 2 111 1-~-—-~ 111
4 5 44— 4 3 & 4 3 2 2 3-- 3 & 5 5 4 4 —
2 2 3 3 4 4-- 6 5 &6 6 & 6 - & 7 6 6 7

== 1111 B8 10--111110 9--131312 9 9 8 -—-13 8
12 18 10 17 =- 17 18 19 20 20 == 19 15 16 13 11 12 13 13 14
20 20 == 19 1% 20 20 -- 21 21 22 22 22 22 19 20 22 20 21 22

20 -- 16 18 19 21 18 18 19 18 20 21 21 20 21 19 19 19 18 IB
17 15 15 =~ 14 14 —— 13 == 13 13 —— 12 12 13 13 -— 13 13 13

30

—-wo

22
18
13

27

Maximum, 24,0°C July 13, 14, 30, 1966, July 12, 1967, July 27, 1968; minimum, freezing

Additional samples were collected for
The thermograph records were found to be

COLOR
(PLATI-

NUM—
COBALT
UNITS}

W NUw

AVER~
AGE



28 MISSOURI RIVER MAIN STEM
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SUSPENDED SEDIMENT, WATER YEAR OCTOBER 1968 TO SEPTEMBER 1969

UCTOBER NOVEMBER DECEMEER
MEAN MEAN MEAN

MEAN CONCEN= MEAN CONCEN- HEAN CONCEN-
DISCHARGE TRATION LOAD DISCHARGF  TRATION LOAD DISCHARGE TRATION LOAO
DAY (CFS) (MG/LY (TONS) (CFS) (MG/LY (TONS) (CFS) (MG/L} (TONS )
1 359 31 30 625 1e 30 610 37 61
2 385 28 29 637 26 45 587 37 59
3 398 25 27 638 28 48 590 33 53
4 396 18 19 715 28 54 596 35 56
5 412 22 24 746 28 56 618 33 55
5 401 23 25 745 28 56 598 34 55
7 431 23 27 735 27 54 580 43 67
¢ 510 24 33 122 25 49 589 34 54
9 498 24 32 747 29 58 581 ELY 60
10 412 22 28 754 26 53 594 36 s8
11 468 22 28 754 34 69 602 32 52
12 484 23 30 747 37 75 599 53 86
13 496 24 32 757 39 80 563 68 103
14 513 26 36 726 33 65 575 63 98
15 536 26 38 713 31 60 568 54 83
16 546 25 37 714 26 50 579 47 73
17 44T 26 31 697 22 41 562 59 90
15 424 20 23 693 33 62 562 37 56
to 422 20 23 713 33 64 559 40 60
20 431 26 30 735 2% 67 521 54 76
21 421 53 60 746 38 77 70 40 51
22 %20 42 48 761 s 12 470 39 49
23 413 25 28 760 33 68 495 58 78
24 463 28 35 750 31 63 523 68 96
25 623 28 47 758 27 55 522 46 62
26 629 18 31 689 3 43 520 48 67
27 624 22 37 629 28 43 S14 46 o4
28 636 22 38 628 32 54 504 47 64
29 635 21 36 601 36 58 446 43 52
30 636 18 31 597 ar &0 450 38 46
31 632 12 20 - - -- 455 65 €0
TOTAL 15166 -- 993 21232 -- 1734 17002 -- 2064

JANUARY FEBRUARY ¥ARCH

MEAN MEAN MEAN

MEAN CONCEN- MEAN CONCEN- HEAN CONCEN-
DISCHARGE [RATION LOAD DISCHARGE TRATION LOAD DISCHARGE  TRATJON LOAD
oAy (CES) (MG/LY (Tunsy (CFSY (mG/LY (TONS) (CFS) HG/LY (TANS )
1 505 82 112 517 52 73 516 %5 63
2 505 75 102 519 80 112 513 41 s7
3 492 62 82 520 119 167 513 46 64
4 496 56 75 523 242 342 513 48 66
5 509 56 77 553 220 328 517 44 61
6 528 58 83 532 158 227 525 46 65
7 541 54 79 w27 106 151 565 68 104
8 525 48 68 52 o7 95 580 68 106
9 498 68 91 526 53 89 569 70 108
10 513 54 75 524 60 85 580 78 127
it 511 41 57 522 62 87 592 86 137
12 508 33 45 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>