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PREFACE

This report was prepared by the U.S, Geological Survey in cooperation with the
States of Illinois, Indiana, lowa, Michigan, Minnesota, Missouri, New York, North Dakota,
Ohio, South Dakota, Vermont, Wisconsin, 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:

C. R. Collier....... . reeeenerianenns ...St. Paul, Minn.
T. R, Cummings.. ...Okemos, Mich.
JORND, §:T-241F: Y « D TP Albany, N.Y.
..Indianapolis, Ind.
....Madison, Wis,
. ...... Rolla, Mo.
CL B, KDNOX . tiuiiiiiiiiiieiiceiieiic i eicaen e rneenerereesiensereasncasaanns Boston, Mass.
Champaign, 111,
Columbus, Ohio

J. J. Molloy...

RO T S | Huron, S. Dak.
S, W, WHItAla. . ceeiiiie vt creeee et eereer e eneneernnens Iowa City, lowa
R, C. WIlHHAIMS . toitiiieiisiieeeieeeeveee e vievevi e vneaneennes Bismarck, N. Dak.

188



CONTENTS

Page
PrefaCe. et sieeeneeenasonnoeccnoosesconcssacasosncoaassnasosssonans III
List of Water-Quality stations, in downstream order, for which
records are published.........iiiitiiiieteennonenannnssonnonns VII
Introduction.,.eeccvocunnn e eceesessetasesssaccsoesesaasbessesb st
Collection and examination of data............ Cteaecncesriaserctonaas
Chemical QUALItY..oeeeeeeounwesssortsssncsscacosonsasesnnossesneans
T OMPEr At UL . o v coaonoesnsannasssssassassstvssscansasssnsssssnssnsas
Sediment. io.eeeiooeeoenaneecesonsserssceccssssesosansoasonosncssss
Expression of resultS....cui.ueeeecctsssoscccososoranssansonasonnasonsns
Composition of surface watersS....cceeerineeevrerivereeccsnasonnncnanons
Mineral constituents In solution,......coiteieneecncaneconrnsconss
S11dCa. . ouiienosnnsonscsaosnnsssossseccssssncnssonnnsacsonassoes

AlUMINUM, ottt ittt eoaessanoeanssonsossosneessosesssssnnasooaas

WWWWW®DU B B b=

IrOD, c seuuneoessorecsonanoaocsonoosssansiossssastsoscasosonncsancsssos
MaN g aANES e, o s voresossvsasoansssssosssssssssaosassaosanssnssssses 10
CalCium. o v ieiioenonononooeososasossssssasossoassssssssnssonnnas 10
MagneSiUm. . iuuevoeeenerossvessossssssssosonnssassssosesessnnssons 10
Sodium and PotasSSiUmM. . ..eveeeeeneerennesrosronssaasasaassnsannns 10
Bicarbonate, carbonate, and hydroxide...........icieinnennnnnnns 10
BULfide. . iveianenescsocosessssnsesnnnsnssscssaseconasessonnnsnes 11
BULEAtE. s ieriieriuorannssescossnosnnnssssosssssssacnsaoasonnnsns 11
Chloride......ccoeeenneceenoonnnonannnnnas Cheecsaiesease e oaaans 11
FlUOTide. . vuuvooeososuoesosaosesnnonnosseasassssassnasnnsssononsss 11
Bromide....uioeeennuioosssossesssssnsossssonsnsanenssosnssessncnns 11
Jodide. i ouuuuueuunneunneanecoesoesonseosansosanasonsannnnonnnass 11
Nitrogen, OrgaANiIC....oueveeuneeenessnnesosscrenscsasssssannsasaos 12
Nitrogen, ammonla......eeeeeeeeocensecsreneonsesarasssnsnansnonns 12
NIt It e, ivuinoeseeansnoacsassssnossnssososesessenssoscooonnonossns 12
Nitrate...coeerieeenennoneaonersoonnsnnnnncans tececesscasenasans 12
PhosSphorus........veevrorvenronrocronssssnncnns Ceetanesste e 12

BOTOM. vt censseacnesnsseossosssooosnsasssccssssasosanonssonsnans 12
DiSSOlved SOL1dS .. csuuesncennnesonossseasosasssosnssaassnnnonnss 12
ArSeniC.iucenioroaeeraasosessesoscnesonsensosnnssonsnnsssosnsnns 13
22 5 o U P 13
CadmiUm, st iiitiieine o essecresecsserenasonnossnanosanaanannns 13
(03 55 of o3 B U 13
CobALt. i eerseneoonronearessosssseasosasoncecnsussonssonnsssnns 13
COP DT . it vevvnevenssessncosesssnsnssesoessessossssnsacsonnssnnnss 14
Lead......ovvvveanns cececeseseeriaanoenn soeseeccaseevenanaos SN 14
LithiUum, ...ttt coeeononsnnseensoseesonenossanscsasnnsenssnnsansons 14
METCUL Y. ot vvevnoocnaseeassnesosasnnesesonsasssnsssossnsoonessnonnss 14
b S 15
Strontium..c.ovcoenrenecosocssonsonsnssacesacarscssssnsasnonnasns 15
258 < U 15

Properties and characteristics of water.....cccvveucocercovsscenne 15
Dissolved S013dS....cuvtiiereieeensncennsancooonssosonsscoassnans 15
HardneSS ., ccoueueeneetoseeecsnseoceouosnsascsasosassssssooesssnsas 15
Acdddtyeuun s ittt eetotsseasenesnnanassnananancsoosssonsnan 16
Sodium-adsorption ratioe..seeciescsiseeatssssescnonssecssscacnns 16
Specific conductanCe. ..o eioeenreressscacscscnssssassoanosnnson 16
Hydrogen-ion concentration,....veeivsecaseasnesncncesosscssonsans 17
TEeMPEeratUre.  ivvitinooassonsseronsssosasnasonnnnns cecoeronenannn 17
COLOT . s st saeaneeassosossaosoosssssssoasaneoasssacssnoonnsasonnns 17
TUrDIdity. et ieeniieeinoraocrseasonsnocssocsansnssosanesensnasanes 18
Density a8t 20°C. ... uueeeencasnnes sosnseonncacnnscoonsesnsonons 18
D1iSSOLVEd OXYEEIN. v e cooreesnssonosscssossssoasonsoonosasesssans 18
Chemical oxygen demand.....cecieeereveneerooensesnsonsosooosneos 18

v



VI CONTENTS

Composition of surface waters--~Continued

Properties and characteristics of water--Continued Page
Biochemical oxygen demand.....ccovesuessnsosesssssoscsnscossonosso 18
Biological and microbiological information.....osveeveoeesocaces 18
OrganiCS..uersseocoosoncssesoscssssseasecnssssnsscsosssoscoosoocsea 19
Sediment.ve.eseeenossseoeansoosasecanssasonsonesssssccssassaasssoa 19

StreamEloW. covosstonessnseeasanscnsoasaaocssssesnssosesoessancossansass 20
Publications.. ..o iceoereeeincesasenoesonssasosnasacesonssesssssncans 20
Cooperation...veicosesioesicanseranseasoscocoorossssassnssssceasonassna 21
Division Of WOTK..uoeueioauusoeasosorasnonsessossscosasansoncasanssns 23

Literature cited......uvitoouuonsonesssceossecsssososeonovansonnnsnas 23
Analyses of samples collected at Water-Quality partial-record

stations in St. Lawrence River basin.....coeveeeeessiscnnsnaas 258
Low-flow chemical quality investigations in Michigan................ 263
Dissolved mercury in New York StreamsS....osoeecessccosccssosassaseas 273
Pesticide analyses of streams in the St. Lawrence River basin in

Ohio. .. iiiiciortooeccsonuesacsoncassonsosassseacanssassasansns 274
Analyses of samples collected at miscellaneous sites in

St. Lawrence River basin........eioveevevassssacscnosnsncaacas 276
Analyses of samples collected at Water-Quality partial-record

stations in Hudson Bay and Upper Mississippi River basins..... 432
Analyses of samples collected at miscellaneous sites in Hudson Bay

and Upper Mississippi River basins.,........covvvvseocecconanas 447

IndeX. . iu et ueeneerieeenoeecoesoooroenonnneboseoososssoctonaseenonnens 479

ILLUSTRATION

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

In 1970, ... et errnteeeeaetecsesoasocenanosnsnsonsanss 2



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

[Letters after station name designate type of data: (c) chemical,

(t) water temperature, (s) sediment]
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QUALITY OF SURFACE WATERS OF THE
UNITED STATES, 1970

PARTS 4 AND 5

INTRODUCTION

The water-quality investigations of the United 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 part 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 beginning with 1968 in
10 volumes. The drainage basins covered by the 10 volumes are shown in figure 1.
The shaded area in figure 1 representsthe section of the country covered in this volume
for the water year 1970 (October 1, 1969 to September 30, 1970).

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." These reports are for limited distribution, and are designed 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, and stations on tributaries are listed between stations on the main
stream in the order in whichthose tributaries enter the main stream. Stations on tribu-
taries entering above all mainstream stations are listed before the first mainstream
stations. Stations on tributaries to tributaries are listed in a similar manner. In the
list of water-quality stations in the front of this volume, the rank of the tributaries
is indicated by 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 8-digit number,
such as 04001000, The first 2 digits, "04" 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 (04001000) 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,

S AL?SKA

This report

Part 1, WSP 2151  Part 6, WSP 2155 Parts 9-10, WSP 2158
Part 2, WSP 2152  Part 7, WSP 2156  Part 11, WSP 2159
Part 3, WSP 2153  Part 8, WSP 2157  Parts 12-16, WSP 2160

Figure 1.--Map of the United States showing basins covered by the 10
water-supply papers on quality of surface waters in 1970. 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.

Downstream order station numbers are not assigned to sites where only random
water-quality samples are taken. These sites are classified as water-quality mis-
cellaneous sites and as a means of location and identification a 15-digit number con-~
sisting of the latitude and longitude coordinates to the nearest second for each site plus
a 2-digit sequential number are assigned, For example, the station number for a water-
quality miscellaneous site with lat 42°28'47", long 071°41'04" would be 422847071410401.

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
discharge, 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, 1970, the Geological Survey main-
tained 170 stations on 107 streams for the study of chemical and physical character-
istics of surface water, Samples were collected daily and monthly at116 of these
locations for chemical-quality studies, Samples also were collected less frequently
at many other points. Water temperatures were measured continuously at 72 and
daily at 25 stations. All surface water samples collected and analyzed during the
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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,

For chemical-quality stations equipped with noncontinuous-digital monitors, the
records consist of daily maximum, minimum, and mean values for each constituent
measured and are based upon hourly punches beginning at 0100 hours and ending at
2400 hours for the day of record. More detailed records (hourly values) may be ob-
tained by writing the district office listed under Division of Work on page 23.

Quantities of suspended sediment are reported for 31 stations during the year
ending September 30, 1970. 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 19 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 similartothosein 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. In 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.

Pesticides are chemical compounds used to control the growth of undesirable plants
and animals. Major categories of pesticides includeinsecticides, miticides, fungicides,
herbicides, and rodenticides. Since the first application of DDT as an insecticide in the
early 1930's, there have been almost 60,000 pesticide formulations registered, each
containing at least one of the approximately 800 different basic pesticide compounds
(Goerlitz and Brown, 1972, p, 24). The United States annually produces about 1 billion
pounds of these compounds. Although efforts are being made to substitute many of the
chlorinated hydrocarbon pesticides with more specific, fast-acting, and easily degrad-
able compounds, chlorinated hydrocarbon pesticides are still commonly used in many
areas of the country.

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,

Radioisotopes are isotope forms of an element that exhibit radioactivity. Isotopes
are varieties of a chemical element that differ in atomic weight, but are very nearly
exactly alike in chemical properties., The difference arises because the atoms of the
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isotopic forms of an element differ in the number of neutrons in the nucleus. For ex-
ample: Ordinary chlorine is a mixture of isotopes having atomic weights 35 and 37,
with the natural mixture having atomic weight about 35.453. Many of the elements
similarly exist as mixtures of isotopes, and a great many new isotopes have been pro-
duced in the operation of nuclear devices such as the cyclotron (Rose, 1966). There
are 275 isotopes of the 81 stable elements in addition to over 800 radioactive isotopes.

Radioisotopes that are determined in this program are those of uranium in micro-
grams per litre, radium as radium-226 in picocuries per litre, gross beta radiation as
strontium/yttrium-90 in picocuries per litre, and gross alpha radiation as micrograms
of uranium equivalent per litre,

A picocurie (PC/L, pCi/l) is one millionth of the amount of radioactivity represented
by a microcurie, which is the quantity of radiation represented by one millionth of a
gram of radium-226, A picocurie of radium results in 2.22 disintegration per minute,

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 discharge, 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 usually move in continuous contact with the bed and are not represented
in the suspended sediment sample. Hence, the computed sediment discharges presented
in this report are usually lessthanthetotal sediment discharges, For most streams the
difference between the computed and total sediment discharges 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 mostofthe 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.
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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 either the concentration or water discharge
was 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 sediment discharges for each period. (See Expression of Results, p. 6.)

For periods when no samples werecollected, daily discharges of suspended sediment
were estimated on the basis of water discharge, sediment concentrations observed
immediately before and after the periods, and suspended-sediment discharges for other
periods of similar water discharge. The estimateswere further guided by precipitation
records and sediment discharge at other stations in the same or adjacent basins.

In many instances where there were no observations for several days, the suspended-
sediment discharges 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 discharges 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 coarse sand (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).
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EXPRESSION OF RESULTS

The quantities of solute concentrations analyzed in the laboratory are measured
in either milligrams per litre or micrograms per litre, Milligrams per litre (mg/l,
MG/L) is a unit which represents the weight of solute per unit volume of water. A
microgram per litre (ug/1, UG/L) is one thousandth of a milligram per litre,

Milliequivalents per litre are not reported but they can be converted easily from
milligrams per litre data, A milliequivalent per litre (me/l) is one thousandth of a
gram equivalent weight of a constituent. Chemical equivalence in milliequivalents
per litre can be obtained by (a) dividing the concentration in milligrams per litre
by the combining weight of that ion, or (b) by multiplying the concentration (in mg/l)
by the reciprocals of the combining weights. Table 1 on 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 litre as calcium carbonate
may be converted to milliequivalents per litre 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 litre,

Table 1.--Factors for conversion of chemical constituents in milligrams per litre
to milliequivalents per litre

Multi- Multi-

Ion ply by Ion ply by

Aluminum (AI#3)*. . .. .. .. 0.11119 lodide (I-1) . . . . ... . ... 0.00788
Ammonia as NH*# . ., ., .. .05544 Iron (Fe™)*. ... ....... .03372
Arsenic (As® )Y, .. ... ... .04004 Lead (Pb*2)* . . . . ... ... .00965
Berium (Ba®2) . . ....... 01456  Lithium (Li#t) . . ... .... 14411
Bicarbonate (HCO3-1). . . . . . .01639 Magnesium (Mg+) .. .. ... .08226
Bromide (Br-1) . . .. .. ... .01251  Manganese (Mn+2)*, ., ., .. .03640
Cadmium (Cd*2)*. . .. .. .. .0i779 Mercury (Hg+2)* . .. ... .. .00997
Calcium (Ca*2) . . . . .. ... .04990  Nickel (Ni+2)* . ..., .. .03406
Carbonate (COg=2) . . . . ... .03333  Nitrate (NOgY). . . ... ... . .01613
Chloride (C17%) . . . . ... .. .02821  Nitrite (NO;7). . . .. .. ... .02174
Chromium (Cr+6)* ., . . ... .11539  Phosphate (PO, . . .. .. .. .03159
Cobalt (Co+2)*., . . . ... ... .03394 Potassium (K+1) . .. ... .. .02557
Copper (Cu*2)* , . . . ... .. .03148 Sodium (Na+t), . . ... .. .. .04350
Cyenide (CN-1) . ., .. ... .. .03844  Strontium (Sr+2)* . . . . . . .. .02283
Flooride (F-t) . ... .. ... .05264 Sulfate (SO;%) . . . .. ..... .02082
Hydrogen (H*1) . . . .. .. .. .99209  Sulfide (S-2). . . ... .. ... .06238
Hydroxide (OH™}) . . . . .. .. .05880 Zinc (Zn*2)* . ., .. .. .. .. .03060

*Constituent reported in micrograms per litre; multiply by factor and divide results
by 1,000.
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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 centimetre 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 centimetre long and 1 square centimetre in cross section.

The discharge of the streams is reported in cubic feet per second (see Streamflow,
p. 20) 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 litre 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 discharges.

The concentration of sediment in milligrams per litre is computed as 1,000,000
times the ratio of the weight of sediment to the weight of water-sediment mixture. Daily
sediment discharges 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 millimetres). The size classification used in this report agrees with recom-
mendations made by the American Geophysical Union Subcommitteeon Sediment Termi-
nology. The classification is as follows:

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

Silt ............ .004 - 062 Sedimentation
Sand............ 062 - 20 Sedimentation or sieve
Gravel......... 2.0 - 64,0 Sieve

The particle-size distributions given in this reportare 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
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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 litre (mg/1) and water temperatures are given in degrees Celsius (°C).
In waters with a density of 1.000 g/ml (grams per milljlitre), milligrams per litre and
parts per million can be considered equal, In waters with a density greater than
1.000 g/ml, values in milligrams per litre should be divided by the density to convert
to parts per million. (See table 2 on page 9.) Temperature, in degrees Celsius may be
converted to degrees Fahrenheit by using table 3 on page 9.

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.

MINERAL CONSTITUENTS IN SOLUTION

Silica (SiOz)

Silica is dissolved from practically all rocks. Some natural surface waters contain
less than 5 milligrams per litre 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
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Table 2.--Factors for conversion of sediment concentration in milligrams per litre
to parts per million*
(All values calculated to three significant figures)

Range of
concen-
tration
in 1000
mg/1

0o - 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
°C °F
0.0 32
) 33
1.0 34
1.5 35
2.0 36
2.5 36
3.0 37
3.5 38
4.0 39
4.5 40
5.0 41
5.5 42
6.0 43
6.5 44
7.0 45
7.5 45
8.0 46
8.5 47
9.0 48
9.5 49

Di-
vide
by

1.00
1.01
1.02
1.03
1.04
1.05
1.06
1.07
1.08
1.09
1.10
1.11
1.12

Range of
concen-
tration Di-
in 1000 vide
mg/1 by
201-217 1.13
218-232 1.14
234-248 1.15
250- 264 1.16
266-280 1.17
282-297 1.18
299-313 1.19
315-329 1.20
331-345 1.21
347-361 1.22
363-378 1.23
380-393 1.24
395-409 1.25

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/m! and a specific gravity
of sediment of 2.65 g/cc.

Table 3.--Degrees Celsius ('C) to degrees Fahrenheit (°F)*
(Temperature reported to nearest 0,5°C)

C

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

*C =5/9 (°F - 32) or 'F = 9/5 (’C) + 32,

°F °c

50 20.0
51 20.5
52 21.0
53 21.5
54 22.0
54 22.5
55 23.0
56 23.5
57 24.0
58 24.5
59 25.0
60 25.5
61 26.0
62 26.5
63 27.0
63 27.5
64 28.0
65 28.5
66 29.0
67 29.5

°C

30.0
30.5
31.0
31.5
32.0
32.5
33.0
33.5
34.0
34.5
35.0
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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 on fabrics washed inthe water, The highest desirable level of concentrations
of iron in culinary and drinking-wateris0,1 mg/1 (100 pg/l) with a maximum permissible
level of 1.0 mg/l (1,000 pg/l). (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/1 (200 pg/1) 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
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 S0 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 (HCOB’COS’ 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 amounts does not adversely affect most users.

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

Sulfide occurs in water as a result of bacterial and chemical processes, 1t 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 (504)

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 sulfate
concentration in drinking and culinary water.

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

Chloride is 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 about 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
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 element intheearth'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. It resembles chloride in that it tends to be concentrated in sea water.

Todide (I)

lodide is considerably less abundant both in rocksand 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/1.
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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 (NH4, as N)

Ammonia nitrogen includes nitrogen in the forms of NH, and NH H. 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 2)

Nitrite is unstable in the presence of oxygen and is, therefore, either 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/1, butaslittle as 0.1 mg/1 has been proposed (California
State Water Quality Control Board, 1963).

Nitrate (NOS)

Nitrate in water is considered a final oxidation product of nitrogenous material
and may indicate contamination by sewage or other organic matter, such as agricultural
runoff, or industrial waste. The quantities of nitrate present in surface waters are
generally less than 5 mg/l (as NOS) 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 National Research Council (Maxcy, 1950) concluded
that drinking water containing nitrates in excess of 44 mg/l (as NO,) should be regarded
as unsafe for infant feeding. ISD-W (1971) sets 45 mg/l as the upper limit.

Phosphorus (P)

Phosphorus is an essential element in the growth of plants and animals, It 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, or fish. 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. It may also contain some



COMPOSITION OF SURFACE WATERS 13

organic matter and water of crystallization, Waters with less than 500 mg/1 of dissolved
solids are usually satisfactory for domestic and some industrial 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 pg/1) and it
would seem wiser to keep the level as low as possible (ISD-W, 1971). Concentrations
of 2-4 mg of arsenic per litre 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/lis not 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 makes it a frequent component of industrial wastes.

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 concentration proposed for water use is 0.01 mg/1
(10 pg/l) 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.
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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 burinwater 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 poisonlike lead and mercury; most copper ingested
is excreted by the body and very little is retained. The pathological effects of copper
are controversial, butitis generally believed very 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 (1,000 pg/1) in drinking and
culinary water. ISD-W, 1971 gives 0.05 mg/1 (50 pg/l) as the highest desirable level.

Lead (Pb)

lL.ead seldom occurs in mostnatural 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 reportedto 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/1 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 pg/l) in drinking and culinary water on carriers subject to Federal
quarantine regulations. ISD-W, 1971 gives 0.10 mg/1 (100 pg/l) as the upper limit.

Lithium (Li)

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/1, 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 p€esticides.

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 limit of dissolved mercury in water
for domestic use should not exceed 5 micrograms per litre (0.005 mg/1). ISD-W,
1971 recommends 0.001 mg/1 (1 pug/1) as the upper limit of concentration,
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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 (5,000 ug/l) of zinc content as the highest
desirable level for drinking water and 15 mg/l as the maximum permissible level.

PROPERTIES AND CHARACTERISTICS 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/l of 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, 1SD-W (1971) recommends 500 mg/! as the highest
desirable level and 1,500 mg/! as the maximum permissible level. Reported livestock
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 morethan1,000mg/l. The Geological Survey classifies the degree of salinity
of these more mineralized bodies of water as follows (Swenson and Baldwin, 1965):

Dissolved solids (mg/1) Degree of salinity
Less than 1,000 . . . ... .. Nonsaline,
1,000 t0 3,000 . . . .. .. .. Slightly saline.
3,000 to 10,000, . . . ... .. Moderately saline.
10,000 t0 35,000. . . . . . .. Very saline,

Hardness

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



16 QUALITY OF SURFACE WATERS, 1970

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
Morethan 180. . . .. . . ... Very hard

Durfor and Becker, 1964, p. 23-27.
Acidity (H' 1

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 thathydrolyze 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). It is a ratio expressing the relative activity of sodium ions
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 = ==
/ Ca +Mg
2

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

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 centimetre 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 centimertre at 25°C
p

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. 7). The more dissolved solids in water that can
transmit electricity the greater the specific conductance of the water, Commonly,
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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 (see p. 7). 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
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 0 and 500 or more based on
the above standard (see p. 7).
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Turbidity

Turbidity is the optical property of a suspensionwith 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/l 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 litre 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.

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

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 millilitres (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 generally cannot produce gas in this manner. (American Public Health
Assoc. and others, 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/1.

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 0.01 mg cyanide per litre and a
mandatory limit of 0.2 mg/l for waters subject to interstate regulations. 1SD-W (1971)
sets the upper limit for drinking water as 0.05 mg/l.

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/} in
drinking and culinary waters. 1SD-W (1971) sets0.2 mg/1 as the highest desirable level
and 1.0 mg/] 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 combustible 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,
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which in turn is part of the geologic cycle of rock transformation. This natural pro-
cess 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 operationsintroduce 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, and landuse. Themodeand 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 flocculation present, 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,

PUBLICATIONS

Reports giving records of chemical quality and temperatures of surface waters
and suspended-sediment discharges of streams in the area covered by this volume for
the water years 1941-70, are listed below:

Numbers of water-supply papers containing records for Parts 4-5, 1941-70
Year WSP Year WSP Year WSP Year WSP

1941 942 1949 1162 1957 1520 1965 1962

1521 1963

1942 950 1950 1186 1958 1571 1966 1992

1187 1572 1993

1943 970 1951 1197 1959 1642 1967 2012

1198 1643 2013

1944 1022 1952 1250 1960 1742 1968 2094
1251 1743

1945 1030 1953 1290 1961 1882 1969 2144
1291 1883

1946 1050 1954 1350 1962 1942 1970 2154
1351 1943
1947 1102 1955 1400 1963 1948
1401 1949
1948 1132 1956 1450 1964 1955

1451 1956
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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.

PROFESSIONAL PAPER

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

*479, The geochemical interpretation of water analyses, 1911.

770, The data of geochemistry, 1924,

WATER -SUPPLY PAPERS

*108, Quality of water in the Susquehanna River drainagebasin, with an introductory
chapter on physiographic features, 1904,
*161. Quality of water in the upper Ohio River basin and at Erie, Pa., 1906.

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

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

*237. The quality of the surface waters of California, 1910.

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

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

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

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

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

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

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

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

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

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

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

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

*839. Quality of water of the Rio Grande basin above Fort Quitman, Tex., 1938.
*889-E. Chemical character of surface water of Georgia, 1944,
*908. 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 Superintendentof Documents, Government Printing
Office, Washington, D.C. 20402, who will, upon request, furnish lists giving prices.

COOPERATION

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:
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Illinois--I1linois Department of Public Works and Buildings, W. E. Cellini,
director, through Division of Waterways, J. C. Guillou, chief waterway engineer;
Environmental Protection Agency, Atomic Energy Commission, Corps of Engi-
neers, U.S. Army; Peoria Water Company.

Indiana--Indiana Department of Natural Resources, J. R. Lloyd, director,
through Bureau of Water and Mineral Resources, W. J. Andrews, deputy director;
Indiana Board of Health, A, C. Offutt, commissioner, and B. A. Pool, assistant
commissioner of Environmental Health; Indiana State Highway Commission,
R, W. Steele, chairman, R, H. Harrell, executive director, F, L. Ashbaucher,
chief engineer.

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

Michigan--Michigan State Department of Natural Resources, R. A. MacMullen,
director, G. A, Walker, deputy director--administration; Water Resources Com-
mission, L. F. Oeming, executive secretary, succeeded by R, W, Purdy; Michigan
Geological Survey Division, G. E. Eddy, chief, Michigan Department of State
Highways, H. E. Stafseth, director; Corpsof Engineers,U,S. Army; Environmental
Protection Agency, Records were furnished by Branch County Board of Super-
visors, Cleveland-Cleffs lron Company, Kalamazoo County Board of Supervisors,
and Van Buren County Board of Supervisors.

Minnesota--Minnesota Department of Natural Resources, Division of Waters,
Soils, and Minerals. Corps of Engineers, U.S, Army; Environmental Protection
Agency,

Missouri--Missouri Geological Survey and Water Resources Division, 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.

New York--New York State Department of Environmental Conservation, H. L.,
Diamond, commissioner; Environmental Quality, D. E. Metzler, deputy commis-
sioner; *New York State Department of Health, H. S. Ingraham, commissioner;
*New York State Department of Conservation, R. S, Kilborne, commissioner;
Division of Water Resources, F. W, Montanari, assistant commissioner; Environ-
mental Protection Agency. Water temperatures were furnished by the munici-
pality of Watertown, Niagara Mohawk Power Corporation; Rochester Gas and
Electric Corporation, New York State Department of Transportation, Power
Authority of the State of New York and Mr. D, F. Manning.

North Dakota--North Dakota State Water Commission, M. W, Hoisveen chief
engineer; Environmental Protection Agency; International Joint Commission,
U.S. Department of State,

Ohio--Ohio Department of Natural Resources, F, E, Morr, director, and C. V.
Youngquist, chief, Division of Water; Ohio Department of Health, E. W, Arnold,
director, and G. H. Eagle, chief engineer; Three Rivers Watershed District,
C. H. Watkins, secretary-treasurer; Environmental Protection Agency.

South Dakota--East Dakota Conservancy Sub-District, J. L. Siegel, Manager-
engineer; Environmental Protection Agency.

Vermont--Vermont Department of Water Resources, R, W. Thieme, commis-
sioner, succeeded by M. L. Johnson.

*Certain functions and the associated cooperative programs of these two agencies
were combined into the Department of Environment Conservation, July 1, 1970.
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Wisconsin--Wisconsin Department of Natural Resources, L, P, Voigt, secretary;
Wisconsin Department of Transportation, G, H, Bakke, secretary, and W, A.
Kline, chief bridge engineer; University of Wisconsin-Extension-Geological and
Natural History Survey, G, F. Hanson, State geologist and director; Southeastern
Wisconsin Regional Planning Commission, K. W, Bauer, executive director; Fish
and Wildlife Service, U.S. Department of the Interior.

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
Ilinois Champaign 61820 605 N, Neil Street
P. O. Box 1026
Indiana Indianapolis 46202 1819 N. Meridian St.
Iowa Iowa City 52240 1041 Arthur Street
Michigan Okemos 48864 2400 Science Parkway
Red Cedar Research
Park
Minnesota St. Paul 35101 1002 New Post Office
Bldg.
Missouri Rolla 65401 103 W. Tenth Street
P. O. Box 340
New York Albany 12201 U.S. Post Office and
Court House
P. O. Box 948
North Dakota Bismarck 58501 Room 332

New Federal Bldg.
3rd St. and Rosser Ave,

P. O. Box 778
Ohio Columbus 43212 975 West Third Avenue
South Dakota Huron 57350 Room 231, Federal Bldg.
P, O. Box 1412
Vermont Boston, Mass. 02114 150 Causeway Street
Wisconsin Madison 53706 Room 234

1815 University Ave,
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WATER-QUALITY STATIONS IN DOWNSTREAM ORDER

PART 4. ST. LAWRENCE RIVER BASIN

STREAMS TRIBUTARY TO LAKE SUPERIOR

04001000 WASHINGTON CREEK AT WINDIGO, KICH.
(Hydrologic bench-mark, pesticide and radiochemical station)

LOCATION.--Lat 47°55'23", long 89°08'42", in NW} sec.28, T.64 N., R.38 W., Keweenaw County, Isle Royale National
Park, at gaging station on left bank 0.8 mile northeast of Windigo and 35 miles southwest of Rock Harbor.

DRAINAGE AREA,~-13.2 sq mi,

PERIOD OF RECORD,~-Chemical analyses:

Water temperatures: October 1964 to September 1970,
Sediment records: August 1966 to September 1970 (periodic).

CHEMICAL ANALYSES,
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TIME CHARGE (s102)
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WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970
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EXTREMES, --1969-70:
Water temperatures:
March,

Period of record:
Water temperatures:
periods,

REIMRKS,W--Intermittent ice cover during winter period.

STREAMS TRIBUTARY TO LAKE SUPERIOR

04001000 WASHINGTON CREEK AT WINDIGO, MICH.--Continued

Maximum, 22,0°C July 26, 30, 31; minimum, freezing point on many days during December to

Recorder stopped Dec, 23 to Feb. 2, range in temperature

27

Maximum, 22,0°C July 26, 30, 31, 1970; minimum, freezing point on many days during winter

0.0°C; Apr. 22 to May 11, range in temperature 0.5°C to 2.5°C; May 15-30, range in temperature 4.5°C to 11,0°C,
CHEMICAL ANALYSES, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970
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Day

P W=

OCTURER

MAK MAN

10.0 9GS
1.5 .5
1065 Se0
110 10.0
1245 11e1
12 11e0
Je5

Se0

8.5

Be0

Heo Ba0

Ball Te0

Tatt 55

545 5.0

Se0 Se0

) 540

540 445

445 4.5

445 4.0

o 3.5

345 2.5

2.5 1.5

1.2 1.5

240 1.5

245 240

249 240

2.0 2.0

2.0 2.0

2.0 1.5

1. 1.5

2e0 1.5

12.5 1.5

APRIL

MAK MIN

0.4 0.5

le0 Men

0.3 045

ne3 0.5

Uss Q.5

Oe> 0.5

N5 0.5

0e5 D45

len 0.5

1.0 1.0

1.0 1.0

lent le0

e 1.0

1.0 1.0

leu 1.0

1.0 0.5

e 0.5

D> 0s5

04 05

CR-] 0.5

(-3 a5

STREANS TRIBUTARY TO LAKE SUPERIOR

04001000 WASHINGTON CREEK AT WINDIGO, MICH.--Continued

(°C) OF WATER, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

TEMPERATURE
NOVEMARER
MaX MIN
245 240
2e5 245
2.5 2.5
2.5 2.5
2.5 240
2.0 240
245 2.0
2.5 2.0
245 2.5
245 1.5
245 240
245 2.5
245 lav
1.0 1.0
10 1.0
1.0 [
0.5 Qs>
0.5 0.5
N5 0e5
0.5 045
0«5 0.5
fe5 0.5
Ne5 0.5
0.5 0eS
feS 0.5
0eS 05
Neo 0.5
0e5 0.5
GeS 0.5
0.5 0e5
et 045
mMay
MAX MIN
440 4ot
445 Ge0
5.0 4.5
11l.0 11.0

DECEMBER
muk MIN
L NeS
e 0.5
n.3 0.5
6.5 0.5
0.5 045
0.5 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
a.0 Q.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

JUNE

max MIN
11.0 1l.0
11.% 1lau
12.0 11.5
13.0 11,5
13.5 1240
13.0 12.5
13.5 13.0
lé.u 12,5
15,5 14,0
15,5 la.0
la.5 l4.5
14.5 13.5
13.5 13.0
14,9 13.u
14.5 13.5
15.0

17.5

17.0

1449

15.0

15.0

16.5

17.% 14,5
17.5 16.0
17.0 15.0
15.5 4.5
16.9 13.0
1640 14,0
185 15.5
19.0 1745
1%a.0 11l.u

JANUARY

19.0
19,5
18,5
17.5
17.5

le.0
18.5
18,5
12,5
19.0

2040
2n.5
2l.0
21.0
20.0

19.5
20.0
19,5
16.5
17.0

17.5
19.0
et
Poe0
21.0

2240
21,5
22.0
2145
2240
2240

22,0

JuLy

MIN

wIN

17.5
17.5
170
1€.0
15.5

1645
17.5
17.0
16.0
1740

18.5
1940
18.5
2040
18.5

17.5
18.0
1845
1545
15.5

1640
16.5

19.0

FEBRUARY
“ax MIN
0.0 0.0
0.0 Q.0
0.0 0.0
0.0 0.0
0.0 0.0
Q.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0,0 0.0
0.0 0.0
0.0 2.0

0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.5 0.0
0.5 0.0
0.0 0.0
Q.0 Q.0
0.0 0.0
0.0 0.0
(- 0.0

5 0.0

5 0.0

5 0.0
n.s 0.0

AUGUST

MAX MIN
2n.5

Z20e5

2N 0

18,0

18.0

19.5 17.0
19.0

205

2040

2M4b 13.3
2Na5 1H.5
1945 1%.5
19.5 .o
2045 19.0
20.5 20.0
20,5 19.0
19.0 1.0
19.0 1745
20.0 19.0
2040 17.5
18.0 15.5
16.5 16.0
16,5 1641
17,0 15.5
16.5 155
16.0 laes
1640 15.%
1h,.5 15,0
16.0 4.0
1045 15.5
16,0 13,5

23,5 13.5

“aPCH

MAK N
0.0 0.0
Do 0.0
0.0 0.0
0.0 0.0
(iR 0.0
0.0 0.0
(%) 0.0
Vo> fe5
0.5 0.5
0 0.5

0.5 0.
0.5 0.0
() 0.0
0.5 a5

1.0 Ne
By NS
1.0 0.5
1.0 as5
[ 0.8
0.5 0e5
04> 0.5
Gad a5
045 0.5
045 n.s
045 e
e 0.5
n.5 0,5
0.5 045
1.0 Do
045 0.5
0eb 045
1.0 Q.0

SEPTFMBER
Max MIN
14.0 12+0
14,0 13.5
15.0 14,0
16,0 13.0
16,0 1440
15.5 14,5
17.5 15,5
1745 16,5
16.5 15.5
16.0 1440
13.5 12.0
12.5 12.5
12.% 1len
1l.0 10.90
1040 95
9.5 2.5
10.0 9.5
1042 10.0
11.0 10.0
13.0 11.0
13.0 12.5
12.5 172.5
12.5 1l.0
11.0 1n.>
10,5 10.5
10,5 1045
10.5 10.0
Get Heo
Setd He5
Sau 9.0
17.5 8BS



STREAMS TRIBUTARY TO LAKE SUPERIOR

04015380 LAKE SUPERIOR AT DULUTH, MINN.

29

LOCATION, --Lat 46°51'33", long 91°57'20", in NE} sec.35, T.51 N., R.13 W., St, Louis County, at intake of City of
Duluth Lakewood Pumping Plant, 3.8 miles northeast of the Lester River and 10 miles northeast of Duluth post

office.
PERIGD OF RECORD,

REMARKS, --Some analyses furnished by City of Duluth, Water, Gas, and Sewage Treatment Department and

-Chemical analyses:

August 1968 to September 1970,

Office, Environmental Protection Agency,

CHEMICAL ANALYSES,

AUGUST TD SEPTEMBER 1969

nis-
sot-
ALKA- ORGANIC AMMONTA TOTAL VED-
LINITY CHLU= NITRO- NITRO- PHOS- PHOS—
AS SULFATE  PIGE [N NITRITE NITRITE GEN NITRATE  NITRATE  PHORUS  PHORUS
Ccacn3 (S06) {cL» INY (NY Nd2) (&1 (N {NDO3) ) ) {
DATE {MG/L) {MG7L)Y (MG/LY (MG/L) MG/ MG/ (MG/7L) (vs/0) {MG/LY (MG/L) tMG/L)
46 2.0 1.5 - - - - - -
43 3.6 1.5 - .- - - -
43 3.7 IS = - - - - -—
43 2,2 1.5 -— - - - - - - -
43 4e3 1.5 ~= it - - - - -- -
== - - .10 «ND ) N0 40 1.8 .36 +01
- - «00 .03 +05 «30 1.2 .32 .06
METHY-
SPFCE~ 310 LENE TCTAL CARRON
FIC coLor CHEV= BLUE CARBON  ALCOHOL
COND~ {PLATI- TUR- DISS- 1CAL ACTIVF 1354 EX-
UCTANCE PH TEMP- NUM= ALD- ULVED NXYGEN S8~ SAMPLE  TRACT TRACT
{MICRO~ ERATURF COBALT Iy OXYGFN DEMAND STANCE S1zZF ABLES ASLES
DAT* MHDS) {UNITS)  (DEG C) UNITS? (41U (MG/L) (MG/L) MG /L) (GALS) s/ G/
- 7.7 5 0 la1 12.4 .1 - --=
== - - - - - -- 1170 131
- 1.9 3 0 2.0 12.7 6 - -
- 7.8 S Q Z2.0 124 .5 - -
- 7.9 5 a 2.0 12.6 .5 - - - --
- - -- -- - -- - -- 1103 231 233
- 7.9 7 o 11.38 o5 - - - -
- - 13 - -— - -—
427 3,8 13 -- -- - -- -- -- --
A INCLUDES 19 UG/L CARBON CHLOROFORM EXTRACTABLES.
B INCLUDES 28 UG/L CARBON CHLORDFORM EXTRACTABLES.
ALKA- COLDR
LINITY CHLE= HARC~ {PLAT~ TUR=
AS SULFATE RIDE NESS PH TEMP~ TNUM= 8ID~-
Caco3 (S04} Ly {CAsMG) ERATURE COBALT 7Y
(MG/L) rG/L) (MG/LY {MG/LY  (UNITS) (DEG C) UNITS? JTuy
43 2.8 1.5 44 Te8 el [
43 2.2 1e5 &4 T8 10.0 5
43 3.0 2.C 44 7.9 Te2 n
43 3.0 1.2 44 Te9 600 ]
43 2.9 1.5 44 840 T8 o .0
- - - - - 13.0 - -
43 3.1 1€ 46 T.9 Te8 [ 1.0
43 3.1 1.5 44 Te9 be 1 a 1.0
43 1.5 1.5 44 7.9 Se6 - 1.0
43 3.0 1.3 &6 7.9 5e6 0 .9
43 2.2 1.5 &4 Te9 Geb 0 3.5
43 2.8 1.3 44 TeB 400 a .0
- - - - - 4.0 - -
43 2.7 1o 44 7.9 40 Q <0
43 249 1.3 44 Te8 3.0 ] .0
43 34 1e2 &4 T.9 4.0 o «0
43 3.0 1.3 &4 Te9 3.0 o =0
43 362 le2 44 7.9 3.3 0
- - - - - 3.0 -
43 403 1e2 44 Te9 3e3 0
&3 2.9 13 44 Te8 o o0
43 344 1.3 44 Te 8 [} 0
43 249 1.3 &4 Te8B 0 .0
43 2.8 le3 44 8 Q .0
43 249 le3 44 78 lel [ 0
43 3e1 13 44 79 lel o o0
43 3.3 1e3 44 7.9 .6 o .0
- - - - - .0 _— -
43 3.0 1.3 44 T.8 6 [ .0

Water Quality

HARN=-
NESS
CA4MG)
(vG/LY

45
44
a4
44



CATE

NITRATE

(NO3)

MG/L}

1.5

NITRATE
(N}

(MG/L)

30

«3D

ol4
«30

»30
ol4

+35

+35

STREANS TRIBUTARY TO LAKE SUPERIOR

04015380 LAKE SUPERIOR AT DULUTH, MINN,..Continued

CHEMICAL ANALYSES, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

D1s-
SOL=-
VEO~
PHOS~
PHORUS
Py
(MG/L)
#05
<06

201
»00

«00
D1
«02
«02
«D0

«00

DIS-
SOLVED
OXYGEN
(MG/L)

TOTAL
PHOS~
PHCRUS

(P}
(MG/L)

«05
«D6

al6
»02

«01
16
«C6
03
«CO

+C0

810~
CHEM~

ICAL
DXYGEN
DEMAND
¥G/L)

.7
o
o
o

o3
o
.3
.3

a2
o4
.3
2
o2

o3
5
o3

3

.3
*3
ok
3

o4
o4
.5

o

WETHY-
LENE
BLUE

ACTIVE
Sug-

STANCE

(MG/L)

00
»00

«00
«00

»00
«C0
+D0
«00
a2
«00

caLl-
FORM

{MPN)

-t
LK

APBCNIA
N1TRO-
GEN
(N
(MG/L)
=03
«D2

«00
«06

#D4
«00
«00
01
»00

«01

SPECI-
FIC
COND-
UCTANCE
(MICRO-
MHOS }

GRGANIC

NITRC-
GEN
(L

{MG/L)

W21

42

21
okl

SAMPLE
SI1ZE
{GALS}

SO0IUM
INAY
(MG/L}

TOTAL
CARBON
EX-
TRACY
ABLES
ue/L)

(13
MG/L)

CARBON
CHLORO~
FORM
Ex-
TRACT
ABLES
tGsLy

D1S~
SOLVED
FLUC-

RIDE

F)
(MG/L)

CARBCN
ALCOHOL
EX=
TRACY
ABLES

{uG/L)

PERCENT
SODIUK

SODIuN
AD-
SORP-
TICN
RATIO



STREAMS TRIBUTARY TO LAKE SUPERIOR
04015380 LAKE SUPERIOR AT DULUTH, MINN.--Continued
CHEMICAL ANALYSES, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

ALKA- COLOR
LINITY CHLC-  HARC~ (PLAT~ TUR-
As SULFATE  RIGE NESS PH TEMP- INUM- 810~
caAco3 (5041 Ll €Car PG ERATURE  COBALT Iy
CMG/L)  (MG/LY  (MG/L)  (PG/L) (UNITS) (DEG C)  UNITS)  (JTu)
43 38 1.3 44 7.8 1.7 [ 9.0
43 4.0 1.3 44 8.0 1.7 o 2.0
43 2.9 1.3 44 7.9 1.3 0 1.0
43 3.8 1.3 44 1.9 2.2 B 2.0
43 31 1.2 44 7.9 2,2 0 240
43 3.2 1.2 44 7.9 3.3 0 1.C
43 3.8 1.3 “5 7.9 3,3 o o0
43 249 1.3 4k 840 3,9 B .c
43 3.3 1.3 a4 7.9 4.0 0 5.0
- - -- -- - 39,0 - -
43 29 1.3 44 8.0 4at 0 2.0
43 3.1 1.3 44 8.0 4.0 [ 1.0
43 406 1.3 45 7.9 7.0 o 1.0
43 3.2 [ “4 7.9 5.0 [ 3.0
- -~ - -- -- 10.0 - --
43 3.t 1.5 44 7.9 11.0 Q 1.0
43 401 1.3 44 8.0 1046 0 2.0
43 2.2 1.0 a4 7.9 T2 [ .0
44 203 js 45 7.8 1.8 [ 2.0
43 ENY 13 45 7.8 8.0 0 .0
44 243 1.¢C 45 7.8 740 0 2.0
44 2.9 (oL 45 gel 12.0 o 1.0
43 3.1 1.3 45 8.0 14,0 s 2.0
44 3.1 1.5 45 8,0 14,0 ] 1.0
43 3.2 o3 45 7.7 5.6 0 1.0
44 2.3 1.3 45 7.9 6al H 2.0
CARBON
BI0- SPECI- TOTAL  CHLORO-  CARBCN
CHEM- FIC CARBON  FORM  ALCOWOL
ors- ICAL  COLI~  COND- EX- £X- €x-
SOLVED ~ CXYGEN  FCRM  UCTANCE  SAMPLE  TRACT  TRACT  TRACT
OXYGEN  DEMAND (MICRO- SIZE  ABLES  ABLES ABLES
MG/L)  (MG/L)  (MPN) MHCS) (GALS)  (UG/L)  (UG/L)  (UG/L)
13.8 .3 ¢ 105 -- - - -
13,8 .3 2 58 - — -
13,2 .2 o 98 -- - -~ —-—
12,2 .3 0 110 -- - - -
- -~ -- -- 1065 268 37 231
127 .3 13 92 -- - - -
13.5 1.0 [ 98 -- - - -
13.5 o5 0 100 -- - -~ -
12.5 .2 L 8s - -- ~- -
~- - -- -- 1590 192 32 160
1245 .2 [ 95 - -- -- --
12.7 .2 2 95 - - -
12,9 .3 1 55 -- -
12,1 .8 2 55 -- -- -- -~
1244 .3 [} 1co -- -- -- -~
- -- - -- 1185 209 35 174
1049 .5 52 -- - -~
il . §3 -- -- - -
12.1 .5 50 -~ -- - -~
-- - -- 1080 177 28 149
11,7 .o 110 -~ -- - -
12.2 .5 5C -~ -- -- -~
11,7 o 110 - - - -
11.3 .7 90 -~ - - --
-- -~ -- -- 1035 232 33 19
10.5 .6 L 90 -~ - - --
10.2 1 18 90 -~ -- - -~
1241 .2 4 50 -~ - - -
12.1 .3 2 95 -- -- - -
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LOCATION.--Lat 46°30'26", long 90°13'47", in SE}SW} sec,31, T.48 N,, R.47 W,, Gogebic County, 0,2 mile above

STREAMS TRIBUTARY TO LAKE SUPERIOR

04028100 MONTREAL RIVER NEAR IRONWOOD, MICH,

Creek and 4,2 miles northwest of Ironwood, Nich,

DRAINAGE AREA,--B0.6 sq mi,

PERIOD OF RECORD,~-Chemical analyses:

RENARKS, --Samples collected monthly as part of the Envirommental Protection Agency national network,

charge records available,

CHEMICAL ANALYSES,

October 1969 to September 1970.

ALK A= QRGANEC
TOTAL LINITY CHLO- NITRU=
VIS~ IrgN wIUE GEN
TIme CHAFGE (FE) CACG3 L) (N)
UATE (CFS) (uGsL) (MG/L) (MG/L) (MG/L)
- Aa00 31 4ot 38
-- A650 49 12 .56
0
1400 -— ATon 29 13 .50
1345 - A60G oo 16 .07
1000 - As20 48 19 30
1000 - Ason 28 5.0 10
1430 - AlZo 52 B.6 261
0830 - Aloo - ely -
N30 - - - el5 -
1006 4.7 A300 93 24 1.2
A ESTIMATES BASED ON FIELD ANALYSES.
VIS~ TOTaL
SOLVFU MON= SPFCL=
soLins FILT- FIC
(ReST- RaHLE TOTAL hARD= COND=
NUE #T reESILUE HESE= NESS UCTANCF
150 C) DUE (CAMO) (MICRO~
v TE MG/L) (MG/L) (MO/L) MG/L) MHOS) {UN
93 45 138 St 114
Gene 135 27 162 71 168
JAngy 1970
S 131 21 152 80 196
FEde
19000 134 28 1%2 an 22}
116 40 156 ™ 189
88 16 1na 38 83
104 34 138 66 158
- - - ESS 196
- - - e120 253
21k 0 218 124 327
IMME =~
Blo=- DIATE
PER= CHEM= CcoLl-
CENT icaL FORM
SATUR=  UXYOEN (COLe
AT 10N VEAAND PEW
(Mo/L) 100 ML)
a3 3.6 3500
97 Gaty 9500
81 248 400
2y 3.2 1200
83 4.2 200
31 2e6 2706
105 1.0 100
97 1.0 500
1l 1./ 80N
Hleas 119 2e8 100

AMMONT &

METPO=-
GEN
(\Ny

(MG/L)

Ph

I75)

Tel
6.8
Tan
7.2
7.2
7.3

oln

TE
ERA
(NE:

PHENOLS

(UG/L)

WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

TOTAL
PHOS-
NITRATE  PHOROS
(N} )
(M6/0) (MG/1)
30 o1-
1.0 a7
90 59
1.1 94
«80 0%
.20 -5n
1.2 o35
1.7 61
2.5 1.2
4.6 1.8
TUR=-
MP= RID=
TURE Iy
6 C) 47U}
240 -
o 1
o0 1
o 1
o0 3
7.0 1
18.0 1
1840 2
2140 1
12.5 n

No dis-

(P)
(MG/L)

.13
«33
.54
#R3
.02

.10

Spring



LOCATION, --Lat 46°30'41",

long 90°04'28",

04031000 BLACK RIVER NEAR BESSEMER, MICH,

STREAMS TRIBUTARY TO LAKE SUPERIOR

33

in NE}SE} sec.32, T.48 N., R.46 W., Gogebic County, temperature recorder

at gaging station on right bank 450 ft downstream from bridge on county highway, 500 ft downstream from
Powder Mill Creek, and 2,5 miles north of Bessemer,

DRAINAGE AREA.--200 sq mi.

PERIOD OF RECORD,--Water temperatures:

EXTREMES, --1969-70:
Water temperatures:

Period of record:
Water temperatures:
on many days during winter periods,

October 1954 to September 1970,

Ninimum, freezing point on many days during November to April.

Naximum (1954-69), 31.0°C about July 2, 1968 (recorded range); minimum, freezing point

nElAnKS.--Complete ice cover during winter period.
No temperature record June 28 to July 14, July 26 to Sept. 30,

o
>
=<

—
CVUBNE NP wWR~

DAY

VONE NEWN -

TEMPERATURE (°C) OF WATER, WATER YEAR DCTDBER 1969 TD SEPTEMBER 1970

OCTOBER
MIN

10,0
10.5
10.5
11.5
13.0

12.5

BeS

APRIL

1345

NOVEMBER
MAX MIN
3.0 2.5
3.0 3.0
30 2,5
3.0 2,5
2.5 2.0
3.5 2.0
4.0 3.5
4.0 4.0
445 3.5
4.0 3.5
5.0 4.0
4.5 2.5
2.5 l.0
1.0 0.5
1.0 0.5
0.5 0.5
0.5 0.5
1.0 0.5
0.5 05
0.5 0.0
0.0
0.0
0.0
0.0
0.0

MIN

8.0

12.0
9.5

Recorder stopped Nov,

DECEMBER

MAX

cooco0e ococoa
ooo0000 O0O0OO

1445
16.0
1645
18.0
18.5

19.5
2045
2145
22.0
23.0

22.5
21.0
19,0
18.5
19.0

2l.0
23.0
21.5
18.0
18,5

19,5

JUNE

MIN

28 to Dec,

JANUARY
MAX MIN
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0,0 0.0
0.0 0.0
0.0 0.0
9.0 0.0
2.0 0.0
0.0 0.0
0.0 0.0
0,0 2.0
0.0 0.0
0.0 0.0
0.0 0,0
0.0 0.0
0.0 0.0
[ 0.0

JULY
MAX MIN

23,0
264.0

29.0

19.0

2040

17; range in temperature

FEBRUARY
MAX MIN
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 o

MARCH
MAX MIN
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
¢.0 0.0
0.0 0.0
0.0 0.0
0.0 6.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0,0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0,0
0.0 0.0
0,0 0.0
0.0 0.0
0.0 0.0
SEPTEMBER
MAX MIN
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04045580 ST, MARYS RIVER ABOVE SAULT STE. MARIE, MICH,

STREAMS TRIBUTARY TO LAKE HURON

LOCATION.--Lat 46°28'29", long 84°25°17", in MW} sec.10, T.47 N., R,1 W., Chippewa County, at

municipal raw-water intake at Big Point, 1 mile west of Sault Ste. Marie.

PERIOD OF RECORD, --Chemical analyses:

October 1969 to September 1970.

CHEMICAL ANALYSES, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

TIME

0800
0800

0730
0745
0720
0720

0800
0715
0735
0720
0720
0980
1615
0730
0730

0720

0725

0430

1345

0520
a730
0730
0740

SODTUM
(NA)
(MB/L)

PO~
TaS~
SIuM
(K)

{MG/L)

ALKA-
LINITY
AS
CACO3
(MG/L)

40
41

SULFATE
(S04)
(MG/L)

CHLO-
RIDE
(CL)
(MG/L)

ORGANIC

NITRO-
GEN
(N}

(MG/L}

AMMONIA

N1TRO-
GEN
(N)

(MG/L)

Sault Ste.

NITRATE
(N)
(MG/L)

Marie



STREAMS TRIBUTARY TO LAKE HURON

04045580 ST, MARYS RIVER ABOVE SAULT STE, MARIE--Continued
REMARKS. -~Station operated as part of the Environmental Agency (EPA) national network. Weekly chi
. emic al analyses
furnished by City of Sault Ste. Marie Water Department. Radiochemical and trace element {nalyses by theyEPA‘

Station operated by the former Federal Water Qualtiy Administration (now EPA) during the period N ber 1
to September 1969. No discharge records available. € period November 1959

CHEMICAL ANALYSES, WATER YEAR DCTOBER 19659 TO SEPTEMBER 1970

DIS- DIS~ TOTAL
SOL~ SOLVED NON= SPECI~
TOTAL VED- SOLIDS  FILT=- FIC
PHOS= PHOS= (RESI-  RABLE TOTAL HARD~ CONO~
PHORUS PHORUS OUE AT RESIDUE RESI- NESS UCTANCE PH TEMP=~

(13] P 180 C) OUE (CA9MG)  (MICRO- ERATURE
{MG/L) {MG/L) {MG/L) (MG/L) (MG/L) (MG/L) MHOS) (UNITS) (DEG C)

- - - - -- 54 96 7.6 1.1
-- - -- - - s2 98 7.5 9.5
«00 =00 72 16 88 52 - 7.5 9.3
- - - - - s2 94 7.5 9.5
-— - - - s2 95 7.5 6.9
- -- -- - - s2 96 7.5 5.7
00 +00 53 99 7.5 441
- -- s2 95 7.5 4.3
— - 52" 96 7.5 3.7
- - - - 52 96 7.5 2,2
- - - - - 52 95 7.8 2.3
.00 9% s2 96 7.5 2.3
- -- 52 96 7.5 1.5
ot 52 97 7.5 1.0
- - - b s3 98 7.5 1.1
.00 .00 52 66 118 51 97 7.5 1.0
- - - - -- S0 96 7.5 1.4
- -— - - 51 98 7.5 1.2
— - - - - S1 98 7.5 1.3
.01 .01 47 22 69 S1 98 7.5 1.4
- - - - - 52 98 7.5 1.5
- -- -- - 50 98 7.5 1.9
- - - - - 52 98 7.5 2.5
-- - - - - 52 98 7.5 2.9
.28 01 55 20 50 98 7.5 3.0
- - - - 50 97 7.5 1.5
- -- -- -- s1 93 7.5 3.2
- - - - - S0 92 7.5 440
.03 3 75 50 96 7.5 6.5
bad - - S0 96 7.5 5.2
- —— 50 96 7.5 7.0
- - - - - B 96 1.5 7.2
03 03 48 24 72 50 94 7.5 8.5
- - - - - 50 95 745 9.9
- -- -- 50 96 7.5 11.3
- - - - - 50 96 T 10.9
.00 .00 S4 6 60 S0 95 7.4 13.8
- - - - 51 96 Tet 14.5
- 50 96 7.4 17.0
- 50 94 Te6 1640
- - -- - - S0 94 7.5 18,6
.02 «00 bl - - 51 96 7.6 18.7
- -- . - 48 95 7.8 20.2
- - -- -- 51 $5 7.7 20.
- - - -- 50 9 7.7 19,8
- - -- - - S0 96 7.7 19,0
04 .01 72 8 80 S0 96 7.7 19.5
- - - - - So 96 7.8 17.3
- - - S0 96 7.8 18.2
- - - - - S0 95 Te6 16.0
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DATE
OCT. 06-DEC. 29
JAN. 05-JUN. 29

DATE

0CT. 06-DEC. 29

N

JAN. 05-JUN. 29

DATE
QCT. 06,

QCT. 06-DEC. 29
JAN. 05-JUN. 29

we/L)

8

<7
DIS~

SOLVED
CAD-
MIUM
(CD)

(UG/L}

<3

<20

DIS-
SOLVED

(ZN)
(ue/L)

2935
13

STREAMS TRIBUTARY TO LAKE HURON

04045580 ST, MARYS RIVER ABOVE SAULT STE. MARIE--Continued

CHEMICAL ANALYSES, WATER YEAR DCTDBER 1969 TD SEPTEMBER 1970

COLOR
(PLAT=~
INUM~
COBALT
UNITS)

°

2000 oceoo

onoo

cococo So00 c2D00 DOOQ

£

onoo

)

DIsS-
SOLVED
CHRO~—

MIUM

(CR)
(uG/L)

<2

<2
TOTAL
FILT-
RABLE

RESIDUE

(MG/L)

50

TUR=

8I10=-

Ity
ITH

DIS-
SOLVED
COBALT

(cal
{ue/L)

5

<3
TOTAL
NGN—
FILT-
RABLE

RESIDUE

(MG/L)

510

25

DELAYED
coLI-
CHEM=~ FORM
DIS- ICAL (CoL~
SOLVED OXYGEN ONIES PHENOLS
OXYGEN DEMAND PEK
(MG/L) (MG/L) 100 ML) uG/L)
11.0 3 14 -
11.3 4 12 -
11.8 4 14 &
Il.4 2 9 -
12.0 6 5 -
12.2 3 4 -
12.5 3 6 0
12.6 4 1 -
12.9 3 0 -—
13.1 2 4 -
13.3 2 13 -
13,2 z 4 3
13.8 2 [ -
13.8 2 3 -
13.6 2 0 -—
13.6 2 0 2
13.7 2 2 -—
13.9 2 4 -
14.0 2 2 -
14,2 3 2 2
14.0 3 4 _—
14.2 4 1 -—
1440 3 o _—
13.9 3 n -
l4.0 2 8 -
1441 1 3 -
13.4 4 13 -
13.5 2 3 -
13.3 2 5
13.2 3 3
13.2 4 2 -
13.2 3 7 -
12.7 2 26 6
12.3 3 20 -
12.3 3 3 -
12.1 3 4 -
11.4 “ 1 1
11a1 3 1 -
10s1 3 - -
10.0 0 20 -
9.9 2 A -
9e3 2 53 3
Fete 4 10 -
3.0 5 22
9.1 S 18
Y.2 s 41 -
9e1 4 61 -
EN 4 51 -
9.5 4 65 -
10.0 3 230 -
DIS-
PO— SOLVED
TAS- PHOS-
SCDIUM SIUM PHORUS

(NA) (K) (p}

(MG/L) (MG/L) (MG/L)

<1.0 o3 <037

1.5 o4 €.017
DIS-

DIS- DIS— SOLVED
SOLVED SOLVED MOLY-
COPPER LEAD BDENUM

(cu) (PB) (M0}
{UG/L) (uG/L) ue/L)

<25 7 12

<2 <7 <7
DIS~

TOTAL TOTAL SOLVED
RESI- ALPHA ALPHA

DUE
(MG/L) (PC/L) (PC/L)

3 8.0 8.0
145 «0 0

CYANIDE
(CN)
(MG/LY

DIS—
SOLVED
BORON

(B)
we/L)
23
13

DIS-
SOLVED
NICKEL

(NT)
(uG/L)
<3

<3

SUS—
PENDED
ALPHA
(PC/L)

0

«0

015~
SOLVFD
SELE-

NTUm

(SE)
uG/L)

DIS-
SOLVED
ARSENIC

(AS)
we/L)
<17
<17

DIS—
SOLVED
SILVER

(AG)
G/
0

0

TOTAL
BETA

(PC/L)

8.0

DIS-
SOLVED
(e/L)

10
4

DIS-
SOLVED
STRON-

TIUM

(SR}
(UG/L)

13

DIs-
SOLVED
BETA
(pC/L)

8.0

w
(e/L)
<7.0

<7.0

SUS-
PENDED
BETA

{pC/L}

«0




STREAMS TRIBUTARY TO LAKE HURON

04045590 ST. MARYS RIVER BELOW SAULT STE. MARIE, MICH.

37

LOCATION, --Lat 46°28'11", iong 84°18°'07", in KE} sec.9, T.47 N., R.1 E., Chippewa County, at right bank at ferry
crossing to Sugar Island, 1.3 miles southeast of Sault Ste. Marie.

DRAINAGE AREA.--80,900 sq mi, approximately,

PERIOD OF RECORD, -~Chemical analyses:

October 1969 to September 19870,

REMARKS, --Samples collected monthly as part of the Environmental Protection Agenci nation network,
records available,

TIME

0930
1400
1615
1630

0900
1720

1700

1605

17040 0830
l4oae 1315
1400 080S

1644, 1700

ALrA=
LINITY
AS
CACO3
(MG/L)
43
43
43
43

“3
44

44
44

43

SPEC1-
FIC

COND-

UCTANCE

(MICRO~
MHOS)

96

98

98

96

97

CHEMICAL ANALYSES, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

ORGANIC  AMMONIA
CHLO- NITRO-  NITKO-
RIDE GEN GEN
(cL) (N) (N)
(MG/L)  (MG/L)  (MG/L)
1.0 .10 0=
2.0 .06 04
2.0 .00 <06
3.0 .06 «00
2.0 <00 .05
240 <00 .00
2.0 .00 .01
1.0 .00 .03
2.0 -1 «00
<5.0 - --
1.0 .06 .01
TUR=-
PH TEMP=- 810~
ERATURE Ty
(UNITS)  (DEG ©)  (JTU)
7.2 10.5
7.7 8.5
7.3 .5
To4 .0
7.8 .0
7.5 -
7.3 2.0
7.3 5.2
7.2 9.5
T4 16.0
7.3 19.5
7.5 14,5

NITRATE
(N)
(MG/L)
30
«30
.27
.20
+30
27
.20
#30
«33
.30
.20
«20
0§s-
SCLVED
OXYGEN
(MG/L)
[ 1048
1 11.6
1 12.6
0 12.2
0 1446
n 13.0
9 13.2
o 13.8
0 11.3
0. 10.0
o 9.2
o Q.6

PER=-
CENT
SATUR-

ATLION

98
100
89
85

lol
90

87
110
100
102
101

97

MG/L)

00
.02
«01
o0l

«00
<01

»00

No discharge

DIS~ TOTAY
SOLVED NON-
SOLIDS FILT-
(RESI- RABLF
DUE AT RESIDUE
180 C)

(MG/L) (MG/1)

=R 22
S8 3
L} 6
S4 s
58 2
88 16
53 12
61 1n
53 4
64 0
DELAYED
coL1-
FORM
(COL-
ONIES PHENOLS
PER
100 ML) WwesL)
93 o
14 o
o 23
o 4
400 6
600 30
92 4
79 a8
1o 36
azs 8
5 13
100 4

TOTAL
RESI-
DUE

(MG/LY
RO
61
67
59

60
104

65
71

57

HARD -
NESS
(CAYMG)
(MG/L)
o4
S5

49

46
45
46

ES0

E21

46



38 STREAMS TRIBUTARY TO LAKE MICHIGAN
04046000 BLACK RIVER NEAR GARNET, MICH,

LOCATION,-~Lat 46°07°'05", long 85°21'55", in SE{ sec,13, T.43 N., R.9 W,, Mackinac County, temperature recorder at
gaging station on right bank, 10 ft upstream from highway bridge, 15 ft downstream from Peters Creek entering
from the right, 3.5 miles upstream from Lake Michigan, and 4 miles southwest of Garnet,

DRAINAGE AREA,.--28 sq mi, approximately,

PERIOD OF RECORD,--Water temperatures: October 1951 to September 1970.

EXTREMES , -~1969-~70:

Water temperatures: Maximum, 18,0°C July 17, 25-28, 31; minimum, freezing point on many days during December
to March,
Period of record:
Water temperatures: Maximum, 20,0°C July 21, 22, 1852; minimum, freezing point on many days during winter
periods.
mARKS.--Intermittent periods of ice effect during winter period. Recorder stopped Dec, 18-22, range in temper-

:tu;e 0,5°C; Feb. 27 to Mar, 13, range in temperature 0.0°C. No temperature record Mar, 26 to Apr, 19, Apr, 29
o May 17,

TEMPERATURE (°C) OF WATER, WATER YEAR OCTOBER 1969 YO SEPTEMBER 1370

oCTOBER R JANUARY FEBRUARY MARCH
DAY MAX MIN MAX MIN MAX HIN MAX MIN MAX MIN MAX MIN
1 9.5 9.5 6.0 5.0 1.5 1.0 0.0 0.0 0.0 0.0 — -—
2 10,0 9.0 640 640 1.5 1.0 0.0 0.0 0.0 0.0 - -
3 10,0 10,0 6.0 6.0 1.0 1.0 0.0 0.0 0.0 0.0 -— -—
o 10,0 10.0 6.0 5.5 1.0 1.0 0.0 0.0 0.0 0.0 -— -
5 10,0 10.0 5.5 5.5 1.5 1.0 0.0 0.0 0.0 0.0 — —
6 10.0 10.0 5.5 5.0 1.5 1.5 0.0 0.0 0.0 0.0
7 1040 1040 5.0 5.0 1.5 1.0 0.0 0.0 0.0 0.0
8 9.5 9.5 5.0 5.0 1.0 1.0 0.0 0.0 0.0 0.0
9 9.5 8.5 5.0 5.0 1.0 1.0 0.5 0.0 0.0 0.0 -
10 9.5 8.5 5.5 5.0 1.5 1.0 0.5 0.5 0.0 0.0 ——
11 9.5 9.5 6.0 5.5 1.5 1.5 0.5 0.5 0.0 0.0 — -
12 9.5 8.5 6.0 5.5 1.5 1.0 005 0.5 0.0 0.0 - -—
13 8.5 8.5 5.5 4.5 0.5 0.5 0.0 0.0 0.0 0.0 — —
14 8.5 7.5 4e5 %00 0.5 0.5 0.0 0.0 0.0 0.0 0. 0.0
15 7.5 7.0 pars 3.5 0.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0
16 .0 7.0 3.5 3.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0
17 6.5 6.5 4.5 3.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0
18 7.5 7.5 45 4e0 0.5 0.0 0.0 0.0 0.0 0.0 0.0
19 6.0 6.0 4.5 3.0 - 0.0 0.0 0.0 0.0 0.0 0.0
20 6.5 6.0 3.0 2.5 - -—- 0.0 0.0 0.0 0.0 0.0 0.0
21 6.5 6.0 20 2.0 —— — 0.0 0.0 0.0 0.0 0.0 0.0
22 6.0 5.0 2.0 2.0 dea - 0.0 0.0 0.0 0.0 0.0 0.0
23 5.0 40 2.0 2.0 0.5 0. 0.0 0.0 0.0 0.0 0.5 0.5
2 440 4.0 2.0 2.0 0.5 0.5 0.0 0.0 0.0 0.0 0.5 0.5
25 5.0 445 2.0 2.0 0.5 0.5 0.0 0.0 0.0 0.0 0.5 p.0
26 5.0 5.0 2.0 2.0 0.5 0.5 0.0 0.0 0.0 0.0 - —
21 5.0 5.0 2.0 1.5 045 0.5 0.0 0.0 0.0 0.0 -
28 5.0 405 1.5 1.5 0.5 0.5 0.0 0.0 0.0 0.0 -
29 4.5 4e5 1.5 1.5 045 0.5 0.0 0.0 -- --- ---
30 5.0 445 1.5 1.0 0.5 0.5 0.0 0.0 - - —-—
3 5.0 5.0 -— - 0.0 0.0 0.0 0.0 -— -— --- ---
MONTH 10.0 400 6.0 1.0 2.0 0.0 0.5 0.0 0.0 0.0 - --
APRIL MAY Ly AUGUST SEPTEMBER
oAy MaX MIN MAX MIN HAX MAX MIN MAX MIN MAX MIN
1 - - -— - 12.0 14.5 1440 17.5 16,0 1240 11.5
2 -- - - -— 1240 1400 13.5 17.5 1540 11.5 11.5
3 - - - -—- 13.0 140 13.5 15.0 14.5 12.0 11.5
4 - - — -— 14,5 13.0 12.5 1445 12.5 13.5 12.0
5 - -- - - 15.5 1400 1240 15.0 13.0 13.0 12,0
6 14, 14,0 13.0 15.5 14,0 13.0
7 1640 13.5 13.0 15.5 14,0 1400
8 15.5 1600 13,5 1640 1440 14,5
9 15.5 15.0 14,0 16,0 14,0 1445
10 1645 1740 1540 160 1400 13.0
11 16.5 17.0 15.5 15.5 1440 12.5
12 15.5 17.0 16,0 16,0 1440 12.0
13 15.5 17.0 16.0 15,5 1440 11.5
14 1440 1640 15.5 16.0 1440 1.0
15 1445 17.0 1640 15.5 1400 10.5
16 14,5 17.5 1640 15.0 13.5 105
17 16,0 18.0 16.5 14,0 13.0 1.0
18 15,0 7.0 15,0 13.5 11,5 11.0
19 13,5 1640 15.0 13.5 13.5 1.0
20 13.5 15.0 14,0 13.5 13.0 12.0
21 13.0 15.0 14,5 13.0 1240 15.5
22 13.5 1640 14,5 13,0 12,5 15.5
23 14,5 17,0 15,0 13.0 12,5 15.0
24 1440 17.0 15.5 13.0 12.0 13.5
25 13.5 18.0 16.0 13.0 i3. 13.5
26 13,5 18,0 16,0 13,5 13.0 13,5
27 13.5 1800 16.5 13.5 13,0 12,5
28 13.0 18.0 16,0 13.0 13.0 1.0
29 14,0 17.5 16.0 13.0 13.0 1040
30 15,0 175 1740 13.0 1300 9.5
3 -- 1840 16.5 13.0 12.5 -
MONTH -— - -— -— 16.5 18.0 12.0 17.5 11.5 15.5 9.0




STREANS TRIBUTARY TO LAKE NICHIGAN 39
04058000 MIDDLE BRANCH ESCANABA RIVER NEAR ISHPEMING, MICH.
LOCATION.--Lat 46°23'40", long 87°45'30", in NW}SW} sec.12, T,46 N,, R.28 ¥,, Marquette County, temperature regorder
at gaging station on left bank 0,5 mile downstream from County Highway 581, 6 miles southwest of ishpeming, and
10 miles east of Republic,
DRAINAGE AREA.--128 sq mi,
PERIOD OF RECORD, -.Water temperatures: August 1961 to September 1970,
EXTREMES, --1969-70:
Water temperatures: Maximum, 24.0°C July 26, 27, 30, 31; minimum, freezing point on many days during December
to April,
Period of record:
Water temperatures: Maximum, 26,0°C July 1, 2, 1963, July 21, 1964; minimum, freezing point on many days
during winter periods,

REMARKS, ~--Complete ice cover during winter period, No temperatul;e record Dec, 2 to Jan, 13, Mar, 24 to Apr. 6.
Recorder stopped Feb, 4 to Nar, 23, range in temperature 0,0°C.

TEMPERATURE (°C) OF WATER, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

0CTOBER NOVEMBER OECEMBER JANUARY FEBRUARY MARCH
DAY MAX MIN MAX MIN MaX MIN MAX MIN MAX MIN MAX MIN
1 Be0 B.0 3.0 4.0 -— 0.0
2 9.0 8.0 3.5 0,0
3 9.0 90 3.5 0.0
4 9.0 9.0 4e0 —
S 10.0 9.0 3.5 —— —— —— —
6 10.0 9.5 3.0 b —— -—
7 5 8.5 3.0 —— — -
8 8.5 7.5 3.5 - —
9 7.5 6.5 440 bl L -
10 7.5 6.5 4.0 ——— - -—
11 7.5 Te0 4.5 440 — - ——-
12 7.0 6.5 445 4e0 —— —-— -
13 6.5 6.0 40 3.0 —— Ead -
14 6.0 Se5 3.0 3.0 ——- ——— —— ——
15 S5 Se0 3.0 3.0 - ~—— 0.0 -
16 S.0 Se0 3.0 3.0 0.0 0.0
17 Se0 400 3.0 3.0 Ce0 0.0
18 “4e0 3.5 3.0 3.0 0.0 0.0
19 3.5 3.5 3.0 3.0 0.0 0.0
20 3.5 3.5 3.0 3.0 - 0.0 0.0
21 3.5 3.5 3.0 3.0 ——— 0.0 0.0
22 3.5 3.0 3.0 3.0 — 0.0 0,0
23 340 2.0 3.0 3.0 —— 0.0 0.0
24 3.5 2.0 3.0 3.0 - -——— 0.0 0.0
25 3.5 3.0 3.0 3.0 - sas 0.0 0.0
26 400 4.0 3.0 3.0 —— [o{70) 0.0
27 440 3.5 3.5 3.0 — 0s0 0.0
28 3.5 3.5 3.5 3.5 Rt 0.0 0.0
29 3.5 2.5 3.0 3.0 Sm- 0.0 0.0
30 2.5 2.5 3.0 3.0 - 0.0 0.0
31 3.0 2.5 —— — — 040 0.0
MONTH 10.0 2.0 4.5 3.0 -— — —— — -— — -— ———
APRIL MAY JUNE JuLy AUGUST SEPTEMBER
Day MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN
1 htand 14,0 13,0 15,0 15.0 23.0 21.0 22,5 21.0 16,0 15.0
2 - 13.0 10.0 15.0 15.0 23,0 22.0 2240 20.5 16.0 16.0
3 - 10.0 9.0 15,0 15,0 23.0 21.0 20.5 19.0 17.0 16,0
4 - 10.5 940 16,0 1S.0 2140 19.0 19.0 16.5 18.5 17.0
S - 10.5 10.0 17.0 16.0 195 17.0 19.0 17.0 18.5 17.5
6 -— - 10.0 9.0 18.0 17.0 2040 18.5 20.0 18.0 19.0 18.0
7 0.0 0.0 9.5 9.0 19.0 18.0 21.0 19.5 20.5 19.0 19,0 18.0
8 1.0 0.0 10.5 Se0 20.0 18,5 21.0 19.5 21.0 1.0 19.0 18.5
9 1.0 0.5 10.5 10.5 20.5 20.0 2045 19,5 21.5 19.0 19.0 17.0
10 1.0 0.5 10.5 10.0 21.0 2045 21.0 19.0 21.5 19.5 18.0 16.5
11 1.0 0.5 10.0 9.5 2l.0 21.0 22,0 19.5 21.0 19.0 16.5 15.5
12 2.0 1.0 9.5 9.5 2).0 20,5 22.5 21.0 21,0 19,0 15.5 15.5
13 2,0 1.0 9,5 9.5 20,5 19.0 23.0 22,0 22.0 20.0 15.5 14,0
14 2.0 1.0 9.5 9.0 19.0 18.0 23.0 22.0 22.0 21.0 14.0 13,0
15 2.0 1.5 9.0 9.0 18,5 17.5 22.0 20.5 210 21.0 13.0 1245
16 2.5 1.5 9.0 9.0 18,5 18.0 20.5 19.5 21.0 19,5 12.5 12,5
17 2.5 2.5 11.0 9.0 20,5 18,5 23,5 20.0 19.5 18,0 13.0 12,5
18 “e0 245 14,5 11.0 20.5 19.5 21,5 19.5 19.5 180 13,5 13.0
19 4e0 4e0 15.5 14.5 19.5 17.5 19.5 17.5 20.0 19.0 14.5 13,5
20 400 3.0 15.5 14.5 17.5 15.5 17.5 16,5 2000 19.0 16.0 14,5
21 3.5 30 15.0 1440 16,5 15.0 18.0 16.5 19.0 17.0 17.0 16.0
22 4.0 3.5 15.0 14,5 18.0 16.0 19.5 17.0 18,5 1840 17.0 16.5
23 5.5 440 15.0 13,5 19,0 17.0 20,0 18,5 18,0 17,0 16.5 15.0
24 6.0 5.5 15.0 l4e0 19.0 18.0 21.0 19.0 17.5 1640 15.0 14,5
25 7.0 6.0 14.5 13.5 19.0 17.0 23.0 2040 18.0 17.0 145 14.5
26 9.0 7.0 13,5 12,5 18,5 17.0 24,0 22.0 19.0 17.5 1445 13.5
27 10.5 9.0 12.5 11.5 18,5 17.0 24.0 23.0 19.0 17.0 13.5 12.0
28 13.0 10.5 11.5 11.5 18.0 17.0 23,5 22,0 18,5 17.5 12.0 11.5
29 13.5 13.0 13.5 11.5 21.5 1840 23.5 22.5 18.5 16.5 11.5 10.5
30 14.0 13.5 15.0 13.5 21.5 20.0 24,0 22.5 17.0 17.0 10.5 10.5
31 ——— - 15.0 15,0 —— — 24,0 22,5 17,0 15.0 — —_—

MONTH 1440 0.0 15.5 90 21.5 1S.0 2440 16,5 22.5 15.0 19.0 10.5



40 STREANS TRIBUTARY TO LAKE NICHIGAN

04058200 SCHWEITZER CREEK NEAR PALMER, MICH.

LOCATION, --Lat 46°24'40", long 87°37'27", in SW} sec.1, T.46 N,, R,27 W., Marquette County, temperature recorder
at gaging station on right bank 10 ft upstream from highway bridge, 2.5 miles southwest of Palmer,

DRAINAGE AREA,--23,6 sg mi,
PERIOD OF RECORD,--Water temperatures: August 1961 to September 1970,

EXTREMES, - -1969-70:
Water temperatures: Maximum, 21.5°C July 22; minimum, freezing point on many days during December to February.

Period of record:
Water temperatures: Maximum, 25,0°C July 15, 16, 1968; minimum, freezing point on many days during winter
periods,

REMARKS, -.Since August 1962, flow regulated by Schweitzer Creek Reservoir, 1 mile above station,

TEMPERATURE (°C) OF WATER, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH
DAY MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN
1 12.5 11.5 6.0 S.5 5.5 5.0 0.5 0.0 0.5 0.0 1.5 1.0
2 125 11.5 6.5 6.0 5.0 5.0 0.5 0.0 0.5 0.0 2.0 1.5
3 12.5 11.5 7.0 640 5.0 4.5 0.5 0.0 0.0 0.0 2.0 2.0
4 12,0 11.5 7.0 645 445 4.5 0.0 0.0 0.0 0.0 4.0 2.0
5 1245 12.0 6.5 5.5 4.5 4.5 0.0 0.0 0.0 0.0 3.5 2.0
) 12.5 12.0 6.0 540 5.0 4,5 0.0 .0 0.0 0.0 3.0 2.5
7 12.0 1040 6.0 5.5 540 5.0 0.0 0.0 0.5 0.0 3.0 1.5
8 10.5 10.0 6.5 5.5 5.0 4.5 0.0 0.0 0.5 0.5 2.5 1.5
9 11.0 8.5 6.5 640 4.5 3.5 0.0 0.0 0.5 0.5 2,5 2.0
10 11.0 11.0 6.5 5.5 4.0 3.5 0.0 0.0 0.5 0.5 2.5 2.0
1 11.0 1040 6.5 6.5 440 3.5 0.0 0.0 0.5 0.5 3.0 2.5
12 10,0 9.0 6,5 5.0 4.0 3.5 0.0 0.0 0.5 0.0 3.0 2.5
13 9.0 9.0 6.0 4.5 3.5 3.0 0.0 0.0 0,0 0.0 3.0 2.5
14 9.0 7.5 5.0 4.5 3,5 3.5 0.0 0.0 0.0 0.0 3.0 2.5
15 8.0 7.5 445 40 3.5 2.5 0.0 0.0 0.5 0.0 3.0 2.5
16 8.0 7.5 5.0 4.5 2.5 2.5 0.0 0.0 0.0 0.0 3.5 2.5
17 8.0 7.0 6.0 5.0 2.5 2.5 0.0 0.0 0.5 0.0 4,0 2.0
18 7.5 6.5 7.0 6.0 2.5 2.5 0.0 0.0 0.5 0.5 440 2.0
19 8.0 7.0 6.0 4.0 2.5 240 0.0 0.0 0.5 0.5 5.0 2.5
20 8.5 8.0 4.0 3.5 2.0 2.0 0.0 0,0 1.0 0.5 5.0 3.0
21 845 7.0 3.5 3.5 2.0 2.0 0.0 0.0 1.5 1.0 S.5 3.0
22 740 4.5 4.0 3.5 2.0 1.0 0.0 0.0 1.5 1.5 5.5 3.0
23 5.0 4.0 5.5 4.0 1.0 1.0 0.0 0.0 2.0 1.5 5.5 3.0
24 6.5 5.0 6,0 5.5 1.0 1.0 0.0 0.0 2.5 2.0 440 2.0
25 6.5 6.5 6,0 6.0 1.0 1.0 0.0 0.0 2.5 1.5 440 1.5
26 6.5 6.0 6.0 5.0 1.0 1.0 0.0 0.0 1.5 1.5 4.0 2.0
27 6.0 5.0 5.0 5.0 1.0 1.0 0.0 0.0 1.5 1.5 3.5 1.5
28 5.5 5.0 5.0 5.0 1.5 1.0 0.0 0.0 1.5 1.0 2.5 1.0
29 5.0 440 5.0 Se0 1.5 1.5 0.0 0.0 - -— 2.5 1.0
30 5.5 4.0 5.5 5.0 1.5 1.0 0.0 0.0 - 3.0 1.5
31 5.5 5.0 --- -— 1.0 0.0 0.0 0.0 - - 4.0 2.0
MONTH 12,5 440 7.0 3.5 5.5 0.0 0.5 0.0 2.5 0.0 5.5 1.0
APRIL MAY JUNE JuLy AUGUST SEPTEMBER
DAY MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN
1 4.5 2.0 11.0 9.5 14.0 1440 19.0 14,0 17.5 1440 14.5 13,0
2 4,5 2.0 10.0 9.5 14.0 13.0 18.5 13.0 17.5 1440 1540 14.0
3 4.5 2.5 10.0 9.5 15.0 13.0 17.0 12.5 16.5 13.5 15.5% 14.5
4 5.0 3.0 10.5 8.5 16.0 13.5 14.0 12.0 1640 12.5 1640 15.5
5 Se0 3.0 9.5 8.0 17.0 4.0 16.S 1l.0 17.0 13.0 1640 14.5
6 4s0 3.5 10.5 7.0 18.5 145 16.5 11.5 17.5 1405 16,0 15,0
7 5.5 2.5 8.5 7.0 19.0 15,0 16.5 12,5 17.5 14,0 17.0 16,0
8 7.0 4.0 10.5 8.0 19.0 14.5 16.5 13,5 18,0 14,0 17.0 1640
9 . 3.5 9.5 8.5 19.5 15.0 16.5 12.0 18.0 1445 16.0 4.0
10 6.0 2.5 8.5 8.5 19.0 15.0 16.5 11.5 18.0 1445 1640 145
11 6.5 3.0 8.5 8.0 18.0 15.0 17.0 12.0 18.5 15.0 14,5 13.5
12 7.0 3.5 8.0 8.0 18.5 16.5 17.0 12.5 17.0 1440 14,5 1440
13 840 Se0 9.0 7.5 17.5 1440 1640 13.0 1645 14.5 1440 13.0
14 845 Se0 8.0 7.0 17.0 13.5 15.5 13.0 17.0 14.5 13.5 1340
15 9.0 5.5 7.5 7.5 17.5 12,5 15.0 12,5 1640 14.5 13.0 13.0
16 7.5 6.5 8.5 7.5 16.5 13.5 16.5 12.0 1640 1440 13.5 13.0
17 7.0 6.0 1.0 a.0 18.5 12.5 17.5 13.0 15.5 13.5 14,0 13.5
18 8.0 SeS 12,5 8.5 1840 13.5 17.0 12.0 15,5 13.5 14.5 14.0
19 8.0 S.5 13.0 10.0 16,0 10.5 13,5 12,0 16,0 15.0 15.0 14.0
20 6.5 5.5 1.0 9.5 1440 9.0 19.5 13.5 16.0 1445 16.0 14,0
21 6.5 640 1440 9.0 140 9.0 2l.0 17.5 15.5 130 16.5 16.0
22 9.0 6.0 13.0 12.0 15.0 10.0 21.5 17.0 15.5 1440 16.5 14,5
23 9.0 7.5 15.0 11.0 1640 10.5 2040 15.0 14.5 13.5 1445 13.0
24 10.0 8.0 13.0 11.0 15,5 12.0 18,5 14,5 16.0 13.0 13,5 13,5
25 11.0 8.0 14,0 11.0 14,0 10.0 18.5 14.5 16.0 14.0 14,0 14.0
26 12.0 8.5 13.0 12.0 14.0 11.0 19.0 14,5 15,5 14,0 1440 13.0
21 12.5 9.0 13.5 11.5 1445 11.0 19.0 15.0 15.5 1440 13.0 12.0
28 14.5 1040 12.0 11.0 145 11.0 18.0 1440 15.5 1445 12.0 12.0
29 13.0 10.5 15.0 11.0 18.0 12,0 18,0 14,5 15.0 13.0 12.0 1.5
30 12.0 10.5 13.0 12,0 18,0 12.5 18,0 15.0 15,0 14,5 12.5 12.5
31 --- - 14.0 13.0 --- - 1840 14,5 15.0 13.0 -— -—

MONTH 14.5 2.0 1S.0 7.0 19.5 9.0 21.5 1l.0 18.5 12.5 17.0 11.5



STREAMS TRIBUTARY TO LAKE MICHIGAN

04059500 FORD RIVER NEAR HYDE, MICH,

41

LOCATION, --Lat 45°45'20", long 87°12'05", in SW} sec,19, T,39 N,, R,23 W,, Delta County, temperature recorder at
gaging station on right bank 40 ft downstream from county highway bridge, 1.4 miles downstream from Tenmile
Creek, and 1.5 miles north of Hyde,

DRAINAGE AREA,.-450 sq mi,

PERIOD OF RECORD,.-Water temperatures:

EXTREMES, ~--1969-70:
Water temperatures:

Period of record:
Water temperatures:

July 1956 to September 1970.

REMARKS. --Complete ice cover during winter period,
conductance data for this station included in samples collected at miscellaneous sites in Michigan,

oay MAX
1 14ag
2 15.5
3 15.0
4 1440
5 1445
6 14.5
7 13.5
8 12.0
9 11.5
10 1440
1 13.0
12 11.5
13 9.0
14 8.0
15 8.0
16 8.0
17 7.5
18 6,5
19 Te0
20 8.0
21 8.0
22 5.0
23 4.0
24 5.5
s 6.5
26 6.0
27 5.0
28 400
29 4.0
30 3.0
3 3.0
MONTH 15.5
DAY MAX
1 0.5
2 0.5
3 0.5
o 1e0
5 1.0
6 1.0
7 1.0
8 1.0
9 1.0
10 2.0
11 2.5
12 2.5
13 3.0
14 6.5
15 6.5
16 6.5
17 6.0
18 6.0
19 6.0
20 5.0
21 40
22 5.0
23 7.5
24 8.0
25 9.0
26 1140
21 12,5
28 1405
29 1405
30 1440
31 -—
MONTH 14.5

OCTOBER
MIN

APRIL

0.5

12,0

NOVEMBER
MAX MIN
5.0 3.5
Se0 S.0
5.0 5.0
5.0 4.0
b4e0 3.0
40 3.5
4.5 4.0
4.5 3.5
4.5 4.0
45 4.0
4.5 4.0
4,5 3.5
3.5 1.5
1.5 1.0
1.0 1.0
1.0 1.0
1.0 1.0
3.0 1.0
3.9 1.0
1.0 1.0
1.0 l.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 0.5
0.5 0.5
0.5 0.0
5.0 0.0

MAY

MAX MIN
13,5 11.5
11.5 9.5
10,5 8.0
12.5 9.5
12.5 10.0
11,5 8.0
11,0 8,5
1200 9.0
12.0 11.0
12.0 10.5
11.5 9.5
11.5 1040
11.5 9.

11.0 9.0
9.5 8.5
10.5 9.5
13.5 9.0
1640 1l.0
17.5 14,5
17.0 1440
1840 1440
17.0 13.0
16.5 12.0
16.0 13.0
15.5 12.0
15.5 13.0
15.0 11.5
1445 11.5
1640 11.0
16.0 15.0
16.0 15.0
1840 8.0

TEMPERATURE (°C) OF WATER,

No temperature record Aug, 25 to Sept, 30,

OQECEMBER
MAX MIN
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 Q.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
Q.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

JUNE

MAX MIN
15.0 14.5
15.5 13.5
16,0 13.5
17.5 14.5
18,5 15.5
20.0 17.0
21.5 18,0
22,0 19,0
23.0 2040
24,0 20+5
23.5 21.5
23.0 21.0
21.5 19.5
20.0 19.0
21.5 19.0
210 20.0
24,5 200
24,5 20.0
2040 17.5
18.5 17.0
21.0 16.5
22.5 19.5
2445 20.5
22,5 19,5
21.0 17.5
21,5 18,5
22.5 18,0
22.0 200
26.5 19.0
26,5 23.0
26.5 13.5
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WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

FEBRUARY
MAX MIN
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

AUGUST
HAX MIN
27.0 23,0
25.5 22.%
23.0 21.5
22.0 18.0
25.0 19.0
27.0 21.0
27.5 22,5
28.0 22.5
28.5 23.0
28.5 23.0
28.0 23.5
28.90 23.5
29.0 23.0
2840 23.5
27.0 2440
25.5 22.0
25.0 2045
23.5 200
2440 21.5
23.5 21.0
23.5 18.5
23.0 200
22.0 18.5
22.0 18.0

Maximum, 29,5°C July 28; minimum, freezing point on many days during November to March,

Maximum, 30,5°C July 21, 1964; minimum, freezing point on many days during winter periods,

Periodic specific

MARCH

MIN




42 STREAMS TRIBUTARY TO LAKE MICHIGAN
04062200 PESHEKEE RIVER NEAR CHANPION. MICH.

LOCATION,--Lat 46°33'25", long 88°00'09", in NW} sec,13, T.48 N,, R,30 W., Marquette County, temperature recorder
at gaging station on left bank 10 ft downstream from bridge on county highway, 0.6 mile downstream from West
Branch, and 3,5 miles northwest of Champion,

DRAINAGE AREA.--133 sq mi.

PERIOD OF RECORD, --Water temperatures: August 1961 to September 1962, October 1963 to September 1970,

EXTRENES, --1969-70:
Water temperatures: Maximum, 26,5°C July 1; minimum, freezing point on many days during November to April,

Period of record:
Water temperatures: Maximum, 28,5°C July 1, 1966; minimum, freezing point on many days during winter periods,

REMARKS, --Complete ice cover during winter period, Xo temperature record Oct, 1 to Nov, 24, Water temperatures
for water year 1963 are available in Escanaba sub-office,

TEMPERATURE (°C) OF WATER, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH
DAY MAX MIN MAX MIN maX MIN MAX MIN MAX MIN MAX MIN
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 [¢] 0.0 0.0 0.0 0.0
4 — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
] - - 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0
6 il 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 L 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 ——- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 - - —— 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
12 —— -—- - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 Rt —— —— 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 —— 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15 — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
16 ——- - - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17 = - — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18 — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20 —— 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
21 Rt 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0
22 -—- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
23 g 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 ——— 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
29 0.0 0.0 0.0 0.0 0.0 0.0 bt 0.0 0.0
30 0.0 0.0 0.0 0.0 0.0 0.0 ——- 0.0 0.0
31 ——- - 0.0 0.0 0.0 0.0 - - 0.0 0.0
MONTH -— - - - 0.0 0.0 0.0 0.0 0.0 0.0 0.u 0.0
APRIL MAY JUNE JULY AUGUST SEPTEMBER
0AY MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN

v

1 0.0 0.0 9.0 8.0 13.0 13.0 26.5 23.0 23.5 20.5 19.0 14.0
2 0.0 0.0 8.0 6.5 13.5 13.0 26,0 23.0 22.5 20.5 18.0 16.0
3 0.0 0.0 645 6.0 14.5 13.0 24.5 2240 2l.5 19.0 17.5 1645
4 0.0 0.0 Te0 60 15.5 14,0 21.5 19.0 19,5 17.0 18,0 17.0
S 0.0 0.0 7.0 T.0 17.5 1640 20.5 17.0 21.0 17.0 18.5 16.5
6 0.0 0.0 7.0 60 18.0 16.5 21.5 18.5 22.0 18.0 18.0 17.5
7 0.0 0.0 Te0 645 19.5 18.¢0 22.0 20.5 23.0 19.0 19.0 17.5
6 0.0 0.0 840 Ta0 200 18.0 22,5 19,5 2440 1945 19.5 18.0
9 0.0 0.0 8.0 Ta5 21le0 19.0 2145 18.0 2440 2040 19.0 15.0
10 0.0 0.0 1.5 T.0 21.5 20.0 22.5 19.0 2640 20.0 19.0 16.5
11 0.0 0.0 6,5 60 21.0 19.0 24,0 20.5 24,0 21.0 16.5 14.5
12 0.0 0.0 Te0 Te0 19.0 18.5 2445 2145 23.5 19.0 15.5 1445
13 0.0 0.0 7.0 605 18.5 17.0 24.5 22.5 2440 200 1445 13.5
14 0.0 0.0 7.0 740 18.0 17.0 2540 23.5 23.5 215 13.5 12.5
15 0.0 0.0 Te0 Te0 19.0 17.0 23.0 21.0 23.0 21.5 12.5 1245
16 0.0 0.0 7.0 T.0 19,0 18.5 21.0 19.0 2240 19.5 12.5 12.0
17 0.0 0.0 9.0 7.0 22,0 19.0 22,0 20.0 22.0 16.0 13.5 12.5
18 0.0 0.0 11.8 9.0 22.0 19.0 21.5 20.0 2240 16.5 14.5 13.5
19 0.0 0.0 1340 11.5 19.0 17.0 2040 17.5 22.0 19.5 15.0 13.0
20 0.0 0.0 13.0 11,5 19.0 16.5 18.0 16,5 22.0 19.0 16.0 14.0
21 1.0 0.0 12.5 11.0 2040 15.5 19.0 17.0 210 16.0 18,0 1640
22 2.0 140 1240 11.5 21.0 1840 20.0 17.5 2040 18,0 17.0 15.5
23 2.5 1.0 12.5 11.0 210 18.0 210 19.0 1845 17«0 15.5 l4.0
24 2.5 240 1445 13.0 21.5 19.5 2240 19.5 21.0 15.5 15.0 14.0
2s 3.5 2.0 13.0 12.5 19.5 17.0 2440 21.0 21,0 17.0 14.0 140
26 S.0 125 10.5 20.0 17.5 25.0 22.0 21+0 17.5 14.0 12.5
27 6.0 11.0 10.0 200 17.0 25.0 23.0 20.5 17.0 12.5 1145
28 8.0 11.0 10.5 20.0 17.0 25.5 22+0 2040 17.0 11.0 11.0
29 9.0 13.5 105 2440 18.5 25.0 22.5 18,5 15.5 11.0 10.0
30 9 13.5 13.5 2540 2040 25.0 23.0 18.0 17.0 10.0 10.0
31 - 13.5 13.0 - b 2445 22.0 19.0 14.0 ——- Lt

MONTH 9.0 0.0 1445 640 25.0 13.0 26.5 16.5 2440 1440 19.5 10.0



STREANS TREBUTARY TO LAKE MICHIGAN 43

04063700 POPPLE RIVER NEAR FENCE, WIS.
(Hydrologic bench-mark station)

LOCATION.--Lat 45°45'49", long 88°27'47", in NW} sec.23, T.38 N., R.16 E,, Florence County, temperature recorder at
gaging station on left bank 20 ft upstream from bridge on U.S. Forest Service Road 2159, 1.8 miles downstream
from Mud Creek, 2,6 miles northwest of Fence, and at mile 11,5,

DRAINAGE AREA,--131 sq mi,
PERIOD OF RECORD,--Chemical analyses: October 1966 to September 1968 (miscellanecus), October 1968 to Sep-
tember 1970,
Water temperatures: June 1964 to September 1870,
Sediment records: August 1966 to September 1968, October 1969 to September 1970 (periodic),

EXTRENES,--1969-70:
Water temperatures: Maximum, 29,0°C Jaly 1, 2; minimum, freezing point on many days during October to April,

Period of record:
Water temperatures: Maximum, 29,0°C July 1, 2, 1970; minimum, freezing point on many days during winter
periods.

REMARKS, - -Laboratnry analyses of biological constituents furnished by State Lab of Hygiene, Madison, Wisconsin,

CHEMICAL AMNALYSES, WATER YEAR CCTOBER 1969 TO SEPTEMBER 1970

cIs-
ors- SCLVED
SOLVED VAG- pC- ALK A=
FaN- CAt- NE- TAS- BICAR- CAR= LINITY
o1s- SILICA IRON GANESE cluw SIuM SCoITUM stum BONATE  BONATE AS SLLFATE
CHARGE  (5102) (FE) (HN) r) (KG) (NA) (K) (HCO3)  (CC3) caco3 (5041
DATE (CES) (MGZL)  (UG/L)  (UG/L)  (MG/L)  (MG/L)  (MG/L)  (MG/L)  (MG/L)  (MG/L)  (MG/L)  (MG/L)
cer.
22e0 124 10 300 0 18 Te4 1.5 o 70 [ 57 19
NGV,
12600 97 12 360 1c 15 9.6 1.8 .o 30 [ % 15
DEC.
0Seee s 18 336 ot 24 12 1.9 .5 122 ¢ 100 11
JAN,
l6use 40 16 360 90 26 13 146 1.0 133 c 109 10
FEE.
10eee 37 18 340 ac 2¢ 14 1.9 1.1 138 [ 13 7.8
MAR.
17e4e 438 20 340 3c 29 13 2.2 1.0 146 ¢ 120 .8
APR.
2200 266 98 100 1400 1 4.8 Lot .9 40 ¢ 33 13
MAY
1Teee 123 6.2 300 30 14 5.6 le4 o5 56 o 46 12
JUNE
LI 390 s.1 400 110 11 5.2 .9 o4 37 ¢ 3C 2¢c
JuLy
Cleus 30 -- -- -- -- -- -- -- - -- - --
17¢ee 37 10 210 12¢ 26 12 2.0 o6 128 [} 105 11
AUG.
1. 30 -- -~ - -- - -- -~ -- - -- --
12000 -- 12 170 110 2¢ 12 1.9 .8 130 0 107 %
SEPT,
09.4e ER 11 110 10¢ 3c 12 3.1 1.0 136 0 112 13
A DAILY MEAN DISCHARGE.
QIs- aIs-
DIs- SOLVED  SOLVED  D1S- DS~ NON- SCoIuM
SOLVED TeTaL SOLICS  SOLIDS  SOLVED  SOLVED CAR- AD-
CHLO- FLUO- PHLS- (RESI- (SUM OF  SOLIDS  SCLIDS  HARD~- BONATE SORP-
RIDE RIDE NITRATE  PKORUS  DUE AT CONSTI-  (TONS (TONS NESS HARC~  PERCENT TICN
Ly £) (NO3) (pC4) 180 C)  TUENTS) PER PER (CA,MG)  NESS SGOIUM  RATIC
(MG/L)  (MG/LY  (MG/L}  (MG/L}  (NG/L)  (NG/L)  AC-FT) cay) (MG/L)  (MG/L)
3.1 .2 .8 .C0 1c3 95 14 3445 76 18 4 o1
2.7 .2 .8 00 144 106 .20 37.7 87 132 4 .1
.8 Y .9 .c3 11€ 127 .16 17.2 110 10 4 .1
1.5 .2 1.3 .€o 146 136 .20 15.8 118 10 3 .1
1.0 .1 2.6 .00 145 141 .20 1445 122 1c 3 o1
4.0 o1 1.9 +00 150 152 .20 14,2 126 6 4 .1
1.0 ol 241 .c0 7€ &5 .10 54.6 48 14 5 ol
1.0 o1 .8 .00 €s 70 .12 2946 se 12 5 .1
.7 .2 1.2 .cs 81 63 ol 85.3 49 18 4 .l
1.0 .3 .7 .07 134 127 .18 1344 114 1c 4 .1
1.0 .5 .07 130 130 .18 - 114 8 3 o1

2.0 o3 o4 «03 12¢ 140 .18 11.4 124 13 5 .l
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WATER YEAR CCTOBER 1969 TO SEPTEMBER 1970
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STREAMS TRIBUTARY TO LAKE NICHIGAN

04063700 POPPLE RIVER NEAR FENCE, WIS.--Continued

TEMPERATURE (°C) OF WATER, WATER YEAR OCTOBER 1969 Tu SEPTEMBER 1970

17.0

18,0
16,0
14,0
14.0
13.5

1345
11,5
11.5
14.0
15.0
15.5

13.1

LY

(CONTEINUOUS ETHYL ALCOHOL-ACTUATED THERMOGRAPH)

av

11.0
10.0
10.5
10.0
14.0
15.0

10.5

0.0

21e5
21.C
20.5
2545
2645

21e2

OEC

JUM

MIN

MIN
14.5

165

19.0
19.0
19.5
15.5
15.0

15.0
17.0
18.5
20.0
20.0

17.0
18.0
1845
19.5
22,0

17.7

LLLS

MAX
29.0
29.0
2840
23.0
22.0

23,5
25.0
24.5
23,5
25.0

2640
2645
26,5
26,0
24,0

23,0
25.0
2445
2045
20.0

20e5
22.0
23.5
23,5
25.5

2645
2645
28,0
27.0
24.0
23,5

2446

JAN

JuL

MIN

21.0

23.5
2445
2440
24.0
23.0
215

2046

MAX
2345
23,0
22.0
20,0
215

23.5
23.5
24.5
24,5
2540

25.0
2345
24.5
25.0
25.0

24.0
22.0
22.0
22,0
22.0

21.0
2045
18.0
20.0
20.5

22.0
21.5
21.5
20,5
18.0
1845

2242

FEB

AUG

1€.5
16.0
15.0

19.3

SUSPENDED-SEDIMENT DISCHARGE MEASUREMENTS, WATER YEAR OCTOBER 196% T0 SEPTEMBER

DAY acr
MAX
1 10.5
2 13.0
3 12.0
4 115
5 13.0
L] 13.5
7 12.0
8 10.0
S 9+5
1a 11.0
11 10.0
L2 8.5
13 640
L4 5.5
s 5.0
L6 5.0
17 4.5
18 4e5
1s 45
20 5.5
21 S0
22 3.0
23 1.0
24 3.5
25 4.0
2¢ 4.0
27 3.5
28 3.0
29 2.0
30 240
31 2.0
AVG 6.7
DAY APR
MAX
1 0.0
2 0.0
3 0.0
4 0.0
5 0.C
6 0.0
7 0e5
8 Ce5
9 05
10 1.0
11 3.0
12
13 -
14 8.0
15 8.5
16 9.0
17 T.0
18 6.0
19 540
20 3.5
21 30
22 3.5
23 55
24 645
25 9.0
26 1.0
27 13,0
28 14.5
29 16.5
30 16.0
31 -
AVG 5.3
DATE TIME

0CT 224ee 0955
1115
1200

DISCHARGE
(CFS)

42
132
35

CDNCEN~
TRATION
(MG/L)

5
1
13

SUSPENDED
SEDIMENT

DISCHARGE
(TONS/DAY)

T
1

W57

2

DATE

AUG 1.
SEP

2000
Geus

TIME

0830
1320

DISCHARGE

{CFs)

32
29

45

FAR
HAX MIN
0.0 0.0
0.C 0.0
0.C 0.0
00 0.0
0.0 0.0
0.0 040
0.C 0.0
0.0 0.0
0.0 0.0
a.c 0.0
0eC 0.0
0eC 0.0
0.0 0.0
0eC 0,0
0.0 0.0
0.0 0.0
0e0 0.0
0.0 0.0
0.0 0.0
0.0 Cs0
0e.C C.0
0.0 C.0
0.0 0.0
0.0 0.0
Q.C 0.0
0.0 0.0
0.0 0.0
0.0 00
0.C 0.0
0.0 0.0
0.0 0.0
0.0 0.0
SEP
MAX MIN
1845 15.0
18,5 16,0
18.5 16,5
21.0 18.0
21.5 18.
21.C 19.0
22.C 19.0
22.0 20.0
21.0 1845
20.0 1545
164C 13,0
16,0 13,5
13,5 11.5
1145 1C.0
10,0 9e5
12.0 Se5
13.G 11.0
15.5 13.0
17.0 14,0
18,5 15,0
2040 18,
19.¢ 1640
164 14,5
15.0 1440
15.0 14,0
14,5 13.0
13.5 11.0
1.0 10.0
1145 S5
12.0 10.0
1645 14.2
1970
SUSPENDED
CONCEN-  SEDIMENT
TRATION DISCHARGE
(MG/L) (TONS/DAY)
& ' 52
8 .63

SUSPENDED-SEDIMENT DISCHARGE MEASUREMENTS AND PARTICLE-SIZE DISTRIBUTION, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970
BOTTOM WITHDRAWAL TUBEi C,

(METHODS OF ANALYSES:

DATE TIME
0CT 22... 1115

WATER
TEMP-
PERA-

By

vy

TURE DPISCHARGE

(e
2.0

(CFS)
124

T LESS THAN 0,50 TONS PER DAY

VISUAL ACCUMULATION TUBE; W+

CDNCEN-
TRATION
(MG/L)

1

SUSPENDED
SEDIMENT
DISCHARGE
(TONS/DAY)

T

CHEMICALLY DISPERSED; N, IN NATIVE WATER; P, PIPET; S5, SIEVE;
IN DISTILLED WATER)
PARTICLE SIZE

METHOD

PERCENT FINER THAN THE SIZE (IN MILLIMETERS) INDICATED oF
ANALY-

+002 ,004 008 016 .031 ,062 ,125 .250 .500 1,00 2.00 SIS
27 40 43 64 88 91 96 99 100 - - SBWC



46 STREANS TRIBUTARY TO LAKE MICHIGAN
04065500 STURGEON RIVER NEAR FOSTER CITY, MICH,

LOCATION.--Lat 45°54'30", long 87°45'15", in NW} sec.36, T.41 N., R.28 W,, Dickinson County, temperature recorder
at gaging station on left bank 30 ft downstream from bridge on County Highway 569, 1,8 miles downstream from
confluence of East and West Branches, and 4 miles south of Foster City.

DRAINAGE AREA.--237 sq mi.

PERIOD OF RECORD,--Water temperatures: July 1956 to September 1970.

EXTREMES, --1969-70:

Water temperatures: Maximum, 28.0°C July 1, 2, 28; minimum, freezing point on many days during December to
April,

Period of record:
Water temperatures: Maximum, 30,0°C July 1, 1963; minimum, freezing point on many days during winter periods.
REMARKS, --Complete ice cover during winter period, Recorder stopped Nov, 12 to Dec. 2, range in temperature 0,5°C
to 3.5°C, Periodic specific conductance data for this station included in samples collected at miecellaneous
sites in Michigan,

TEMPERATURE (°C} OF WATER, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH

DAY MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN
1 11.5 10.5 4.5 3.5 -— 0.0 0.0 0.0 0.0 0.0 0.0
2 13.0 11.5 440 440 ——— 6.0 0.0 0.0 0.0 0.0 0.0
3 13,0 1240 4.0 440 0.5 00 0.0 0.0 0.0 0.0 0.0
4 12.5 12.5 400 3.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0
5 13.5 12.5 440 2.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 13.5 13.0 4.0 2.5 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0
7 13.0 11.5 400 2.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 12.0 10.5 440 2.5 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0
9 11.0 9.0 440 3.0 0.0 0.0 0.0 0.0 0.0 0.0 C.0 0.0
10 12.0 1045 4.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 11.5 1040 440 3.5 0.0 0.0 0. 0.0 0.0 0.0 0.0 0.0
12 1040 8.5 — - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 840 7.5 ~—- - 0.0 0.0 0.0 040 0.0 0.0 0.0 0.0
14 8.0 7.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0
15 7.5 7.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
16 7.5 7.0 0.0 0.0 0.0 0.0 240 0.0 0.0 6.0
17 7.0 6.5 0.0 0.0 0.0 040 0.0 0.0 0.0 0.0
18 7.0 5.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19 6.5 6.0 .- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20 6.5 6.0 - 0.0 0.0 0.0 0.0 0.0 0. 0.0 0.0
21 6.5 4.5 -— 0.0 6.0 0.0 0.0 0.0 0.0 0.
22 445 3.0 - 0.0 0.0 0.0 0,0 0.0 0.0 0.0
23 3.5 1.5 -— 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26 445 2.5 -— 0.0 0.0 0.0 0.0 040 0.0 0.0
as 5.0 4.5 -— 0.0 6.0 0.0 0.0 0.0 0.0 0.0
26 5.0 540 - 0.0 0.0 0.0 0.0 0.0 0.0
27 5.0 440 0.0 0.0 0.0 0.0 0.0 0.0
28 445 3.5 0.0 0.0 0.0 0,0 0,0 0.0
29 3.0 2.5 0.0 0.0 0.0 0.0 0.0 0.0
30 3.5 2.5 0.0 0.0 0.0 0,0 0.0 0.0
3 3.5 3.0 - 0.0 0.0 0.0 0.0 -— -— 0.0 0.0
MONTH 13.5 1.5 - - 0.5 0.0 0.0 0.0 0.0° 0.0' 0.0 0.0
APRIL MAY JUNE JuLy AUGUST SEPTEMBER
0AY MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN
1 0.0 0.0 1640 12.0 15.5 1540 2840 23.0 2440 22.0 2045 16.5
2 0.0 0.0 11,5 95 145 2840 24,0 2445 21.5 19.5 1800
3 0.0 0.0 1040 8.5 14.5 2740 23.0 230 2040 19.0 12.0
4 0.0 0.0 11.5 9.0 15.0 23.0 19.5 2140 18.0 2240 18.5
5 0.0 0.0 11,5 1060 1640 23.0 17,5 23.0 19.0 22,0 19.0
6 0.0 0.0 10.5 8.0 16,5 2440 19,5 2140 18.0 21,5 2040
7 0.0 0.0 10.0 18.0 25.0 21.0 24,0 21.5 22,5 20.0
8 0.0 0.0 13.0 104 19.0 2640 2140 24.5 2140 23.0 2005
9 0.0 0.0 13.0 11.5 2040 24,0 1940 2605 2240 22,0 19,0
10 1.0 0.0 12.0 11.0 20.5 25.0 20.0 25.0 22.0 2140 18.0
11 1.5 0.0 1240 1040 21.0 2645 21.5 2445 2240 1940 1640
12 1.5 0.0 12.0 10.5 20.0 27.5 24,0 25.0 2240 18,5 16.5
13 2.0 0.5 12.0 10.0 18.5 26,5 240 25.0 20.5 16,5 15,0
14 4.5 1.5 11.5 100 17.5 26.0 2440 25.0 2240 15,5 1440
15 540 3.8 10.0 90 17.5 2440 22.0 2440 22.5 14,0 13.5
16 5.5 445 10.0 9.0 1940 2440 2040 2440 2l.0 15.0 13.0
17 5.0 4e0 13.0 8.5 1940 24,5 21.5 23.0 19.5 16+0 1440
18 5.0 440 15,0 11.5 20.0 24,0 20,5 22,5 2040 1640 15,5
19 5.0 3.5 18.0 15.0 17.0 22.0 18.0 23.0 2045 17,0 1440
20 4.0 2.5 19.0 16.0 19,0 1640 20,0 16,5 22,5 20.0 18,5 15,0
21 2.5 240 18.0 15.5 2040 15.5 2045 17.5 22.0 1840 2045 18.0
22 3.0 2.0 18.0 12.0 21.0 17.0 23.0 18.5 21.0 19.0 2040 17.5
23 5.0 3.0 17,0 13.0 23.5 19,0 2450 20.0 19.5 17.5 1840 1640
24 6.0 405 17.0 14,5 23.0 20.0 24,0 20.5 21.0 17.0 17.0 15.5
25 7.0 5.0 15,0 13.5 21,5 18,0 2600 21.0 21,8 18.5 16,0 15.5
26 1045 7.5 15.0 13.0 22.5 18.0 27.0 23.0 23.0 19.5 1640 15.0
27 12.0 9.5 13.5 11.5 22.5 19.0 2645 26,0 210 19.0 15.0 13.0
28 1440 11.5 13.0 12,0 2240 19.5 2840 23,5 22.0 19.5 13.5 12.0
29 14,0 13,0 14,5 11.5 25,5 19.5 27,5 24,5 20.5 18,0 13,5 11.0
30 1440 13.5 16,0 14.5 2640 22,0 26.5 24,0 20,5 18,0 13,0 11.0
3 --- -— 16.0 15.5 -— —— 2640 23.0 2040 17.0 -——- -

MONTH 14.0 0.0 1940 840 2640 14,5 2040 16.5 2645 17.0 23.0 11.0



STREANS TRIBUTARY TO LAKE MICHIGAN 47
04086040 LAKE MICHIGAN AT MILWAUKEE, WIS.

LOCATION, --Lat 43°04'56", long 87°50'44", SW}SW}NW} sec.12, T.7 N., R.22 W., Milwaukee County, at City of Milwaukee
public water supply intake, 1,1 miles offshore and at mile 624,40,

DRAINAGE AREA.--67,900 sq mi, Surface area: 22,400 sq mi,

PERIOD OF RECORD,--Chemical analyses: October 1969 to September 1970,

REMARKS, --Samples are taken from the raw-water tap in the Linwood Purification Plant Laboratory, Analyses are
performed by purification plant personmnel, U,S, Geological Survey, and Envirommental Protection Agency, Drain-

age area and surface area provided by EPA, Station operated by Federal Water-Quality Administration during
period August 1960 to September 1969,

CHEMICAL ANALYSES, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

o015~
DIS-  SOLVED SODIUM
TDTAL DIS-  TOTAL  SOLVED  MAG- AD- Po-
ALUM-  SOLVED  MAN- CAL- NE- SORP~ TAS-  BICAR-  CAR-
SILICA  INUM TRON  GANESE  CIUM SIUM  SODIUM  TION PERCENT  SIUM  BONATE  BONATE
(5102} (aL) (FE) (N} (ca) (MG) (NA) RATIO  SODIUM (K} (HCO3)  (CO3)
DATE  (MG/L)  (UG/L)  (UG/L)  (UG/L)  (MG/L)  (MG/L)  (MG/L) (NG/L)  (MG/L)  (MG/L)
NOV.
- - - - - - -- - - - 133 0
- -- - - -- - - - 130 o
- - - - -- - -~ 132 o
- -- - -~ - -- - - -- - 130 0
-- -- - -- - - “3 - - 1.2 129 0
- -- - - - - - -- - - 133 0
- -- ° 34 11 4.6 .2 7 1.2 132 0
- -- - - - - -- - -— 130 o
- - - - - - - 132 0
1.4 100 10 0 35 10 - -- - - 132 0
1.3 o 0 0 35 10 4.3 .2 7 1.2 132 0
1.4 - -- - -- -- - - -- - 133 o
-- - - - -— - -- -- -- - 135 o
-- -- -- 134 o
-- -~ 132 0
-- - - - - 132 0
-- - - - - -- - -- -- - 132 o
-- - - -- - -- -- - - - 134 [
-- - - -- - 134 o
- - - - -~ - 134 0
-- - -- - - - 134 0
- - - -- -- -- - - - - 133 0
-- - - - - - -- -- - - 134 [
-- - - - - 138 o
- - -- - - 138 0
-- - - -- - - - - - - 138 0
- - - - - -- - - - 120 7
- - - - - - 137 0
- - - -- - - 134 [
-- - - -- - - 128 8
- - - -~ - - -- -- - -- 134 0
- - 4.3 -- 1.0 134 [
- - -- -- 133 0
- - - - - - - -~ 125 8
- - -~ - -- - 10 12
-- - -— - - - - - - - 132 0
- - - - - - 18 B
- - - 114 8
- -- 110 12
- - - - - - - - - -- 134 0
- - - - -- - -~ -- - -~ 134 [
-- - - - -- - - 118 8
- - - - 135 [
- == - - - 134 0
- - -~ - - - - - 134 0
-- - -- - - -- - - - - 130 -
- -- - - -- - - - 133 0
- - -— - -- - - -- 133 -
- - - - - - - -- - - 122 s
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STREAMS TRIBUTARY TO LAKE MICHIGAN

04086040 LAKE MICHIGAN AT MILWAUKEE, WIS.--Continued

THEMICAL ANALYSES,
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STREAMS TRIBUTARY TO LAKE MICHIGAN
04086040 LAKE MICHIGAN AT MILWAUKEE, WIS.--Continued

CHEMICAL ANALYSES, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DIs- ors- DIsS-

SOL- SOLVED SOLVED DIS- NON— SPECE-

VED- SOLIOS SOLIDS SDLVED CAR- FIC COLOR

PHOS - (RESI- (SUM OF SDLIDS HARD- BDNATE COND- (PLAT- TUR-

PHORUS DUE AT CONSTEI~ (TONS NESS HARD- UCTANCE PH TEMP- INUM- 81iD-

(E:3] 180 C} TUENTS) PER (CA,MG} NESS (MICRO- ERATURE COBALT Iy

(MG/L} (MG/L D IMG/L} AC-FT} (MG/L) (MG/L} MHOS) (UNETS) (DEG C) UNETS) 1JTU)
- 161 - .22 132 22 - 8.2 8.3 1 3.0
«09 169 .23 133 26 B.2 7.3 1 3.0
- 157 - .21 131 23 8.2 6.0 1 3.0
il 158 - .21 133 26 - 8.2 4.7 1 1.0
04 153 .21 130 24 - 8.2 4.9 1 4.0
- - - 131 22 8.2 3.7 1 4.0
- 146 146 .20 131 22 225 8.2 3.0 1 5.0
- 153 .21 131 24 8.2 1.9 1 4.0
- 135 - .18 128 20 - 8.2 1.4 1 2.0
.02 137 150 .19 131 20 - B.2 -8 1 1.0
- 154 147 .21 130 20 8.2 .2 1 1.0
- 152 - .21 131 22 8.2 o2 1 1.0
- 158 - .21 138 28 - 8.2 .2 1 3.0
- 162 .22 129 19 e 8.2 .6 1
- 16D .22 132 24 8.2 o4 1 3.0
- 156 .21 129 21 8.2 .2 1 1.0
- 159 - .22 132 24 - 8.2 b I 1.0
-- 159 - .22 132 22 - 8.2 .4 1 2.0
+00 - - 133 23 8.2 .5 1 2.0
- -- - 132 22 - 8.2 .2 1 1.0
- - - - 132 22 - 8.2 1.1 1 1.0
- - - - 130 33 - 8.2 1.2 1 1.0
.22 159 .22 135 25 B.2 2.2 1 4.0
- 156 .21 134 21 8.2 3.4 1 9.0
- 157 .21 128 15 8.2 4.2 1 9.0
- 159 - .22 136 EL] - 8.2 5.7 1 3.0
-- 151 - .21 132 22 - B.4 544 1 3.0
-— 145 - .20 137 25 - B.2 6.2 1 2.0
.02 159 - .22 132 22 - 8.2 6.7 1 1.0
- 147 - «20 130 25 -- Bed 5.9 1 2.0
- 143 - .19 130 20 - 8.0 T.4 1 1.0
.02 157 - 21 130 20 - 8.0 5.9 1 1.0
- 156 - .21 130 21 - 8.1 T.2 1 1.0
- 162 - .22 129 14 - Be4 9.3 1 1.0
- 143 - .19 130 0 - 8.4 BeS 1 1.0
- 163 - .22 129 21 - 8.2 Teb 1 1.0
«D1 160 - 22 131 8 - 8.5 10.4 1 1.0
- 149 - .20 130 10 - Be4 10.7 1 1.0
- 155 - .21 130 20 - Be 12.9 8.0
- 163 -- .22 128 18 ~-- 8.1 10,2 1 1.0
.00 163 - .22 130 20 8.2 1.2 1 1.0
- 156 - .21 132 8 B.5 13.8 1 1.0
- L&l - .22 131 20 8.0 T.4 1 1.0
-— 155 -- .21 130 20 - 843 10.4 1 1.0
- 150 - +20 131 21 - B.0 B.% 1 1.0
+01 161 - .22 130 20 276 8.0 5.2 1 1.0
- 159 - .22 130 21 - 8.0 6.9 1 2.0
- 154 - 21 131 22 - B.2 6.6 1 1.0
- 149 - «20 128 20 - 8.4 9.9 1 1.0
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STREAMS TRIBUTARY TO LAKE MICHIGAN

04086040 LAKE MICHIGAN AT MILWAUKEE, WIS,--Continued

CHEMICAL ANALYSES,
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100

99
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DEMAND

1
10
8

WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970
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1.0

1.4
7

l.6
.8

coti-
FORM
{coL-
ONIES
PER
100 ML}
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CARBON
ALC OHOL
EX-
TRACT
ABLES
wersey

CARBON
CHLORO~
FORM
EX-
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STREANS TRIBUTARY TO LAKE MICHIGAN 51

04106000 KALAMAZOO RIVER AT COMSTOCK, MICH.

LOCATION,--Lat 42°17'05", long 85°30'50", in NE} sec.19, T.2 s., R.10 W., Kalamazoo County, temperature recorder at
gaging station on left bank at downstream side of bridge on River Street in Comstock, 0.2 mile downstream from
comstock Creek,

DRAINAGE AREA.-.1,010 sq mi, approximately,

PERIOD OF RECORD,--Water temperatures: December 1968 to September 1970,

EXTREMES, ~-1969.70:
Water temperatures: Minimum, freezing point on several days during December and January,

Period of record:
Water temperatures: Maximum, 32,0°C July 15-17, Aug, 29, 1969; minimum, freezing point on several days during
winter periods,
REMARKS,--No temperature record Dec. 7-31, May 30 to Sept. 30 due to recorder failures, Flow regulated by power-
plant above station, Chemical analyses for this station included in samples collected at miscellaneous sites
in Michigan,

TEMPERATURE (°C) OF WATER, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH
DAY MAX MIN MAX MIN MBX MIN MAX MIN MAX MIN MAX MIN
1 21.0 15.5 12.0 8.5 6.0 1.5 0.5 0.0 5.5 1.5 4.5 1.5
2 22.0 18.0 8.5 8.5 640 1.5 4.5 0.0 5.5 1.5 7.0 1.0
3 22.0 18.0 13.0 8.5 6.0 1.0 440 0.0 7.0 1.5 Sa0 1.5
4 23.0 19.0 13.0 8.5 640 3.0 5.5 0.0 7.0 1.5 5.0 3.0
s 2240 18.0 13.0 8.0 6.5 1.0 640 0.5 7.0 3.5 6.5 3.0
6 23.5 18.0 12.0 740 6.0 0.5 645 1.5 6.0 3.5
7 22.0 18.0 11.5 840 5.0 2.0 6.0 3.0 5.5 445
8 2240 1840 11.5 845 6.0 1.5 6.0 1.5 5.0 3.0
9 20.5 15.5 10.5 8.0 6.0 3.5 6.5 1.0 445 3.0
10 20.0 15.5 13.0 845 5.5 0.5 6.5 1.5 640 3.0
11 19.0 15.5 13.0 8.5 440 0.5 645 1.5 645 3.0
12 18.0 15.5 11.5 8.5 5.0 0.5 6.5 1.5 740 3.5
13 18.0 14.5 110 8.0 5.5 0.0 7.0 3.5 7.0 4.0
14 18.0 14.5 11.0 6.5 6.0 045 7.0 40 640 4.5
15 16.5 13.0 10.0 4.5 6.0 1.5 6.0 140 6.0 1.5
16 16.0 12.0 6.5 3.0 5.5 2.0 7.0 1.0 7.0 1.5
17 15.5 1140 9.0 3.0 4,0 0.5 7.0 3.5 840 3.0
18 1440 10.0 10.0 4.5 3.5 0.0 6.5 1.5 840 440
19 13.5 9.5 100 5.5 5.0 1.0 S0 1.0 9.0 3.5
20 14.0 10.5 8.0 3.5 6.0 3. Se0 1.5 8.5 440
21 12.0 11.0 6.0 2.0 8.0 1.0 8.5 6.5
22 14.5 1045 5.5 4.0 7.0 3.0 840 5.5
23 13.0 8.5 5.5 2.0 6.5 1.0 84S 4.5
24 12.0 840 6.5 2.0 6.5 3.0 9.0 5.0
25 12.0 8.0 7.0 3.5 6.5 1.0 90 4.5
26 12.0 9.0 8.0 3.5 6.5 1.0 8.0 3.5
27 13.5 9.0 8.0 3.5 6.5 1.0 7.0 3.0
28 13.0 8.5 6.0 3.0 6.5 1.0 8.0 3.5
29 12.0 840 5.5 2.0 e 6.5 1.0 7.0 3.0
30 11.5 7.0 4.5 1.5 -— 6.0 1.0 9.0 3.0
£ 12.0 8.0 - - - - 6.0 1.5 9.0 4.0
MONTH 23.5 7.0 13.0 1.5 -— -~ 8.0 0.0 8.0 1.0 9.0 1.0
APRIL MAY JUNE JuLy AUGUST SEPTEMBER
0AY MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN
1 9.0 Se 21.0 2040 fatand b
2 840 4e0 17.0 16,5
3 7.0 3.5 16.5 13.5
4 8.0 4e0 16.0 13.0
s 7.0 4.5 1640 13.5 - -— ——- ———
6 8.5 5.5 15.0 -—
7 9.0 5.0 1640 -
8 10.0 7.0 17.0 -
9 10.5 9.0 19.5 -
10 10.5 9.0 18.5 -—-
11 940 3.0 20.5 -—
12 8.5 6.0 20.5 -
13 840 7.0 19,5 -
14 9.5 740 18.5 —-
15 11.0 8.0 16.5 ——-
16 12.0 9.5 16.5 —
17 13.0 10.5 15.5 -
18 13.0 10.5 17.0 -—
19 11.5 9.0 19.0 ---
20 1045 845 23.0 —_—
21 10.5 8.5 23.0
22 10.5 7.0
23 12.0 9.0
24 14.0 10,5 -~
25 14.5 13.0 -
26 16.0 1440
27 18.5 15.5
28 19.5 17,0
29 21.0 18.5
30 21.5 2
31 -




52 STREAMS TRIBUTARY TO LAKE MICHIGAN

04106300 PORTAGE CREEK NEAR KALAMAZOO, MICH,

LOCATION,--Lat 42°14'46", long 85°34'33", in SE} sec.34, T.2 S., R,11 W., Kalamazoo County, at gaging station on
left bank 25 ft upstream from bridge on Lover's Lane and 3,0 miles south of Kalamazoo,

DRAINAGE AREA,--22.4 sq mi,

PERIOD OF RECORD.--Chemical analyses: April 1968 to October 1970,
Water temperatures: July 1968 to October 1970,

EXTRENMES, --1969- 70:
Specific conductance;

Maximum recorded, 820 micromhos May 15; minimum, 220 micromhos July 19,
Water temperatures: °

Maximum, 26,5°C June 30; minimum, 2,0°C on one or more days during Dec, 24 to Jan, 16,

Period of record:
Specific conductance: Maximum recorded, 1,200 micromhos May 17, 1969; minimum, 220 micromhos July 19, 1970,
Weter temperatures: Maximum, 26,5°C June 30, 1970; minimum, 2,0°C on one or more days Dec, 14, 1968 to
Jan. 14, 1969, Dec. 24, 1969 to Jan, 16, 1970,

REMARKS,--No record of specific conductance Dec., 6-17, Feb,
ment, No temperature record due to clock stoppage Nov,
Jan, 16, range 2,0°C to 10,5°C; May 15 to May 21, range
withdrawn by industry from wells and discharge into the

20 to Dec, 23, rardge 3,5°C to 11,5°C; Dec., 24 to
14,0°C to 24,0°C, Streamflow includes ground water
stream two miles above the station,

CHEMICAL ANALYSES, WATER YEAR OCTCBER 1969 TC SEPTEMBER 1970

DIS=
DIS~ SOLVED
TOTAL SOLVED MAG= PO=
TOTAL MAN= CAL~ NE~- TAS=~
Dis- SILICA KON GANESE CIUM SIuM SODIUM SIUM
TIME CHARGE (S102) (FE) (MN) (CA) (MG) (NA) (K)
DATE (CFS) MG/sL) {(us/sL) UG/t (MG/L) (MG/L) (MG/L) (MG/L)
acT.
2less 1200 45 14 - - 66 18 1n 1.7
FEt o
16400 1100 38 10 - el 67 17 13 6
DIS-
DIS- SOLVED Dis-
ALKA=- SOLVED SOL.IDS SOLVED
BICAR- CAR= LINITY CHLO- FLUO= (RESI- SOL1DS
BONATE BONATE AS SULFATE RIDE RIDE NITRATE DUE AT {TONS
(HCO3) (Co3) CACO3 (504) (CL) {F) (NO3) 180 C) PER
DATE (MG/L) MG/L) (MG/L) (MG/L) {MG/L) (MG/L) (MG/L) (MG/L) AC-FT)
0CT.
2lees 232 0 190 35 19 .1 5.3 297 40
FEB.
1640 240 0 197 33 24 .2 7.1 321 b4
01S- NON= SODIUM SPECI~-
SOLVED CAR= AD=- FIC coLoe
SOLIDS HARD= BONATE SORP- COND - (PLAT-
(TONS NESS HARD= PERCENT TION UCTANCE PH INUM=-
PER (CASMG) NESS SODIUM RATIO {(MICRO- cosaL T
DATE DAYY (MO/L)Y (MG/LY MHOS) {UNITS) UNITS)Y
0cT,
2lees 3641 239 49 & 3 87 7.3 15
. 32.9 237 40 11 o4 S04 Tt S

SPECTIFIC CDNDUCTANCE (MICROMHDS/CM AT 25°C), WATER YEAR CCTDBER 1969 TD SEPTEMBER 1970

10-15, Sept, 11-16, due to malfunctions of the instru-

neTrREY NOYEMR L NECEMRER IANHIARY £1ROIARY MARCH
nay MAYEMIM  MIATMOM  MACTMEM  MTWTMIM  MAX MM MIAEM{EA  MACTMIEM MR TMiIM MAX MM MIA AL MACIMITA M T W
500 “uc “R0 arn ot ann “an ke —an et wn P
“00 4RO 470 470 s10 4N arn aen “n e “en wut
480 aRn 510 70 ano ann ~ 00 avn 470 “r e s “t
“an atn 420 “h0 wan 4’ s wap wrn an wan o
s0n 470 4R0 “hn 5 T wan w10 avn san A an P
S0 40 &80 L4760 -- -- ann ann san Pt can o
s00 arn ash a0 . a?n Lnn w0 et SN PoYs
- -- 470 470 - wn aan “in Zat [N “
-- arn ain -— whn anr aun “n Len o
— - 4r0 470 - - a10 wnn - -- “nn wr
- - 10 440 ~= - a7n ann -— — gl dn
- ann “0n - Lun ane - [ At
-- 500 500 - w70 ann apn e
- Lald] 50N -- Pl are - san it
- -- qul aaQ - - 4en 4n -- - nrn n
-= - S10 4490 -- - S0n a7n -- - whl we
-- - &30 400 - -- a0n wsn w20 e “3n win
- - 30 4a0 Faf win S10 wn €ar s wan w!
- - a0 o fc arn ann wt cur P “en W
- - 10 auQ a5 “7n “7n &nt £nn o won “
- -~ sa0 a1n w70 “h RN w70 e wr g P
s00 ane s30 S00 as 470 4K Lnn ann P g wu
wun Lon w0 s0n w70 ahn aKn win aun wan s -
“00 war 810 Sl un whh “an e P Gt an A
w00 aun 210 w0 wn a0 non “nn wen wan o0 “
a10 aun a0 ann st ann r20 an Gt sen P
~an aar Ean aaq i “ng aur “rn we i wn o
“1n v nal Lo ann “n0 hon wws ae Lan s
-nn wue whn wan PEYe ann A0 s - an a e
S0 aty “an wan 70 ann arn aan - “HO 4
won “hn -— - P ann (ST Ao - — £ 0 P
AVFR AL~ -- - A4 w79 - - ~ou wnr - - oy a~



STREAMS TRIBUTARY TO LAKE MICHIGAN 53
04106300 PORTAGE CREEK NEAR KALANAZOO, MICH,--Continued

SPECIFIC CONDUCTANCE (MICROMHOS/CM AT 25°C), WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

APRTL MAY MINE KON AVRIIST SEPTEMHER
nav MACTIMIM  MINIMUM  MAXTMUM  MINEMOM  MAXTMIM  MINIMUM  MAXTMOM  MINTMEM MAXTMIM  MENTMOM  MAXTMIIM MM T

4RO 470 500 490 s00 320 510 wnn 4rn ann aan arn
«aq «50 490 4q0 480 “0n 500 2 &40 asr P sun
490 470 550 asn 500 auQ a0 enn R0 3721 ag0 ay
470 460 500 4q0 500 «an 470 40 4anp 470 v W
ahn as0 500 430 520 500 470 “rn s1n 470 4Rr0 akl
4nn 450 san 480 50N 500 480 470 490 arp “n0 s
510 “s0 4Rn 4np Sh0 snn non “70 s20 ann wan 150
470 430 480 480 5720 510 ~a @20 530 70 “hO ali
490 “h0 830 4RO s10 500 s0n “on a50 arn L70 Ler
490 4RO “80 4“0 S20 500 520 wyn 8)f arn a7 4
490 490 “90 “np S10 S00 S00 490 510 won --
S00 s00 aun 300 500 500 «an aon a1 aa -
500 ann A0 430 500 490 “nn aun 500 s0n - -
s3n &70 ann a0 san 4nn san ant ann a0n -- --
500 490 820 400 4R0 460 ho0 ace sin 500 - --
500 500 “h0 w20 an0 4RO S0 hon |00 “nn - -
510 sn0 53N 460 500 4RO 500 noe a0 nat -— -
500 500 520 49n 53n 490 500 w50 510 ant “10 N
500 29n 580 500 S50 wa0 “RD 220 81N “nn w10 aun
ahkn 420 s20 s00 s20 510 w40 2un s20 wrn “10 au
LhN 400 820 500 S0 “?0 4RO san sa0 Nir Ealdl b
500 wh0 R30 520 ~10 4R &un wrn a0 Lrn a1 Qo0
4an 4Rn 520 «0n 500 4an SO aan 490 a0 =00 ae
«90 “en S00 s00 s00 s ang w70 s10 aar Lan aon
540 490 500 4”0 snq “an sS40 snn 520 ~1n La0 4a
s0n 4RO 550 ~0n a0 AR0 510 ann 10 s0on a0 fun
S00 4RO s10 500 “R0 4n S s00 0N nO aRn & r
“an 400 510 500 470 41n w20 Sio s00 cnn 470 ane
s1n “R0 ARO wan S00 w70 4RO 240 ae0 aan ann ann

30, 500 470 490 wan han 490 S00 AN PR 4a wan P

ELERREN - - 490 480 - - wan 4an w9n wpn -— -

AVFRACF 497 A3 S1A h1 ane 73 aua wasn ane 4asn - -

TEMPERATURE (°C) DF WATER, WATER YEAR DCTOBER 1969 TO SEPTEMBER 1970

OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH

DAY MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN
1 18.0 12,0 14,5 13.0 —— -— - - 9.0 6.5 10.0 95
2 17.0 15.5 13.0 12.0 —— -—- ~- -— 6.5 4,5 11.5 10,0
3 19.5 14,5 13.5 12.0 —— — —— — 6.0 4.0 11.0 .5
“ 18.0 15,5 12,0 11.0 — bt — 10.5 6.0 10.0 8,5
5 17.0 14,0 13.5 10.5 Lond ——— — 10.5 8.5 13.0 €.5
6 18.0 1S.0 13,5 10.0 —— ——— - 12.0 8.5 11.0 8.5
7 17.0 15.0 13.5 10.0 R — 10.5 9.0 11.5 8.5
8 15.5 13.5 12.0 11.0 —— ——- 9.5 8.5 9.5 7.0
9 16,0 11.5 13.5 11.5 —— - — 11.5 8,5 11.5 7.0
10 15.5 13.5 15.0 12.0 - -— - — 10.5 8.0 11.5 8.5
11 16.5 1540 1545 13.5 — —— - - 10.0 Te0 13.0 7.0
12 15.0 1440 14,5 13.5 —-—- -—- ~—- 9.5 6.0 12.0 A5
13 16.0 1440 14.5 12.0 -— — ——= 8.5 Se0 11.0 8.5
14 14,5 11.5 13.0 11.5 -—- -— - 9.5 6.0 10.5 8.0
15 13.0 945 11.5 1p.0 —— —— —— — 10.5 6.0 10.5 6.5
16 13.0 12.0 12.0 10.0 -— —— ll.0 8.0 11.5 6.5 11,5 8.0
17 14.0 10,5 14,0 11.0 - .- 10.0 7.0 11.5 7.0 13.0 8.0
18 13.0 10,5 la,5 13.0 -—- -— 8.5 6,5 10.5 6.0 11.5 10.5
19 13.0 11.5 13.0 8.5 -—- — 9.0 6.0 9.0 6.0 1440 9.0
20 14.0 13.0 10.0 8.0 —— - 6.5 5.0 6.5 10.0 1.5 9.0
21 1400 11.5 11.0 8.5 - m— 8.5 5.5 l1.0 7.0 15.0 9.0
22 13.0 10.5 9.5 845 —— 9.0 6.5 13.5 8.5 12.0 10.5
23 1240 9.5 1l.0 10.0 5.0 3.5 9.0 5.5 13.0 8.0 1445 10.0
24 13.0 9.5 1240 9.5 — — 9.5 8.0 13.0 845 12.0 9.5
25 15.0 11.5 11.5 945 -——- - 10.0 8.5 11.0 7.0 12.0 9.0
26 14.0 13.0 1l.0 9.0 bt - 9.5 8.0 8.5 545 8.5 445
27 14.0 11.5 ll.0 8.5 — —— 10.0 8.0 l0.5 8.5 13.0 7.0
28 l4.0 11.0 1l.0 9.0 - —— 9.0 840 11.5 6.0 13.0 8.0
29 1440 11.0 8.0 7.0 -— -— 9.0 6.5 - -—- 12.0 6.5
30 13.5 1l.0 9.0 8.0 -— - 10.0 6.5 aaa —-—— 13.5 7.0
31 14.0 12.0 —— -—— - — 10.0 7.0 — - 13.5 8.0

MONTH 19.5 9e5 15.5 7.0 b -=- -—— - 13.5 4e0 15.0 445



54

TEMPERATURE (°C) OF WATER,

APRIL
DAY MAX MIN
1 11.0 7.0
2 10.0 4.5
3 12.0 8.0
4 13.5 840
5 13.5 8.0
[ 10.0 8,5
7 14.0 740
8 15.0 8,0
s 14.0 8.5
10 14.5 9.0
11 11.0 9.0
12 13,5 9.0
13 11.5 9.5
14 16.5 1040
15 18.0 10.5
16 16.0 12.0
17 18.0 11.5
18 13.5 11.0
19 12.0 9.5
20 13.5 9.5
2t 13.0 10.0
22 16,0 10.0
23 18,5 13.0
24 19.5 1440
25 19.5 13.0
26
27
28
29
30
31
MONTH

STREAMS TRIBUTARY TO LAKE MICHIGAN

04106300 PORTAGE CREEK NEAR KALANAZOO, MICH.--Continued

MAY

MAX MIN
20,0 17.0
16,5 14.0
19.0 12.0
20.0 14,5
2040 14.0
19.0 12.0
19,0 13.0
23.0 15,5
21.0 16,5
21.5 16,5
20.5 16,5
18,5 16,5
18,5 15,5
15.5 14,5

24,0 18.0
20.5 19,0
2240 18.0
210 19.0
20.0 15,5
20,5 15.5
23,5 16.5
2440 16.5
2240 18.5
20.5 19.0

JUNE JuLy
MAX MIN MAX MIN
20.5 19.0 26.0 20,5
20.0 18.9 25.5 21,0
20.5 15.5 25.0 20.5
210 15.0 21.5 18.5
22.0 16.5 22.0 16.0
22.0 16.5 22.0 16,5
23.5 16,5 23.5 18.0
264.5 18.0 21.0 19.0
24,5 18.0 20.5 18.0
24.5 18.5 2040 18,5
24,5 18,5 23.5 18.0
25.5 19.5 24,5 19.0
23.5 19.0 2440 19.5
2440 18.0 24.5 20.0
21.5 18.5 23.5 20,0
18,5 2h.0 18.5
20.0 23,5 18,5
2040 2l.0 19,5
18.0 19.5 17.0
16.0 18.5 17.0
16.0 2045 16.0
16,0 21.5 16,0
17.0 19.5 17,0
18.5 20.5 18.0
16.0 23.5 19.0
16,5 23.5 19,5
15.5 24,0 20.0
2640 20.5
2440 2045
23.0 20.5
25.0 20.5
26.5 15.0 2640 16.0

WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

AUGUST SEPTEMBER
MAX MIN MAX MIN
25.0 20.5 21.5 18,5
2440 19.0 2045 1640
23,5 2060 21,5 19.5
21.0 18.0 21.5 19.5
20,5 17.0 2240 18.5
22.0 18.0 20.0 18,0
23.0 18,5 2240
22.0 19.0 22,0
23,0 19.0 22.0
23,5 19,5 20.5
23,0 19,0 20.0
21.5 19,5
23.0 18.5
23.5 19.0
23.0 19.5
23,5 20.5
23.0 18.5
20,5 18.5
21.5 2060
23.5 19.5
21.5 18,5
19,0 16.5
20.0 15.5
20.5 16.5
21,5 17.0
23,0 18,5
23,0 19.0
23.5 19,5
21.0 19+0
23.5 19.5
21.5 18,5
2S.0 15.5 12.0

04106770 KALANAZOO RIVER NEAR COOPER CENTER, MICH,

LOCATION,--Lat 42°22'38", long 85°34'45", in NE} sec,22, T.1 S,, R.11 W,, Kalamazoo County, on left bank 50 ft down-
stream from "D" Avenue bridge, 5 miles north of Kalamazoo.

DRAINAGE AREA.--1,248 sq mi.

PERIOD OF RECORD,--Chemical

analyses: October 1968 to September 1970.

Water temperatures: August 1968 to September 1970.

EXTREMES,-~-1969-70:
Specific conductance:

Period of record:
Specific conductance:
Aug. 3, 1970.

19.

Maximum recorded, 830 micromhos Jan. 28, 29; minimum recorded, 410 micromhos Aug. 3.
Water temperatures: Minimum, 2.0°C Dec. 25, 26, Jan. 2, 4, 5, 18,

Maximum recorded, 830 micromhos Jan, 28, 29, 1970; minimum recorded, 410 micromhos

Water temperatures: Maximum, 32,0°C Aug. 23, 24, 1968; minimum, 1.0°C on several days in January and February.

REMARKS,--No temperature record Nov, 28-Dec., 19; clock stopped range 3,0°C to 5,0°C, No temperature record

May B8-Sept, 31; temperature probe severed,

No conductance record Oct,

Sept., 30, due to malfunctions of instrument.

1 to Jan, 19, Mar, 8-19, Aug. 21 to

CHEMICAL ANALYSES, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DIsS-
DIs~ SOLVED
TOTAL SOLVED MAG- PO-
TOTAL MAN- CAL=~ NE= TAS=
DIS= SILICA IRON GANESE CIuM SIUM S00IUM SIUM
TIME CHARGE (S102) (FE) (MN) (CAY (MG) (NAY )
DATE (CFS) (MG/L) (UG/L) we/L) (MG/L) (MG/L) (MG/L) (MG/L)
0CT.
2lese 1300 1200 12 - - 9 21 17 3.0
FEB.
19... 1330 - 7.3 - - 89 21 26 le4
DIS-
DIS= SOLVED DIS=
ALKA~ SOLVED SOLIDS SOt VED
BICAR~ CAR~ LINITY CHLO- FLUO- (RESI-  sOL10S
BONATE  BONATE AS SULFATE  RIDE RIDE  NITRATE  DUE AT (TONS
(HCO3) (C03) CACO3 (504) (CL) (F) (NO3) 180 C) PER
OATE (MG/L) (MG/L) (MG/L) (MG/L) (MG/L) (MG/L) (MG/L) (MG/L) AC-FT)
0CT,
2lese 260 0 213 59 28 .2 4e9 356 <48
FEB.
19... 276 0 226 63 40 o3 5.8 389 53
DI1S- NON- SODIUM  SPECI~
SOLVED CAR~ AD- FIC COLOR
SOL1DS HARD~ BONATE SORP~ COND- (PLAT=
(TONS NESS HARD~ PERCENT T1ON UCTANCE PH INUM-
PER (CAIMG) NESS SODIUM  RATIO (MICRO~ COBALT
DATE DAY) (MG/L) (MG/L) MHOS) (UNITS) UNITS)
ocT.
2less 1150 284 T0 11 .4 607 Tel 15
FEB.
1900 — 309 82 15 13 680 7.0 0
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DAY

CW~NE VFwN—

SPECIFIC CONDUCTANCE (MICROMHDS/CM AT 25°C), WATER YEAR OCTOBER 1969 TD SEPTEMBER 1970

OCTOBER

APRIL
MIN

540

STREAMS TRIBUTARY TO LAKE MICHIGAN

04106770 KALAMAZOO RIVER NEAR COOPER CENTER, MICH,-~Continued

NDVEMBER

MAX

MIN

DECEMBER

MAX

JUNE

MIN
480

JANUARY

JuLy

MIN

FEBRUARY
MAX MIN
660 630
650 610
650 620
650 610
730 640
730 670
720 650
700 650
700 650
710 650
710 660
700 670
710 680
710 670
670 650
680 600
720 680
120 660
690 640
680 640

650
660
670
670
640
630
630
610
730 600
AUGUST
MAX MIN

55
MARCH
MAX MIN
600
610
640
600
590
560
520
600
620 600
600 580
590 560
590 580
590 570
S60 530
560 540
550 520
550 530
840 520
560 530
SEPTEMBER
MAX MIN




56

o
B
3

SOV~ VPwh~

19.5

19.0

STREAMS TRIBUTARY TO LAKE MICHIGAN

04106770 KALAMAZOO RIVER NEAR COOPER CENTER, MICH,--Continued

TEMPERATURE

OCTORER
MIN

19.5
20.0
2040
20.5
19.5

APRIL

{°C) OF WATER,

NOVEMBER

MAX

12.0
11.5
11.5
11.5
11.5

11.5

conne DOO®~

toyr vueooo

coewmo

MIN

11.0
10.5
10.0
10.5
16.0

10.5
10.5
1045

DECEMBER

JUNE

JANUARY

JuLy

MIN

2+5
2.0
2.5
240
2.0

WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

FEBRUARY
MAX MIN
4e0 3.5
3,5 3.0
3.5 3.0
4.0 2.5
6.0 4e0
6.0 40
5.5 4.0
5.0 3.5
5.0 3.9
5.5 4.0
5.5 4.5
S0 4.0
5.0 445
5.0 445
4.5 3.0
5.5 3.0
6.0 S.0
645 Se0
55 4e0
440 3.5
445 4o
5.0 445
6.0 3.5
75 6.0
7.5 5.5
6.0 540
640 6.0
640 4.5

AUGUST

MARCH
MAX MIN
5.0 3.5
5.5 40
6.0 5.0
6.0 5.5
6.5 S.0
6.5 540
5.5 5.0
S.0 4.0
4v0 3.0
4.5 3.0
S.5 3.5
5.5 4.5
5.5 445
5.5 4eS
5.5 445
7.0 445
840 6,0
Be0 645
Be0 70
8.0 645
8.5 7.5
B.5 7.0
8.5 7.0
8.5 7.0
8.0 7.5
7e5 405
6.0 5.0
6a5 5.5
6.5 5.5
7.5 4al)
9.0 7.5
9.0 3.0
SEPTEMBER
MAaX MIN




STREAMS TRIBUTARY TO LAKE MICHIGAN
04111000 GRAND RIVER NEAR EATON RAPIDS, MICH.

LOCATION, --Lat 42°32'05", long 84°37'25", in NE} sec.26, T,2 N,, R.3 ¥., Eaton County, temperature recorder at
gaging station on right bank 400 ft upstream from bridge on Petrieville Highway, 2 miles northeast of Eaton
Rapids, 2.5 miles downstream from Spring Brook, 25 miles upstream from Cedar River, and at mile 178,

DRAINAGE AREA,--661 sq mi.

PERIOD OF RECORD,--Water temperatures: October 1963 to September 1970,

EXTREMES, --1969-70:

Water temperatures: Maximum, 26,5°C July 3; minimum, freezing point on several days during December to
February,

Period of record:

57

Water temperatures: Maximum, 35,0°C Aug, 2, 1964; minimum, freezing point on many days during winter periods,

REMARKS,--No temperature record due to clock stoppage Oct, 4 to Nov, B, range 6,5°C to 16.5°C; Nov, 8 to Dec. 6
range 3,5°C to 8,5°C; Dec, 9 to Jan. 2, range 0.0°C to 1.0°C,

TEMPERATURE (°C) DF WATER, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

0CTOBER NOYEMBER DECEMBER JANUARY FEBRUARY MARCH

DAY MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN
1 16,5 —— — - 0.0 J 240 2.0
2 16.5 —-— —— —— 0.5 n 2.0 2.0
3 16.5 0.5 0.5 0.0 0.5 240 2.0
4 —— -——— 045 0.5 1.0 1.0 240 1.5
5 —-—— ——— —— 0.5 0.5 1.0 1.0 2.0 1.5
6 -—— -— -— 0.5 0.5 0.0 0.0 1.0 1.0 240 1.5
7 —— -——— 0.5 0.5 0.0 0.0 1.0 1.0 240 1.5
8 ——— 0.5 0.5 0.0 0.0 1.0 1.0 240 1.5
9 —— —-——— — 0.0 0.0 1.0 1.0 2.0 1.5
10 —- — —— — — 0.0 0.0 1.0 1.0 2.0 1.5
11 _— —— — - 0.0 0.0 1.0 .0 2.0 1.5
12 -—— —— 0.0 0.0 1.0 1.0 2e0 240
13 —— — 0.0 0.0 1.0 1.0 2.0 2.0
14 - - ce- oy 0.0 0.0 1.0 1.0 240 1.5
15 ——— ——— -— -——— 0.0 0.0 1.5 1.5 1.5 2.0
16 — ——— —— -— 0.0 0.0 1.5 1.5 1.5
17 ——- ——— —— . 0.0 0.0 1.5 240 1.5
18 —— -—— 0.0 0.0 1.5 240 2.0
19 — —— 0.0 0.0 1.5 3.0 240
20 — — —— —— 0.0 0.0 1.5 3.0 3.0
21 - — - — — 0.5 0.5 1.5 440 3.0
22 — ——— - - po— 0.5 0.5 1.5 440 4.0
23 — -—— ——— -—— —— 0.5 0.5 1.5 440 4.0
24 — —— — —— ——— ——- 0.5 0.5 1.5 4.0 440
25 — ——— -— — — — 0.5 0.5 1.5 445 440
26 - - ——— —— - 0.5 0.5 1.5 [ 3.0
27 —-—— — -— 0.5 0.5 1.5 3.5 3en)
26 — —— -— 0.5 0.5 1.5 3.5 3.0
29 — ——— — 0.5 0.5 -— 3,5 3.5
30 — —— — ——- 0.5 0.5 ——- 3.5 3.5
31 ——— ——— —— - -— —— 045 0.5 ——— -——— 3,5 3.5
MONTH -— - — ——— -—— -— 045 a 1.5 0 445 1.5
APRIL MAY JUNE JULY AUGUST SEPTEMBER

oAy MAX MIN Max MIN MAX MIN MAX MIN MAX MIN MAX MIN
1 3.5 3.5 19.0 19.0 17.5 17.0 2640 23.5 26.0 25.0 2040 18,5
2 3.5 3.0 19.0 16,5 17.5 17.5 2640 25.5 25.5 24,5 20.5 17.0
3 3.0 2.0 16.5 15.0 17.5 17.0 2645 25.5 2540 2440 2045 200
4 440 3.0 16.5 15.0 17.0 1640 2440 2440 24,0 23.0 ?l.0 20e0
S 4an 3.5 16,5 15.0 18.0 16.5 2440 22.0 23.0 2240 22.5 19,5
6 445 4.5 1640 15.0 19.0 17.0 23.5 21.5 23.0 21.5 21.5 20.0
7 4.5 4.5 16.0 15.0 20.0 1840 23.5 21.5 23.0 21.5 22.0 2040
8 5.5 Se0 17.0 15.0 21.5 19.5 23,5 22,0 23.5 22.5 22,0 22.0
9 7.0 6.0 18,0 17.0 22.0 2045 2240 21,5 23,5 22.5 21,5 19.5
10 7.0 740 18.0 18.0 23.5 2240 21.5 21.5 2440 23,0 21.5 19.0
11 7.0 7.0 18,5 18.0 2445 22.5 22.0 21.0 2440 21.5 19.5 16,0
12 8.0 7.0 18.5 18,0 2645 23.5 24,0 21,5 25.0 23.0 19.0 16.0
13 8.0 840 18.0 16.0 23.5 2245 2440 23.0 2540 2340 17.5 16.0
14 8.0 840 16,0 15.0 22,5 2l.0 26,5 24,0 24.5 23.0 16.0 14,5
15 9.0 8.0 16.5 14,5 21.5 21.5 25.0 24,5 24.5 23.5 16,0 14,5
16 9.5 Se0 15,5 15.5 22.5 21.5 25.0 2340 2545 24490 16.5 15.5
17 1065 9.5 15.5 15.0 24.0 225 25.0 23.5 24.5 22.5 16,5 15.5
18 10.5 10.5 16,0 15.0 2440 22.5 25,0 24.0 2440 22.5 16.0 16.0
19 10.5 10.0 17.0 16.0 23.0 2240 2440 22.5 2245 2245 17.0 16.0
20 10.0 3.5 18,5 17.0 22.0 20.5 22,5 20.5 23,0 22.0 17.0 17,0
21 9.5 9.5 20.0 18.5 2140 2045 2045 18.5 2340 20.0 19.0 17.0
e2 10.0 9.5 205 2040 2045 19.0 20.0 19.0 22¢0 2045 19.0 19.0
23 1.0 10.0 20.5 20.5 21.5 19,5 20.0 19.5 21.0 2040 19.0 16,5
24 13.0 11.0 20.5 2040 21.5 20.5 20,0 19.5 21.0 2040 18,5 18,5
25 14,0 13.0 2040 19.5 22,0 20.0 21,0 20.0 22,0 20.0 18,5 17.9
26 15.5 14.0 19.5 18.5 22.0 19.0 23.0 21.0 22.5 21.0 18.0 17.5
27 17.0 15,5 18,5 18.0 19.5 17.5 24,0 23.0 2340 21.0 17.5 16.5
28 17.0 17.0 18.0 17.0 19.5 19.0 26445 2440 23.0 2240 16,5 15.0
29 1%9.0 17.0 17.0 16,5 20.5 19.5 25.0 26,5 23.0 21,0 15.0 13.0
30 19.0 1%.0 17.5 17.0 23.5 2045 25.0 25.0 23.0 2140 13.5 13.0
31 -— - 17.5 17.5 —— — 25.5 2540 22.0 19,5 -—— ——
MONTH 19.0 2.0 20.5 14.5 2645 16.0 26,5 18.5 26.0 19.5 22.5 13.0
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LOCATION,--Lat 42°45'02", long 84°33'19", in NW} sec.9, T.4 N., R.2 W,, Ingham County, ‘temperature recorder at

STREAMS TRIBUTARY TO LAKE MICHIGAN

04113000 GRAND RIVER AT LANSING, MICH,

gaging station on right bank 30 ft upstream from birdge on North Grand River Avenue in Lansing, 2 miles down-

stream from Cedar River, and at mile 152,

DRAINAGE AREA,--1,230 sq mi, approximately.

PERIOD OF RECORD, --Water temperatures:

EXTREMES, --1969-70:

Water temperatures:

Period of record:
Water temperatures (1966-70):
during winter periods 1967, 1968.

pay MAx
1 25.0
2 25t
3 2540
4 2445
5 23.5
6 2344
7 23.5
8 2345
Y 2440
10 22.0
11 23.0
12 2le0
13 210
14 2le0
15 1945
16 18,5
17 1845
s 16,5
19 15.0
20 16.0
21 17.0
22 1740
23 15.5
24 1S5.0
25 15.5
26 13.5
27 laoS
28 5.5
29 14.5
30 15.5
31 15.5
MONTH 2540
DAY MAX
1 840
2 7.0
3 5.5
“ 5.5
k] 6.0
6 6a0
7 6ol
B Bel
9 9e0
10 9.0
11 Se
12 Bell
13 8¢5
14 9e5
1> 105
16 11.0
17 1240
ls 12.0
15 11.5
20 10.0
21 10.0
22 100
23 11.5
24 13,5
25 14,5
26 16,0
27 1845
28 19.0
29 20.0
30 2045
31 -
MONTH 2045

October 1963 to September 1964, October 1966 to September 1970,

Maximum, 31.0°C Aug. 16; minimum, 1,5°CMar, 7.

(°C) OF WATER) WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

TEMPERATURE
OCTORER NOVEMbER
MIN MaX MIN
2.0 15,0 13.0
2440 13.5 11.5
2440 13.0 11.5
23.5 1440 11.5
21.5 14.5 13.5
21.5 13.5 11.5
22.0 14.0 12.0
2le5 13.0 1045
2l.5 11.5 100
21.5 13.0 10.0
2l.0 1440 13.0
19.5 13.5 11.5
19,5 13.0 11.5
19.0 12.0 11l.0
18.5 11.5 9.5
18.0 9.5 7.0
16.5 9.0 7.0
14,5 10.0 8.5
14,0 10.0 8.0
14.5 8.0 be0
16.0 6.0 445
15.0 5.0 400
13,5 400 3.0
13.5 Se0 3.5
13.5 5.0 445
11.5 5.5 b4e5
11.5 5.0 3.5
14.5 440 3.5
13.0 440 3.0
14,5 440 3.5
14.5 .- -——
11.5 150 3.0
APRIL MAY
MIN MAX MIN
7.0 20,5 20.0
5.5 2040 17.0
5.0 17.0 16.0
5.5 17.0 16.0
5.5 17.0 15.5
6.0 17.0 15,5
S¢S 17.0 15,5
6.0 15.0 17.0
Be0 19.5 18.5
845 19.5 15.5
o5 20+5 19,5
8.0 20,5 2040
B0 2045 1945
de5 2040 1845
S.0 18.5 8.0
10.5 18,0 16,5
11.0 16.5 16.0
11.5 18,0 16.0
10.0 2040 1840
9.5 21.0 19.5
9.5 2Ll.5 20.5
9.0 2240 23.0
10.0 23,5 23.0
1i.5 22,0 21e0
l4an 22.0 21.5
15.0 22.0 2l.0
1640 21.5 21,0
18.5 20.0 2040
19.0 21.0 19.5
2040 2l.0 2l.0
- 21.5 2le0
5.0 23,5 15,5

DECEMBER
MAK MIN
4.5 bau
45 445
6.0 5.0
6.0 5.0
Aol 5.5
6.0 5.5
5.5 445
645 4,5
7.0 6.0
6.5 6.5
6.5 640
6.0 640
be0 S.0
5.0 4a0
Se0 4e0
6.0 5.5
Te0 6.0
6.0 6.0
6.0 5.0
6.5 4.5
4e5 3.5
Se0 4b
6.0 445
6.0 4.5
5.5 4.5
Bedr 4.0
445 4a0
5.0 440
6.0 4.0
7.0 6o0
7.0 5.0
840 3.5

JUNE

MAX MIN
23.0 21.5
23.0 2245
225 2l.0
21.0 2040
21.5 2.0
21.5 2le0
22.5 21.5
2445 22.5
¢be 2440
2640 25.5
2740 2640
27.5 2700
27.0 2l.5
22.0 21.5
22.0 2249
23.0 22.0
2445 23.0
24e0 23.0
23.0 2lev
2140 20.5
2045 205
2140 20,5
22,0 21.5
22.5 220
22.5 22.0
220 20.5
21.0 2l.0
21.0 2l.0
22.5 21.5
25.0 22.5
27.5 2040

JANUARY
Max MIN
5.5 4,5
Sab 445
S¢S “4e5
Se0 4.0
5.5 3.5
7.0 5.0
7.0 6.0
6.0 5.0
7.0 5.0
7.0 5.5
Se5 540
6.0 445
6.0 5.5
7.0 5.5
7.0 6.5
8.5 6.5
8,5 5.5
5.5 445
5.0 3.5
6.0 5.0
6.5 5,5
8.0 5,5
8.5 S.0
7.0 5.5
600 5.5
6.0 5.5
8.5 6.0
8.0 6.5
Be5 6.0
6.5 5.5
6.0 3.5
8.5 3.5
JuLy
MAX MIN
2645 25.0
27«5 2545
?8.0 27.5
2840 2645
26,5 25.5
26,5 2640
2745 26.5
?27.5 26,5
26.5 26.0
2640 25.0
25.0 2445
25,0 24,5
25.0 25.0
2640 25.0
27.0 26,5
27.0 27.0
270 2645
27.0 27.0
27.0 26.5
26.5 2640
26.0 25.0
25.5 25.5
2545 25,5
25.5 25.5
25.5 25.5
2640 25.5
27.0 26.5
28.0 27.0
29.0 28.0
2945 28.0
30.0 29.5
30.0 24,5

FEBRUARY
MAX MIN
3.5 3.0
3.5 260
3.5 3.0
3.5 3.0
4.0 3.5
5.0 400
5.0 4.0
be0 3.5
3.5 3.5
4.5 1.5
4,5 4ot
445 4.0
445 3.5
4ol 3.5
4.0 3e5
445 3.5
640 4.5
6.0 S5¢5
645 Se0
600 5.5
5.5 440
440 4e0
5.0 3¢50
5.0 4e5
5en 4el
Selt 4e5
5.0 4.5
5.0 ba5
6.5 2.0

AUGUST

MAK MIN
30.0 300
30.5 30.0
30.0 30.0
30.0 2940
29.5 29.0
2940 29.0
29.0 29,0
29.0 29,0
29.5 29.0
29.0 29.0
2945 29,0
30.5 30.0
30.5 30.0
30.0 30.0
30.5 3045
3l.0 30.5
3045 300
3045 30,0
300 2945
29.5 29.0
295 29.0
295 28,9
2840 27.5
27.5 27.0
28.0 27.5
28.5 2R.0
2840 28.0
28.5 2840
2845 27.5
27.5 27.0
27.0 2645
3l.0 2645

Maximum, 32.0°C Aug. 19, 20, 1969; minimum, freezing point on several days

MaRCH
MAX MIN
4,5 4,0
545 be0
640 55
5.5 Get)
440 2.6
3.0 2,0
240 1.5
240 2.0
3.0 2.0
3.0 3.0
3.5 3.0
3.5 3.0
ba0 3.5
4.0 3.5
3.5 3.5
S.0 3,5
5.5 445
640 545
6.5 6.0
7.0 6.5
7.0 6.0
6.0 5.5
7.0 640
7.0 6,5
7.0 6.5
7.0 6.0
6.0 5.0
S.0 5.0
S5 5.5
640 5.0
7.0 6.0
7.0 1.5
SEPTEMBER
MAX MIN
2645 25.5
2640 2545
25.5 25.5
2645 25.5
27.0 26,5
27.0 26,5
27.0 26,5
27.0 26,5
27.0 26.5
2645 26,0
2545 2445
P445 P4a0
2440 23.0
23.0 21.5
21.0 20.5
2240 20.5
2240 21.5
21.0 2l.0
21.5 2let
21.5 21.5
22.0 21.5
2240 21.5
22.0 20.5
21.5 2140
21.0 20.5
2l.0 2045
2l.0 19,5
19.5 18.5
18.5 18.0
18.0 17.5
27.0 17.5



STREAMS TRIBUTARY TO LAKE NICHIGAN

04121500 MUSKEGON RIVER AT EVART,

NICH,

LOCATION.--Lat 43°53'57", long 85°15'19", in NWiNE} sec.3, T.17 N., R.8 W., Osceola County, temperature recorder
right bank, 500 ft downstream from bridge on U,S, Highway 10 at Evart, 0.4 mile upstream
at mile 123,9,

at gaging station on
from Twin Creek, and

DRAINAGE AREA.--1,450 sq
PERIOD OF RECORD.--Water

EXTREMES. --1969-70:

Water temperatures:

Period of record:

Water temperatures:

REMARKS, --Intermittent ice cover during winter periods,

bay

ncT

[CRCIE
Shobo

mi, approximately,

temperatures:

November 1956 to September 1970.

Maximum, 26,0°C July 31; minimum, freezing point on many days during January to Narch,

Maximum, 28,5°C July 1, 1963; minimum, freezing point on many days during winter periods,

TEMPERATURE

17.0
14.0
1445
1640
12.0

16.5
15.0

13.5
i1.0
10.5

12.0
14.0
16.0
17.0
19.0

18.5
1.0
16,0
15.0
15.0

14.5

NV

(°C) OF WATER, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

14.0
iz.0
13.0
12.0
11.0

11.0
12.0
1ae5
15.5
15.5

15.0
13.5
1i.0

10.5

18.5
158.5
16.0

18.5

23.0

21.5
1R.5
19.0
19.5
20.0
19.5

1%.0

DEC

JUN

?1.0
18,5

18.0

16.5

1R.5
1645
17.0

1645
i7.0
15,0
20.5

17.9

21.0

22.0
21.5
20.5
20.5
23,0

26.5
26440
23.5
23.0
?23.5

2445

20.0
22.0
21.5
21.0

2445

JaN

e

sooo00
co200

ooooo
Socooo

MAX

2945

26445
2640

22.0

FER

AlLIG

MAY

20.0

19.5
18,0

17.0
16.5
14,0
13.0
15.0

14,5
14.5
16.0

1R.5

MIN

15.0
16,0
17.0
17.0
17.0

1R.5
19,4
17.0
17.0
15.0

14.5
14,0
13,0
13.0
13.0

14.0
14,0
13.0
16,0
16,0

18,0
16,5

15.0

59



60 STREAMS TRIBUTARY TO LAKE NICHIGAN
04121800 LITTLE MUSKEGON RIVER NEAR MORLEY, MICH,

LOCATION,--Lat 43°30'09", long 85°20'33", in SW1SW} sec.24, T.13 N., R.9 W., Mecosta County, temperature recorder
at gaging station on right bank at upstream side of highway bridge on 130th Avenue, 0.5 mile downstream from
Rustford Dam, and 5,2 miles east of Morley.

DRAINAGE AREA,--138 sq mi,

PERIOD OF RECORD.--Water temperatures: November 1966 to September 1970,

EXTREMES. --1969-70:
Water temperatures: Maximum, 27.0°C July 31; minimum, freezing point on many days during December to February,

Period of record:
water temperatures: Maximum, 28,0°C Aug, 23, 1968; minimum, freezing point on many days during winter periods.

REMARKS.--Intermittent ice cover during winter periods, Some regulation from dams above station,
TEMPERATURE (°C) OF WATER, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY oet NOV NEC JAN FER MaR
MAY MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN
1 16.0 11.0 7.0 Ae0 3,0 1.0 0.0 0.0 0.0 0.0 1.0 0.4
2 16.0 13.5 HoO % 1.5 0.5 0.0 n.0 0.5 0.0 3.0 1.0
3 16.5 13.0 Rl 7.0 2.0 n.5 0.0 0.0 0.0 0.0 2.0 7.0
“ 1645 13.0 7.0 h.5 1.0 0.5 n.oe 0.0 0.0 0.0 2.0 1.0
s 14.0 12.0 7.0 5.5 1.5 1.0 0.0 n.0 0.0 0.0 3.0 0.5
A 14.0 11.5 r) 4.5 2.0 1.5 N.0 0.0 0.0 0.0 2.0 1.0
7 14.5 12.0 6.5 445 2.0 1.0 N.5 n.0 0.0 0.0 2.0 1.0
8 12.0 G.5 A0 6.0 2.0 1.0 0.5 0.5 0.0 0.0 1.5 0,
a 17.5 7.5 7.0 5.5 2.0 1.5 0.5 0.5 7.0 0,0 2.0 0.5
10 1.5 1.0 7.0 ) 1.0 1.5 0.5 0.5 1.5 0.5 2.0 n.s
1 12.0 11.5 w0 7.0 3.5 2.0 0.5 0.5 3.0 0.5 3.5 [
12 11.9 445 Ro0 &o0 £ 1.5 0.5 0.5 0.5 0.5 4.0 0.h
13 11.5 a,5 60 4.0 1.5 1.0 0.5 0.5 [ 0.0 .5 0.5
14 10.0 Re5 4.0 2.0 3.0 1.5 0.5 0.5 Nes n.o 2.0 0.5
19 R4 7.0 3.0 1.0 2.0 0.5 0.6 0.5 [S¢] 0.0 3. 0.5
10 A5 £.5 .0 2.0 1.0 0.5 0.5 0.5 0.0 n.a 4.5 0.8
V7 a.0 N b8 4e0 1.5 1.0 0.5 0.5 0.0 0.0 S8 0.4
in 4.0 bt f.5 5.5 1.5 1.5 0.5 0.5 0.4 0.0 “.5 7.0
1+ 8,5 Hon fat 1.0 1.5 1.0 0.5 0.5 0.5 0.5 fas 1.9
20 10.0 A5 4.0 0.8 1.5 0.5 0.5 0.¢ a. 0.5 h.0 2.0
21 a5 R.0 n.s 0.5 0.5 0.5 0.5 0.5 0.5 0.5 7.0 1.5
72 R.O 5.0 1.0 0.5 0.5 a.5 0.5 0.5 4.0 0.4 4.8 3.0
23 S0 3.5 4.5 3.0 a.5 () 0.5 0.5 40 1e0 Ao 2.0
24 ALl 3.5 4.0 3.5 n,5 0.5 0.5 [\ 5.0 1.0 4.0 3.0
2% Ro® e 4.5 3.0 0.5 0.0 0,5 0.5 4.0 1.0 4.5 1.5
2+ HoO n.5 4.0 3.0 0.0 0.0 0.5 0.0 1. 0.5 4.0 0.5
27 h5 5.5 2,5 1.0 0.0 n.0 0.0 0. 1.0 0.5 5.0 n.s
2H 6.0 4.0 1.5 0.5 0.0 0.0 0.0 0.0 . 0.5 5.0 1.0
7a 5.0 4.0 2.0 1.5 0.0 0.0 0.0 0.0 -- - 4.5 0.%
40 ma0 3.0 3.0 1.0 n.0 0.0 0.5 0.0 -~ - 6,0 1.0
41 han 5.0 - -~ n.n 0.0 0.5 n.o - - 5.0 1.5
ave 10,2 R 5.2 2.7 1.3 a.7 0.3 0.2 1.0 0.2 3.0 1.0
uay AV MAY N s AVIG SFP
Max MIN MaAX MIN MAX MIN May MIN MAX MIN Max MIN
1 .0 7.0 1745 15.0n 17.5 17.0 ?25.5 1.0 2heh 20.5 19,4 12.5
2 4.5 0.5 15.0 10.0 17.0 14.0 25.0 1e.n 25.0 15 17.5 1%.0
3 4.5 1.5 14.0 A0 16,0 13.0 2345 19.5 23.0 17.0 18,5 16,5
o fa5 2.0 1h.5 11.0 16,5 13.5 19,5 15,0 22.0 15,0 21.0 17.5
s b5 2.0 1445 11.5 14.0 15.0 21.0 14.0 27.00 1045 2230 16,5
A 5.0 4.0 14.0 9.0 20.0 15,5 °7.0 15.0 238 1ha0 13,5 16,0
7 7.5 2.5 14.5 w0 21.5 16.0 23.5 thao 73,4 17an 21.= 17.0
A ko0 445 18.0 12.0 2745 17.5 20.7 17.0 4.0 17.5 ’l.s 1745
o 7.5 “.5 19,9 15.0 22.0 1#.0 17.0 15,5 26.0 17,0 21,0 14.5
10 h5 4.0 1v.n 15.0 23.0 18.0 18.0 14 .5 20,0 1Hen 19,0 14.6
11 5.5 3.5 19.0 14,0 22,5 1.0 24.0 5.0 24,5 18,5 1.0 172.5
12 7.5 4. 15.0 11.5 23.5 19.5 23,0 17.0 Pean 19,0 17.0 12.5
13 hed 5.0 14.0 11.5 19.5 17.0 2340 1R.5 2448 145 15,5 140
14 10.0 5.0 11.5 10.0 19.5 15.5 22.0 19.0 24.lr 14,5 14.0 2.0
15 11.5 ho5 11.0 F.5 19.5 1640 21.0 190 a0 1R.5 T40s 17.0
1A 10.0 A5 11.5 0.0 21.0 17.5 23,0 16.5 24.0 19.5 17.5 14,0
17 1149 a0 15.0 10.0 24,5 19.5 240h 17.5 7445 17.0 lan 14,5
18 Q.5 7.0 17.0 10.5 23.0 19,8 20.% 17.5 20,0 17.5 14,0 Tk
19 7.0 5.0 20.0 14.0 20N 1A.5 14,5 160 1R.5 18,0 17.- TaLG
20 fa0 5.0 20,0 14.5 17.0 14,0 17,0 14.5 ’3.0 18,0 17.0 1600
21 ) 5.5 21.0 1445 19.5 15.0 20,9 13.5 2740 1h,0 20,5 1h.0
22 7.5 4.5 ?0.0 17.0 21.5 14.0 23.0 15,5 1R.5 14,5 19,0 17.0
23 12.0 7.0 17.0 15.0 22,5 16.0 20,0 than 27,0 155 17.0 16.0
24 13,5 G0 15.0 12.5 20,5 17,0 19,5 165 71.0 18.5 18,0 18,5
25 14.5 9.5 16.0 12.5 21,5 14.0 23,5 16.0 23.0 14,0 17.5 1h.n
26 17.0 11.0 14.0 12.0 1R, 5 15.5 21.5 17.5 260 18.0 14,0 T4.n
27 17.5 12.5 19.0 11.0 21.0 13.5 26,5 18.5 2745 17,0 14,5 12.0
28 18,5 140 11,5 17.5 20.n 15.0 23,0 19.9 21,0 1R.C 12,4 110
29 19,0 14.5 20.5 14.0 23.5 16.5 25,0 /0.0 1R.A 15.0 11,5 9.0
30 18,5 16,5 19.5 17.0 26.0 19,4 25.0 20,5 2045 1a.s 12,0 9.5
31 -- -- 15.0 17.0 -- - 27.0 20,9 19,5 14.0 -- .

AVG a6 b2 1644 17.4 20.6 16,2 22,0 17.0 22.5 1741 17.2 1s.49



STREANS TRIBUTARY TO LAKE MICHIGAN

04122500 PERE MARQUETTE RIVER AT SCOTTVILLE, MICH.

LOCATION.--Lat 43°56'42", long 86°16'43", in NW}NW} sec.19, T,18 X,, R.16 W,,
gaging staticn on right bank 20 ft upstream from highway bridge at south edge of Scottville, 1,4 m:iles upstream
from India Creek, and 5,6 miles downstream from Big South Branch.

DRAINAGE AREA,--709 sq mi,

PERIOD OF RECORD.--Water temperatures:

EXTREMES. --1969-70:
Water temperatures:

Pberiod of record:
Water temperatures:
days during winter periods,

Maximum, 23,5°C July 1,

Maximum, 24,0°C June 8,

May 1968

REMARKS.--Complete ice cover during winter periods,

DAY

13.5
14.0
14.5
14.0
14.0

13.5

TEMPERATURE (°C)} OF WATER,

13.0

16.5

15.5
14.5
13.5
12.0
11.5

13.0
16.5
16.0
17.0
1R.5

1R.5

NOV

MIN

10.5

10.5

17.5

MAX

22,0

13.5

WATER YEAR OCTDBER 1969 TO SEPTEMBER 1970

NEC

SUN

1845
18.5
19.5
2145

to September 1970,

9, July 16, 17, Aug,

Mag

24.5

2345
23.0
?21.0
179
1H.0

1.0
1940
14.0
18,0
20.0

21.5
21.5
2145
2045
20,5

20.5
20,5
19.0
17.5
1#en

18.5
18.5
1R
20.0
21.0

22.0
22.0

23, 24, 1968; minimum,

AN

e

MIN

220
20.5
1h.5
1945
1640

17.0
15,0
17.0
17.0
1745

19.0
2045
20.5
20.0
1445

19.5
149.0
1740
16,5
15.5

1/.5
17.0
18.0
14.0
190

20.5
20.5%
1.5
21.5
2149

61

jason County, temperature recorder at

>2oo02
20052

>o02D

55052
50232

—— 232
55010

oo

oo

?3.0

220
2.8
20.0
19.0
19.5

2040
20,0
20.0
20,4
21.0

21.0
21.0
21.0
21,0
21.0

21,0
20,0
1%.0
21.0
19.5

19.0
1h.0
15,5
19.0
2040

20,0

FFA

afifs

2; minimum, freezing point on many days during December to March.

freezing point on many

MIN

27.0

2045
N
15.0
1h.5
17.5

17,4

17,0
17.0
17.0
1740
19,5

1%k
19.n
17.0
17.0
1A

17.0

16.5

19,0

19.0
14,0
1740

16,0
15,4
l1a.0
13.0
145

13,5
13,5
1e.5
[l
17N

v
17.0
6.0
1A.0
16.0

SFi

MIN

.0
e

Min

15,
et
[Ea]
7.0
7.

17.°

1.0

1.0

[P

16,0

17,7



62 STREANS TRIBUTARY TO LAKE NICHIGAN
04123500 MANISTEE RIVER NEAR GRAYLING, MICH,

LOCATION.--Lat 44°41'35", long 84°50'50", in SWiNW} sec.31, T.27 N., R.4 W., Crawford County, temperature recorder
at gaging station on right bank, 25 ft upstream from bridge on State Highway 72, 3.3 miles downstream from
Goose Creek, and 8,8 miles northwest of Grayling,

DRAINAGE AREA,--159 sq mi.

PERIOD OF RECORD.--Chemical analyses: October 1968 to September 1969 (periodic).
Water temperatures: MNay 1957 Lo September 1970,

EXTREMES. --1969-70:
Water temperatures: Maximum, 20,5°C June 17, 30, July 1, 2; minimum, freezipg point on many days during January
and February,

Period of record:
Water temperatures: Maximum, 24,5°C July 1, 1963; minimum, freezing point on many days during winter periods,

REMARKS, - -Recorder stopped Dec, 1-3, Jan, 20-25, Mar, 9, range in temperature, 1,0°C to 1,5°C, 0,0°C to 1,5°C,
respectively, A summary of periodic specific conductance data for this station is included in samples collected
at miscellaneous sites in Michigaun.

TEMPERATURE (°C) OF WATER, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DAY acT NOV DEC JAN FER MAR
Max MIN MaX MIN MIN MAX MIN MAX MIN MAX MIN
1 11.5 10.0 7.0 6.0 - 0.5 0.5 1.5 0.5 1.0 1.0
2 12.0 11.5 7.0 7.0 0.5 0.5 1.5 0.0 1.5 1.0
3 12.0 11.5 7.0 7.0 0.5 0.5 0.0 0.0 1.5 1.5
“ 13,0 11.5 7.0 6.0 0.5 0.5 0.0 0.0 3.0 1.5
s 13.0 11.0 6.5 6.0 0.5 0.5 0.0 0.0 4.0 7.0
6 12.0 11.0 6.0 5.0 0.5 0.5 0.0 0.0 4.0 3.0
7 11.5 11.5 5.5 5.0 0.5 0.5 0.0 0.0 3.0 2.0
a 11.5 10.0 a0 545 0.5 0.0 1.0 0.0 3.0 1.5
9 10.0 A.0 6.0 6.0 0.5 0.0 1.5 1.0 -~ -
10 1n.0 9.5 645 6.0 0.5 0.0 1.5 0.5 1.5 1.5
11 10.0 10.0 6.5 6.5 0.5 0.0 0.5 0.5 3.0 1.5
12 10.0 9.5 6.5 6.0 0.5 0.0 0.5 0.0 3.5 2.0
13 9.5 9.5 6.0 5.0 0.5 0.0 0.5 0.5 3.5 2.0
14 9.5 8.5 5.0 4.5 0.0 0.0 0.5 0.5 1.5 3.0
15 8.5 a.n 4.5 3.0 0.0 0.0 0.5 0.5 “.0 3.0
16 8.5 8.5 4.5 3.0 1.0 1.0 0.0 0.0 0.5 0.5 5.0 3.0
17 B.5 8.0 5.5 “.5 1.5 1.0 0.0 0.0 0.5 0.5 5.0 3.5
18 8.0 6.5 6.5 5.5 1.5 1.5 0.0 0.0 1.0 0.5 5.5 3.0
19 8.0 7.0 6.5 5.0 1.5 1.0 0.0 0.0 1.0 0.5 fs0 3.5
20 R.0 7.0 5.0 3.0 1.0 1.0 == - 0.5 6.5 6.0 3.5
21 R.0 6.0 3.0 3.0 1.0 1.0 - - 0.5 0.5 6.0 2.5
22 6.0 5.0 3.5 3.0 1.0 1.0 2.0 0.5 6.0 4.5
23 5.0 4.5 5.0 3.5 1.0 1.0 2.0 0.5 haS Lo
24 6.0 5.0 5.0 5.0 1.0 0.5 3.0 2.0 7.0 5.0
25 6.5 5.5 5.0 5.0 0.5 0.5 - - 3.0 1.0 6.5 4.0
26 6.5 5.5 5.0 5.0 0.5 0.5 0.0 O« 6.0 3.0
27 6.5 5.5 5.0 3.5 0.5 0.5 0.0 0.0 4.0 1.0
2R 5.5 5.5 3,5 240 0.5 0.5 0.0 0.0 4.0 2.5
23 5.5 5.0 3.5 3.0 0.5 0.5 0.5 0.0 3.0 1.0
30 6.0 5.0 3.5 3.0 0.5 Q.5 0.5 0.0 4.5 2.0
31 6.0 5.5 - -— 0.5 0.5 0.5 0.0 - - 5.0 2.5
AVG A.7 7.9 5.4 4at 1.4 1.1 0.3 0.1 0.9 0.5 4.2 2.5

LAY APR MAY JUN JuL ANG SEP
MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN
1 5.0 3.0 15.0 12.5 15.0 13.5 20.5 16.5 19.0 1o 12.0 9.0
2 5.0 3.0 12.5 AeS 15.0 10.5 20.5 15.5 18.0 13.5 14,0 11.0
3 5.5 2.5 1n.0 6.0 1440 9.0 20.0 16.0 17.0 13.5 13.0 11.0
4 6.0 “.0 13.0 9.0 15.5 10.5 16.0 12.0 15.0 10.5 16.5 13,0
5 A0 3.5 12.5 R.0 16.5 11.5 17.0 11.0 16.0 11.5 16.5 14,0
s 5.5 4.5 10.5 6.0 16.0 12,0 17.5 12.5 17.0 12.0 16.5 13.5
7 7.5 4.0 11.5 8.0 18.0 12.5 19.5 14.0 17.0 13.0 16,5 15.5
A 8.5 6.0 13.5 10.0 19.0 14.0 18.5 15.0 1R.0 1345 17.5 16.5
9 8.0 5.0 13.5 12.0 18.0 14.0 14.5 13.0 17.0 13.5 16,5 13.5
10 6.0 “.0 13.5 12.0 18.5 14.0 15.0 13.0 16.5 13.5 1645 13.5
11 7.5 “.0 13.0 10.5 18.0 14.5 17.5 13.5 1645 14.0 13.5 1.0
12 8.0 5.0 11.0 9.5 1740 14.5 18.5 15.0 17.0 13.5 13.5 11.5
13 8.0 5.0 11.0 9.0 16.0 12,5 18.0 15.0 17.5 14.0 13,5 11.5
14 9.0 5.5 9.0 7.5 14.5 12.5 17.0 15.0 18.0 16445 11.5 10,5
15 9.5 6.5 9.0 745 1645 11.5 18.0 15.0 17.5 14.5 10.5 10.5
16 9.5 7.0 9.0 9.0 16.5 13.5 18.5 14.0 17.5 14.5 12.5 10.5
17 7.0 6.0 11.5 8.5 20.5 14.5 19.5 15.0 16.5 13.0 12.0 10.5
18 7.0 6.0 15.0 9.0 20.0 15.0 18.0 14.0 15.5 12.5 11.0 10.5
19 7.0 5.0 16.0 12.5 15.0 11.5 1645 13.5 16.0 12,5 12.0 10.0
20 6.0 5.0 15.0 11.5 14.0 9.0 13.5 11.5 1645 14.5 14,5 11.5
21 5.0 5.0 16.0 11.5 15.5 11.0 16.0 10.5 15.5 11.5 15.5 14.5
22 6.5 4.5 1640 13.0 15.5 11.0 18.0 13.0 14.0 11.0 15.5 14.0
23 9.5 6.5 16.0 11.5 17.5 13.0 17.0 13.5 13.5 1.0 14.0 12.0
24 9.5 7.5 15.0 10.5 17.0 13.5 16.5 1440 14.5 12.0 14.0 12.0
25 11.5 7.5 11.5 9.5 15.0 10.5 18.5 13.0 1540 1145 14.0 13,5
26 12.0 10.5 11.5 9.0 15.0 11.5 18.5 14.5 16.5 12.5 13.5 11.0
27 13.5 10.0 11.0 R.0 15.5 11.0 18.5 15.0 1545 11.5 11.0 2.5
28 15.0 11.5 11.0 2.5 15.0 11.5 18.5 14.5 13.0 12.0 9.5 9.0
29 17.0 12.0 15.5 9.0 19.0 13.0 18.5 1645 17.0 9.5 9.5 7.5
30 17.0 14.5 15.5 14.0 20.5 16.0 17.0 15.0 12.0 9.5 R.5 R.0
31 - -- 15.5 13.5 19.5 15.5 12.5 9.4 -- -
AVG 8.6 6.1 12.8 9.8 16,6 1244 17.7 14.0 15.9 12.% 13.4 1.6



STREAMS TRIBUTARY TO LAKE MICHIGAN

04125200 PINE RIVER NEAR LUTHER, MICH.

63

LOCATION, --Lat 44°06'46", long 85°41'00", in SE}NE} sec.24, T.20 N., R,12 W,, Lake County, at Walker Bridge 5 miles

north of Luther,

DRAINAGE ARFA,--194

PERIOD OF RECORD, --Sediment records:

EXTREMES. --1969 .70:

sq mi,

sediment concentrations:

June 27 to Jul
Sediment dischar
to July 2,

Period of record:
Sediment concent:

uary, June 27 to July 2,

Sediment dischar

June 27 to July 2, 1970,

y 2,

December 1967 to September 1970 (discontinued),

Maximum daily, 289 mg/l1 Apr, 9; minimum daily, O mg/l on several days in January,

ge: MNaximum daily, 478 tons Apr., 9; minimum daily, O tons on several days in January, June 27

rations:

Maximum daily,
1970,

448 mg/1 July 29, 1969; minimum daily, 0 mg/l on several days in Jan-

ge: Maxamum daily, 660 tons July 29, 1969; minimum daily, O tons on several days in January,

REMARKS.--Data analyzed and compiled by Forest Service, U.S. Department of Agriculture, North Central Forest Experi-
ment Station, Cadillac, Mach,

MEAN
OYSCHARGE

DAY 1CFS)
1 152
2 146
3 144
4 142
5 162
6 l44
7 152
8 156
2 152
10 150
11 219
12 250
13 333
14 441
15 340
16 248
17 248
18 266
19 223
20 413
21 489
22 450
23 365
24 2R2
25 241
26 219
27 216
28 212
29 198
30 189
31 187

TCTAL 7509

1 154
2 154
3 156
4 156
5 158
6 158
7 158
8 156
9 156
10 154
11 154
12 154
13 154
14 154
15 154
16 154
17 154
18 154
19 146
20 146
21 146
22 146
23 146
24 146
25 146
26 146
27 150
28 150
29 162
30 164
31 160

ToTAaL 4768

SUSPENDED-SEDIMENT DISCHARGE,

OCTCBER

MEAN
CONCEN-
TRATION
(MG/L}

ccooo

16
16
16
16
16

SEDIMENT
01 SCHARGE
(TONS/CAY}

5.3

MEAN
D1 SCHARGE
(CFS)

206
214
206
223
275

241
212
196
185
187
187
189
191
185
182

176

296

142

142

NOVEMBER

MEAN
CONCEN-
TRAT [ON
(MG/L)

FEBRU ARY

MN NN NNNaNN NNNN~N DDOE®

N~~~

SEDIMENT
DISCHARGE
(TONS/DAY}

Bwwew
BOVOO HEVOS

WATER YEAR OCTOUBER 1969 TO SEPTEMBER 1970

MEAN
DI SCHARGE
ICFS)

178
166
178
168
166

166
168
170
170
170

170
170
166
166
166

160
164
162
162
160

160
158
154
154
154

154
1564

154
154
154

5050

138
138

180
209

196

189
189
178

174
170
164
158
152

138
138
146
154
178

174
187

219
223

223
191
204
174
187

5478

DECEMBER

MEAN
CONCEN-
TRATION
(MG/L)

SEDIMENT
O SCHARGE
{TONS /DAY)

W
DA
e roe o

[CIU RV IRVIC Y STV



64
SUSPENDED-SEDIMENT DISCHARGE,
APRIL
MEAN
MEAN CONCEN- SEDIMENT
UISCHARGE TRATION DISCHARGE
DAY {CF$Y {MG/L) (TONS/CAY)
1 182 12 5.9
2 187 12 6.1
3 178 16 7.7
4 182 le 7.9
5 182 16 7.9
L) 232 16 10
7 250 25 17
a 397 115 123
9 619 289 478
19 526 93 132
1 434 55 60
12 411 a1 52
13 338 59 62
14 379 59 60
15 379 65 67
16 374 65 66
17 3Ta 4B 48
18 338 44 40
19 378 40 35
20 318 %0 37
21 416 76 85
22 363 €6 65
23 328 66 58
24 310 75 63
25 2664 55 35
26 236 45 29
27 223 35 21
23 214 35 20
29 2n4 a5 19
30 216 35 20
i -- - -
TOTAL 9450 - 1741.5
JuLy
1 126 9 o
2 124 0 [+
3 122 6 2.0
< 122 6 2.0
5 124 L) 2.0
6 122 6 2.0
7 118 6 1.9
8 156 17 7.2
9 17 33 15
10 142 15 5.8
11 132 12 3.6
12 124 7 2.3
13 126 7 2.4
14 132 7 2.5
15 140 7 2.6
16 138 7 2.6
17 136 15 5.5
18 132 15 5.3
19 128 15 5.2
20 132 15 5.3
21 126 12 4.1
22 122 10 3.3
23 122 10 3.3
24 122 10 3.3
25 122 10 3.3
26 120 192 3.2
27 126 14 4.8
28 1264 11 3.7
29 124 11 3.7
30 126 11 3,7
21 124 11 3.7
TOTAL 4004 - 115.3

STREAMS TRIBUTARY TO LAKE MICHIGAN

04125200 PINE RIVER NEAR LUTHER, NICH.--Continued

TOTAL DISCHARGE FOR YEAR {(CFS—-DAYS)
TOTAL SLSPCNDED-SEDIMENT DISCHARGE FOR YEAR (TONS)

PARTICLE-SIZE DISTRIBUTION OF SUSPENDED SEDIMENT, WATER YEAR OCTOBER 1969 TO SETPEMBER 1970

TIME

1540

0900
0940

0920
0915

1025
1530

DIS-
CHARGE
(CFS)

“b4

150
146

166
150

755
741

MAY
MEAN
MEAN CONCEN-
O1SCHARGE TRATION
(CFS) MG /L)
264 55
278 75
232 77
209 77
200 77
187 77
178 77
174 60
174 60
174 60
174 60
182 60
204 60
219 60
219 41
219 41
204 41
191 41
185 L33
182 41
180 41
180 41
178 41
189 41
238 49
241 60
202 60
185 60
178 55
172 53
162 59
6154 -
AUGUST
124 11
124 11
124 11
122 11
. 118 1
118 11
118 10
118 10
116 10
116 10
116 10
116 10
116 10
116 7
114 7
112 7
112 7
112 7
120 7
124 7
118 7
118 7
11R T
11R 52
118 16
116 16
116 16
116 16
116 16
118 le
118 16
3646 -

SUS-
PENDED
SUS- SEDI~-
PENDED MENT
SEDI- DIS=
MENT CHARGE
(MG/L)  (T/DAY)
72 90
16 645
7 2.8
8 3.6
7 2.8
163 332
116 23z

SUS.

% FINER
THAN
<062 MM

43

25
14

12

43

33
35

SEDIMENT

O 1SCHARGE

(TONS/0AY)
39

SUS.
SED.
SIEVE
DIAM.
% FINER
THAN
+125 MM

4“7

MEAN

WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

D1 SCHARGE

SUS.
SED.
SIEVE
0IAM.
¥ FINER
THAN

«250

MM

69

(CFS)

158
349
692
483
303

225
198
190
164
168

140
142
136
136
142

148
14%
152
148
138

132
130
128
130
162

136
128
124
126
126

5630

118

126
156
140

126
124
138
142
126

120
118
120
134
136

140

154
142
134

130
138
1642
176
223

182
172
158
152
146

4271

SUS.
SED.
SIEVE
DIAM.
% FINER
THAN
500 MM

99

JUNE
MEAN
CONCEN-~
TRATION
MG /L)
45
180
140
7L
55

SEDIMENT

DISCHARGE

{TONS/DAY)
19

170
262

93
45

4.1

3.9

9.9
9.5

250.7

66396
6136.5



STREAMS TRIBUTARY TO LAKE MICHIGAN 65
04125210 SILVER CREEK NEAR LUTHER, MICH.

LOCATION,--Lat 44°07'05", long 85°41'05", i1n SW}SW} sec.18, T.20 N., R.11 W,, 300 ft upstream from county road cul.
vert, 5,5 miles north of Luther,

DRAINAGE AREA.--4.7 sq mi,
PERIOD OF RECORD, --Sediment records: October 1968 to September 1970,

EXTREMES. --1969-70:
Sediment concentrations: Maximum daily, 674 mg/1 Mar, 4; minimum daily, O mg/l on several days in April and

June,
Sediment discharge: Maximum daily, 30 tons June 2; minimum daily, O tons on several days in April and June,

Period of record:
Sediment concentrations: Maximum daily, 700 mg/1 July 27, 1969; minimum daily, O mg/l June 8-11, 1969, several
days in April and June, 1970,
Sediment discharge: Maximum daily, 81 tons June 26, 1969; minimum daily, O tons June 8-11, 1969, several days
1n April and June, 1970,

REMARKS, --Data analyzed and compiled by Forest Service, U,S, Department of Agriculture, North Central Forest Experi.
ment Station, Cadillac, Mich,

SUSPENDED-SEOIMENT DISCHARGE, WATER YEAR DCTCEBER 1969 TO SEPTEMBEP 1970

QCTDBER NOVEMBER DECEMBER
MEAN MEAN MEAN

MEAN CONCEN-  SEDIMENT MEAN CONCEN-  SEDIMENT MEAN CONCEN-  SEDEMENT
DISCHARGE TRATION DISCHARGE DISCHARGE TRAT [ON DISCHARGE DI SCHARGE TRATION DISCHARGE
DAY (CESH IMG/L) (TONS/DAY) (CESY (MG /L) (TONS/DAY) (CES) (MG/L Y (TONS/OLY}
1 41 28 .31 6.3 10 .34 5.5 44 .65
2 4.1 2R .31 5.9 16 25 5.5 44 .65
3 4.0 10 .11 5.9 16 .25 5.5 44 .65
4 4.0 10 .11 9.3 65 L6 5.5 44 65
s 4.0 10 .11 6.9 30 .56 5.5 26 .39
6 44 10 .12 5.7 15 .23 5.5 26 .39
7 4.7 10 .13 5.5 7 .10 5.5 26 +39
8 4.4 10 .12 5.3 7 .10 5.5 26 .39
° 4.2 10 o1l 5.3 7 .10 5.5 26 .39
10 4.5 10 12 5.3 7 .10 5.5 26 .39
1n 9.0 55 1.3 5.3 7 .10 5.5 26 .39
12 5.5 15 .22 5.5 7 .10 5.5 26 .39
13 14 136 5.1 5.3 7 »10 5.5 65 «97
14 7.5 31 .63 5.3 7 .10 5.5 65 .97
15 5.7 15 .23 5.3 ’ .10 5.5 65 .97
16 5.9 20 .32 5.3 7 .10 5.5 65 .97
17 8.0 40 .86 6.7 90 1.6 5.5 65 .97
18 5.7 15 .23 B0 40 .86 5.5 65 .97
19 5.3 10 .17 10 75 2.0 5.5 65 .97
20 20 151 8.9 6.5 22 .41 5.5 7 .10
21 il 15 .45 6.5 22 .39 5. 7 .10
22 9.8 51 Lo4 5.9 22 .35 5.5 7 .10
23 71 25 .48 5.9 22 .35 5.5 7 .10
24 6.1 20 .33 6.1 22 .36 5.5 7 .10
25 5.7 15 .23 6.5 22 .39 5.5 7 .10
26 5.7 15 .23 6.5 22 .39 5.5 7 .10
27 5.9 66 1.0 5.7 22 .34 5.5 14 .21
28 5.3 16 .23 5.5 44 .65 5.3 14 .20
29 5.1 16 .22 5.5 44 .65 5.3 14 .20
30 5.1 16 .22 5.5 44 65 5.3 L4 .20
21 5.5 16 2 - -- =2 5.3 L4 .20

TCTAL 202.3 - 24.54 184. 6 -- 13.62 169.7 - 14.22



66

MEAN
DISCHARGE
nay {CFS)
1 543
2 5.3
3 5.3
4 5+3
5 53
6 5.3
7 5.3
8 5.3
9 5.3
10 5.3
11 5.3
12 5.3
13 5.3
14 5.3
15 5.3
16 5.5
17 5.5
18 5.5
19 5.5
20 5.5
21 5.5
22 5.5
23 5.5
24 545
25 5.5
26 5.5
21 5.5
28 5.7
29 7.1
30 6.3
31 5.7
TCTAL 170.3
MEAN
DISCHARGE
oAy (CFS)
1 5.5
2 5.9
3 5.5
4 5.7
5 6.5
6 9.8
7 11
8 21
9 14
10 10
11 9.5
12 10
13 9.3
14 9.5
15 9.0
ie B.8
17 8.3
18 7.5
19 7.1
20 15
21 9.3
22 7.8
23 7.5
24 6.3
25 5.7
26 5.5
27 6.1
28 5.7
29 5.5
30 8.0
31 il

STREANS TRIBUTARY TO LAKE MICHIGAN

04125210 SILVER CREEK NEAR LUPHER, MICH,.-Continued

SUSPENDED-SEDIMENT DISCHARGE, WATER YEAR OCTOBER 1969 TO SEPTEMBER 197n

JANUARY FEBRUARY
MEAN MEAN
CONCEN-  SEDIMENT MEAN CONCEN~  SEDIMENT
TRATION  OISCHARGE DISCHARGE  TRATION  DISCHARGE
[ (TONS/CAY) (CES) (MG /L) (TONS /DAY)
14 .20 5.5 48 .71
14 .20 6.7 63 L1
13 .19 6.7 63 L
13 .19 6.5 63 L1
13 19 6.3 63 1.1
13 .19 5.9 27 .43
13 .19 5.7 27 42
13 .19 5.5 27 40
17 .24 5.3 27 .39
17 .24 5.3 27 .39
17 .24 5.3 27 .39
17 .24 5.3 27 .39
17 .26 5.3 4 .06
17 .24 5.3 4 .06
17 .24 5.3 4 .06
193 2.9 5.1 4 .06
193 2.9 5.1 4 .06
193 2.9 5.1 “ .06
193 2.9 5.1 “ .06
193 2.9 5.1 4 .06
193 2.9 5.1 7 .10
193 .71 5.1 7 .10
48 .7 5.1 7 .10
48 .71 5.1 7 .10
48 .7 5.1 7 .10
«8 .71 5.1 7 <10
8 .7 5.1 7 .10
48 W74 5.0 4 .05
63 1.2 - == --
63 L.l - -~ --
48 .74 -~ - -~
-- 28.66 152.1 - 9.15
APRIL MaY
MEAN MEAN
CONCEN-  SEOIMENT FEAN CONCEN~  SEOIMENT
TRATION  DISCHARGE DISCHARGE ~ TRATION  OISCHARGE
(HG/L) (TONS/DAY) (CFS) MG/L) [TONS/DAY)
25 .37 9.0 300 7.3
25 .42 6.9 20 .37
25 .37 6.1 14 .23
25 .38 5.7 14 .22
25 44 5.5 14 h21
72 1.9 5.5 14 .21
90 2,7 5.3 14 .20
420 24 5.1 14 .19
125 4.9 5.0 14 .19
26 .12 5.0 14 .19
26 .67 641 103 L7
31 .84 6.1 25 3}
67 1.7 6.5 30 .26
67 1.7 5.9 15 .24
57 1.4 6.1 15 .25
47 1.1 6.7 15 .27
37 .83 5.3 15 .21
35 .70 5.1 15 .21
30 .58 4.8 15 .19
592 24 4.5 15 .18
94 2.4 4.5 15 .18
55 1.2 5.5 20 .30
55 1.1 5.3 20 .29
20 .34 6.1 25 61
0 0 7.5 188 3.8
o a 6.3 20 .34
0 ¢ 5.3 6 .09
e a 5.3 6 .09
0 0 5.0 6 .08
500 0 5.3 6 .09
- - 5.3 6 .09
- 74,75 177.6 - 18.93

MEAN

OISCHARGE

(CFSI

5.0

6.9

6.9

6.7
6.5
6.1
5.7

5.7

179.6

MEAN
DISCHARGE
{CFS)

4e7

4.7
444
4.4
44
4.2

17641

mARCH

MEAN

CONCEN-
TRATION

{NG/L)

JUNE

MEAN
CONCEN-
TRATION
(NG/L)

NN NN

lwwwww COO0O0O OONNN

SEDIMENT
O1SCHARGE
(TONS/DAY)

+05
+05
+05
19
1.6

+38

28.86

SEDIMENT
DISCHARGE
(TONS/DAY)

30

oo

©ooccoo

<04



STREAMS TRIBUTARY TO LAKE MICHIGAN 67
04125210 SILVER CREEK NEAR LUTHER, MICH,--Continued

SUSPENDED~SEDIMENT DISCHARGE, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

JULY AUGUST SEPTEMBER
VEAN MEAN HMEAN

MEAN CONCEN- SEDIMENT MEAN CONCEN- SEDIMENT MEAN CONCEN- SEDIMENT
DISCHARGE TRATION DISCHARGE DISCHARGE TRATION DISCHARGE DISCHARGE TRATION DISCHARGE
Day (CFS) (MG/L) 1TONS/DAY) (CFS) {MG/L) {TONS/DAY) (CFS) {MG/7LY {TONS/DAY)
1 4.2 3 +03 3.9 10 .11 3.8 7 .07
2 4.1 3 .03 3.8 10 .10 3.9 7 .07
3 4.1 B «09 3.7 10 «10 4.5 7 «09
4 4.2 8 .09 3.7 10 +10 4.7 7 «09
5 4.2 8 «09 3.7 10 .10 3.9 7 «07
6 4,1 8 «09 3.7 10 .10 4.0 7 .08
7 4.0 8 »09 3.7 6 «Q6 4.1 7 +08

8 4.7 20 .25 3.7 6 « 06 5.1 B3 1.1
9 4ot 8 .10 3.7 & 06 4.0 16 .17
10 4e2 8 « 09 3.7 & .06 4.0 16 .17
11 4ol 8 +09 3,7 6 .06 4.0 16 o17
12 4.1 8 09 3.7 & «06 4.0 16 .17
13 4.1 o4 49 3.7 6 + 06 4.1 16 «18
14 404 4% 52 3.7 L 06 4.1 16 +18
15 4.2 12 .14 3.7 6 #0686 bt 16 .19
16 4.2 12 sla 3.6 6 06 4.2 16 »18
17 4.5 15 .18 3.6 & 06 5.0 16 022
18 4.0 12 W13 3.6 6 « 06 4.7 19 24
19 boq 12 14 4.1 & +07 4.2 19 .22
20 4al 12 W13 3.9 6 .06 4.1 19 .21
21 4.0 12 .13 3.8 5 «0% 4.0 19 .20
22 3.9 12 W13 3.9 5 .05 4.2 19 W22
23 3.9 12 W13 4.0 5 .05 4ol 19 L 21
24 %s 0 28 .30 3.9 5 .05 9.5 180 4.6
25 4.0 28 +30 3.8 5 +05 5.5 17 25
26 4.0 28 «30 3.8 5 «05 5.3 17 o264
27 4.0 28 30 3.7 5 .05 5.1 37 «51
28 40 28 »30 3.7 7 07 4.5 37 45
29 3.9 28 .29 3.7 7 07 4.5 37 45
30 3.9 28 .29 3.8 7 .07 4.5 37 )
31 3.9 19 W11 3.8 7 .07 - - -
TOTAL 127.8 - 5.58 116.5 - 2.09 13640 - 11.53
TCTAL DISCHARGE FOR YEAR (CFS-DAYS) 2048.9
TOTAL SUSPENDED-SEDIMENT DISCHARGE FOR YEAR {(TONS) 263.90

PARTICLE~STZE DISTRIBUTION OF SUSPENDED SEDIMENT, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

SUS~ SUS.
PENDED SED.
SUS- SEDI- SIEVE
PENDEO MENT DIAM.
0IS- SEOI- 0IS- % FINER

TIME CHARGE MENT CHARGE THAN
(CFS) (MG/L)  (T/DAYY .062 MM

1340 19 136 7.0 35
091¢ 7.8 31 .70 32
1050 26 161 12 25
0925 9.5 15 240 33
0930 10 S1 1.4 12
1040 Se3 17 v 20 18
0920 5.5 193 2.9 3
1000 5.5 48 .70 10
0940 7.1 63 1.2 19
0940 5.3 27 40 41
1140 11 92 2.7 17
1400 22 699 41 10
1615 36 762 73 41
1600 13 169 5.8 14
L140 3.8 26 «30 27
0920 17 428 20 1L
1330 18 756 36 4
0930 9.5 94 2.4 4
1050 10 595 16 3
1315 9.8 865 23 1
1330 9.0 301 7.3 4
0935 5.1 6 .10 100
0855 37 918 91 57
1300 55 747 111 33
1535 38 460 47 32
1840 25 192 13 45
1100 9,5 37 1.0 38
0930 6.1 a3 1.4 53
0945 4.0 18 20 37
1150 17 505 26 49
1345 16 467 20 41
1219 5.3 17 «20 71

0835 4¢5 37 045 -



[:1:3 STREAMS TRIBUTARY TO LAKE MICHIGAN
04125350 POPLAR CREEK NEAR HOXEYVILLE, MICH,

LOCATION,.--Lat 44°10'18", long 85°42'34' , in NW}SE} sec.36, T.21 N,, R.12 W,, Wexford County, at County Road 11}
1.5 miles south of Hoxevville.

PERIOD OF RECORD, --Sediment records: N-vember 1968 to September 1970,

EXTREMNES, --1969-70:
Sediment concentraticns: Maximum daily, 340 mg/l June 2; minimum daily, 8 mg/l on several days in February,
Sediment discharge: Maximum daily, 33 tons June 2; minimum daily, .39 ton on several days in February,

Period of record:

Sediment cencentrations: Maximum daily, 400 mg 'l July 27, 1969; minimum daily, 4 mg/l Feb, 28, Mar. 1-6, 1969,

Sediment discharge: Maximum daily, 50 tons July 27, 1969; minimum daily, ,14 ton Mar, 2, 1969,

REMARKS, --Data analyzed and compiled by Forest Service, U.S, Department of Agriculture, North Central Forest Experi-

ment Station, Cadillac, Mich,

SUSPENDED-SEDIMENT OISCHARGE, WATER YtA®R OCVTMBER 1959 TQ. SEPTEMBER 197C

JCTORER NOVEMBER DECEMBER
MEAN MEAN MEAN

MEAN CONC = SEDIMENT MEAN CONC Eh- SEDIMENT MEAN CONCEN- SEDIMENT
TISCHARGE  TRATIIN  J1SCHARGE DISCHARGE  TRATINN  DISCHARGE DISCHARGE  TRATION  DISCHARGE
S8y (CFst (MG/L3 (TONS/DAY) (CFs) (MG/LY (TONS 70aY) (CFs) (MG /L) (TONS/DAY)
L 7 23 1.3 24 18 1.2 21 20 l.1
2 17 23 1.3 3 18 1.2 20 20 .1
3 17 2 1.0 24 18 1.2 20 20 1.1
4 17 21 L0 26 18 1.3 20 20 1.1
5 7 21 1.0 24 18 1.2 20 19 1.0
6 ~0 2t 1.1 23 18 1.1 21 19 1.1
7 20 21 1.2 24 26 1.7 21 19 1.1
8 23 21 1.3 26 26 1.8 20 19 l.1
a9 23 21 1.3 25 28 1.8 20 13 1.0
10 25 21 le4 22 26 1.5 20 19 1.0
11 33 80 7.1 23 26 1.6 20 19 1.0
12 25 49 2.7 21 26 1.6 19 19 1.0
13 37 159 17 2t 26 1.5 19 19 1.0
14 24 32 2.1 20 26 1ot 20 19 1.0
13 20 22 l.1 20 26 Lo 19 19 1.0
16 24 “n 1.9 20 26 led 19 19 1.0
17 27 67 Lot 23 52 3.3 19 19 1.0
13 23 20 1.2 24 52 3.6 20 19 1.0
19 26 50 3.5 25 52 3.5 20 19 1.0
20 32 100 a7 23 30 1.9 19 41 2.1
21 22 47 3.5 21 26 1.5 19 41 2.1
22 26 45 3.3 21 26 1.5 19 41 2.1
23 24 46 3.0 21 26 1.5 19 41 2.1
24 24 “b 3.0 21 26 1.5 19 41 2.1

25 23 31 1.9 2 26 1.5 19 41 2.
25 23 31 1.9 21 26 1.5 19 41 2.1
27 23 31 1.9 20 26 1e4 19 32 1.6
28 22 31 1.8 20 20 1.1 19 32 1.6
29 23 31 1.9 2c 2n 1.1 19 32 1.6
20 22 31 1.8 21 20 1.1 19 32 1.6
31 23 18 1.1 -~ - -= 19 32 1.6



MEAN
01 SCHARGE
CAY (CFs)
1 19
2 19
3 19
4 19
5 19
6 19
7 19
8 19
9 19
10 19
1 19
12 18
13 18
14 18
15 g
16 18
17 18
18 19
19 21
20 21
21 21
22 20
23 20
24 20
25 20
26 20
27 20
28 21
29 22
30 20
31 20
TOTAL 602
MEAN
OISCHARGE
oay (CFST
1 18
2 19
3 18
4 13
5 19
6 22
7 23
8 27
9 26
10 23
11 23
12 24
13 23
14 24
15 23
16 24
17 23
18 21
19 21
20 27
21 24
22 22
23 22
24 20
25 20
26 20
27 21
28 21
29 21
30 27
31 -

STREAMS TRIBUTARY TO LAKE MICHIGAN

04125350 POPLAR CREEK NEAR HOXEYVILLE, MICH,--Continued

SUSPENDED-SEDIMENT DISCHARGE, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

JANUARY

MEAN
CONCEN- SEOIMENT
TRATION OISCHARGE

(MG/L) 1 TONS/0AY)
32 1.6
32 1.6
27 1.4
27 1.4
27 lao
27 1.4
27 1.4
27 1.4
17 .87
17 «B7
17 .87
17 .83
17 «83
17 .83
17 .83
16 .78
16 .78
16 .82
16 .91
16 W91
16 .91
16 « 86
18 1.0
18 .0
13 l.0
18 1.0
13 1.0
35 2.0
35 2,1
18 1.0
18 1.0
- 34,60

APRIL

MEAN

CONCEN- SEDIMENT
TRATION DISCHARGE
(MG/L} {TONS/DAY)

N

MEA
OISCHARGE
(CFSY

MEAN

O1SCHARGE

(CFSY

FEBRUARY

MEAN

CONCEN-
TRATION

{MG/L)

MAY

ME AN
CONCEN=~
TRATION
(MG /L)

SECIMENT
DISCHARGE
{TONS/0AY)

1.0

2.0
#51
51
51

.51
51
51
.54
.54

54
54
+39
+39
.39

.39
39
«39
»39
+39

.92

.92

SEDIMENT
DISCHARGE
(TONS/0AY)

MEAN

01 SCHARGE

{CFS)

M
ors
(

EAN

CHARGE

CFs)

MARCH

MEAN
CONCEN-
TRATION

{MG/L)

JUNE

MEAN
CONCEN-
TRAT(ON
(MG/L)

43
340
105

50

36

SEQIMENT
DISCHARGE
(TONS/DAY)

73

.56

1.1

1.1

42.30

SEQIMENT
0L SCHARGE
(TONS/0AY)

2.6
33
6.7
2.9
1.9



70

SUSPENDED-SEDIMENT DISCHARGE, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

JuLy
ME AN
MEAN CONCEN-  SEDIMENT
DLSCHAR GE TRATION  DLSCHARGE
DAY (CFS) (MG/L) (TONS/DAY)
1 14 48 1.9
2 16 8 1.8
3 14 39 l.4
4 14 39 1.5
5 14 39 1.4
6 14 39 1.5
K 14 33 1.4
a 16 85 3.7
9 14 38 1.5
10 le 38 1.5
11 14 38 1.4
12 14 38 1.4
13 15 38 1.6
14 17 90 .2
15 16 42 1.8
16 16 42 1.8
17 le 50 2.2
18 14 42 1.6
19 15 42 1.8
20 14 42 1.6
21 14 29 1.1
22 L4 29 1.1
23 14 29 1.1
24 14 29 1.1
25 14 29 1.1
26 14 29 1.1
27 14 29 L.l
28 14 29 1.1
29 14 29 1.1
30 la 29 1.1
31 14 52 1.9
TCTAL 46T - 49.9

TOTAL DISCHARGE FOR YEAR (CFS~DAY

STREAMS TRIBUTARY TO LAKE MICHIGAN
04125350 POPLAR CREEK NEAR HOXEYVILLE, MICH,.-Continued

MEAN
DLSCHARGE

(CFS)

Sy
TOTAL SUSPENDEO-SEDIMENT DISCHARGE FOR YEAR (TONS)

PARTICLE-SIZE DISTRIBUTION OF SUSPENDED SEDIMENT,

TIME

D1s-
CHARGE
(CFS)

25
32
26

19
21
20

20

AUGUST

MEAN
CONCEN-
TRATION
(MG/7L)

SUS«=
PENDED
SEOI-

MENT
(MG/L)

32
100
47
17
16
18
10

SEQIMENT

DISCHAI
(TONS/

SUS-
PENDED
SEDT=-
MENT
D1S-
CHARGE
(T/0AY)

2.2
8,5
3.2
+90
+90
1.0

#50

RGE
0AY)

2062 MM

47
19
21

41
19
22

MEAN

OISCHARGE

(CFS)

SEPTEMBER

MEAN
CONCEN-
TRATION

(MG/L)

WATER YEAR DCTDBER 1969 TO SEPTEMBER 1970

SEQIMENT
OISCHARGE
LTONS/0AY)

68.6

6864
649,74



STREAMS TRIBUTARY TO LAKE MICHIGAN 71
04125450 PINE RIVER NEAR DUBLIN, MICH,

LOCATION, --Lat 44°10'45", long 85°45'40", in SE}SE} sec.28, T,21 N,, R.12 W,, Wexford County, at County Road No, 50
bridge, 2,5 miles southwest of Hoxeyville,

DRAINAGE ARER,--241 sq mi,

PERIOD OF RECORD, --Sediment records: No r 1967 to 1970 (discontinued),

EXTREMES, --1868-70:
Sediment concentrations: Maximum daily, 405 mg/1 Apr, 10; minimum daily, 7 mg/1 June 27 to July 2,
Sediment discharge: Maximum daily, 833 tons June 3; minimum daily, 3,5 tons June 28 to July 2,

Period of record:
Sediment concentration: Maximum daily, 467 mg/l Feb, 5, 1968; minimum daily, O mg/l Aug. 30, 31, Sept, 1.4,
1969,
Sediment discharge: Maximum daily, 1,010 tons June 27, 1969; minimum daily, O ton Aug, 30, 31, Sept, 1-4, 1969,

REMARKS, --Data analyzed and compiled by Forest Service, U,S, Department of Agriculture, Norht Central Forest Experi-
ment Station, Cadillac, Mich,

SUSPENDED-SEDIMENT OISCHARGE, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

OCTCBER NOVEMBER DEC EMB ER
MEAN MEAN "

MEAN CONCEN-  SEDIMENT MEAN CONCEN-  SEDIMENT MEAN CONCEN-  SEDIMENT

DISCHARGE ~ TRATION  DISCHARGE DISCHARGE  TRATION  DISCHARGE DISCHARGE  TRATION  DISCHARGE

DAY (CFS) (MG/L) (TINS/DAY) (CFS) MG /L) (TONS/0AY) (CFs) (MG/L) (TONS/DAY)
1 213 7 4.0 291 36 28 261 44 31
2 210 7 4.0 105 R 30 250 44 30
3 207 9 5.0 300 36 29 250 44 30
4 204 s 5.0 332 58 52 248 39 26
s 204 9 5.0 363 80 78 248 39 26
s 207 9 5.0 338 58 53 246 39 26
7 224 9 Se4 305 40 33 248 39 26
8 224 ] 5.4 286 39 30 250 39 26
9 221 9 5.4 275 39 29 250 39 26
10 221 9 5.4 267 39 28 250 39 26
11 2r9 20 16 270 39 28 250 39 26
12 332 50 45 275 39 29 250 68 46
13 415 112 125 278 39 29 246 68 45
14 548 207 206 212 39 29 248 68 46
15 440 119 141 258 23 16 248 68 46
16 349 62 se 250 23 16 244 68 45
17 335 51 “6 267 23 17 246 68 45
18 349 62 58 316 46 39 246 68 45
19 325 45 39 385 90 94 246 37 25
20 475 97 124 393 95 101 244 37 24
21 597 133 214 332 57 51 244 37 24
22 553 130 269 202 s 32 244 37 24
23 473 152 194 286 39 30 238 37 24
264 387 98 102 286 19 30 221 37 23
25 338 65 60 291 29 31 227 37 23
26 319 66 57 305 39 32 227 37 23
27 302 66 S 297 39 31 227 28 17
28 302 66 54 2715 44 13 227 28 17
29 289 66 51 272 44 32 224 28 17
30 278 66 50 264 44 31 224 28 17
1 278 36 27 -- -- - 224 28 17
TCTAL 10108 - 2135.6 8936 - 1121 7502 - 892

JANUARY FEBRUARY MARCH

1 221 28 17 227 30 18 210 20 11
2 221 28 17 241 71 46 199 20 11
3 224 59 16 238 71 46 202 20 11
4 224 59 36 232 32 20 258 “8 33
H 224 59 36 224 32 19 308 72 60
6 221 59 3s 221 32 19 289 63 49
7 221 59 35 218 32 19 278 58 44
8 221 59 35 216 32 19 250 45 10
9 221 20 12 21s 12 19 248 45 30
10 221 20 12 216 32 19 246 45 30
11 218 20 12 216 32 19 241 40 26
12 218 20 12 216 32 19 241 40 26
13 218 20 12 216 57 33 23D 3s 22
14 218 20 12 216 57 33 224 32 19
15 218 2n 12 218 57 33 210 25 14
16 218 9 5.3 216 57 33 207 22 12
17 218 9 5.3 210 57 a2 207 22 12
18 218 9 5.3 202 57 31 207 22 12
19 218 9 5.3 202 57 31 207 22 12
20 218 9 5.3 196 57 30 235 30 19
21 218 9 5.3 196 17 9.0 244 30 20
22 218 a 5.3 199 17 9.1 256 3s 24
23 218 26 15 199 17 9.1 278 44 33
24 218 26 15 199 17 9.1 302 50 41
25 218 26 15 204 17 9.4 3l6 55 47
26 218 26 15 202 17 9.3 322 60 52
27 218 26 15 213 17 9.8 286 50 39
28 218 26 15 196 20 11 291 72 57
29 230 50 31 -- -- - 258 72 50
30 230 49 25 -- - 264 12 51
31 227 30 18 - -- -- 261 12 51

TCTAL 6830 -- 532.1 5963 -- 613.8 7775 - 948
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MEAN
DISCHAP GE
DAY (CFS)
1 253
2 258
3 248
4 250
5 256
6 30D
7 330
8 446
9 713
10 668
1L 547
12 483
13 470
14 470
15 465
le 465
17 463
18 435
19 387
20 409
21 483
22 454
23 4l2
24 393
25 357
26 330
27 311
28 302
29 294
33 302
31 -
Toral 11954
MEAN
UISCHARGE
DAY LCFS)
1 185
2 185
3 182
4 182
5 182
6 182
7 176
8 204
9 238
10 204
11 193
12 182
13 182
14 160
15 193
16 193
17 196
18 188
19 188
20 188
21 182
22 176
23 174
24 174
25 176
26 176
27 12
28 188
29 182
20 179
3 176
TOTAL 5778

TCTAL DISCHARGE FOR YEA®

STREAMS TRIBUTARY TO LAKE MICHIGAN

04125450 PINE RIVER NEAR DUBLIN, MICH.--Continued

SUSPENDED-SEDIMENT DISCHARCGE,

WATER YEAR GCTOBER 1969 TO SEPTEMBER 1970

APRIL MAY
MEAN MEAN
CONCEN-  SEDIMENT MEAN CONCEN-  SEDIMENT MEAN
TRATIUN  DISCHARGE DISCHARGE ~ TRATION  DISCHARGE DISCHARGE
(MG/ L) (TONS/DAY) (CFS) (MG/L) (TONS/DAY) (CFS
72 45 346 85 79 235
72 50 371 90 90 401
32 21 335 80 12 R12
32 22 294 6l 48 633
32 22 275 45 33 429
32 26 253 30 20 319
65 58 246 27 18 275
194 234 241 24 18 250
399 768 232 15 9.4 235
4D5 730 235 17 1L 224
295 436 244 26 17 218
240 313 253 4n 27 218
302 382 278 65 49 210
282 358 294 75 60 202
262 329 291 75 59 207
284 357 208 85 71 213
307 384 297 80 64 213
252 294 261 57 40 216
150 157 244 35 23 213
179 198 232 30 19 199
159 207 224 25 15 190
142 172 230 30 19 190
102 113 24l 40 26 190
102 108 253 50 34 193
99 87 313 217 183 202
75 67 327 105 93 199
12 59 283 70 53 188
65 53 253 45 31 185
60 48 246 40 27 185
65 53 232 30 19 185
-- -- 238 35 22 --
- 6155 837C - 1349.4 7829
JuLy AUGUST
VEAN MEAN
CONCEN=  SEDIMENT MEAN CONCEN-  SEDIMENT MEAN
TRATIIN  DISCHARGE DISCHARGE  TRATION  DISCHARGE DISCHARGE
(MG /L) (TCNS/CAY) (CFS) (M6/L) (TONS /DAY ) (CFS)
7 3.5 176 16 7.6 168
7 3.5 176 16 7.6 168
13 504 176 16 7.6 182
13 6.4 176 16 7.6 207
13 X3 176 16 7.6 199
13 6ot 174 16 7.5 182
13 6.2 17 10 4eb 182
20 11 174 1o 4aT 190
40 2¢ 168 10 4.5 199
25 14 165 10 45 185
22 11 165 10 4.5 176
22 11 168 10 4.5 174
22 11 165 10 445 176
22 1L 165 17 7.6 182
22 11 162 17 Tes 190
22 11 160 17 7.3 193
17 9.0 160 17 7.3 196
17 €.6 165 17 7.6 202
17 8.6 m 17 7.8 199
17 8.6 182 17 8.4 190
17 8.4 17 19 8.8 179
17 8.1 168 19 8.6 190
17 2.0 168 19 8.6 193
13 bal 168 19 R.6 250
13 6.2 168 19 8.6 281
13 6.2 168 19 8.6 256
13 644 165 19 8.5 230
13 646 165 19 8.5 218
13 644 165 19 8.5 202
13 €03 168 19 8.6 193
15 7.6 168 67 30 -
-- 26649 5237 - 24646 5932
(CFS=DAYS)

YCTAL SUSPENDED-SEDIMENT NISCHARGE FDR YEAR (TONS)

JUNE

MEAN
CONCEN-
TRATION
(MG/L)

SEPTEMBER

MEAN

CDNCEN-
TRATION

(MG/L)

SEDIMENT
DISCHARGE
(TCNS/DAY)

22
241
833
480
434

SEDIMENT
DISCHARGE
{TCNS/DAY)

640.1

92214
17335.6



STREANS TRIBUTARY TO LAKE MICHIGAN

04125450

PINLC RIVER NEAR DUBLIN, MICH.--Continued

PARTICLE-SIZE DISTRIBUTION OF SUSPENDED SEDIMENT, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

SUS~
PENDED

DIs- SEDI~

TIME CHARGE MENT
(CFS) (MG/L)
1440 432 115
1635 46 110
1035 525 207
1020 446 119
1040 335 Sl
1130 468 93
1600 519 101
1020 600 133
1030 548 180
0955 393 98
111s 302 66
1118 218 20
1020 246 9
1100 226 26
1100 261 71
1040 216 32
1020 305 32
1300 463 196
1520 771 350
1220 647 405
0945 465 307
1015 404 179

1130 874 388

SUS- sus, Sus. SUS. Sus. sus, sUs,
PENOED SEO. SED. SED. SED. SED. SEDe
SEOI~ SIEVE SIEVE SIEVE SIEVE SIEVE SIEVE

MENT DIAM, DIAM. DIAM, DIAM. NIAM, DIAM.
DIS~- % FINER % FINER % FINER % FINER % FINER % FINER
CHARGE THAN THAN THAN THAN THAN THaN
(T/DAY) .062 MM .125 MM 250 MM ,500 MM 1,00 MM 2,00 MM

134 38 - - - - .-
132 40 -- - - -
293 28 - -—-
143 24 -- -
46 25 - -
118 33 - - - - -
142 38 45 71 92 97 100
215 31 - .- - - -
266 15 - - - --
104 13 - .- --
S 15 - - - -
12 0 - -- - - -
6.0 67 -— - -- -
16 31 - - - - --
46 10 - -— - - -
19 25 - - - - -
26 25 - - - - -
232 32 - - - -
729 39 ~— - - -
707 16 - - - -
38s 7 - - - .
195 15 - - - - -
916 3s - - - - -
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74 STREANMS TRIBUTARY TO LAKE MICHIGAN
04125510 PINE RIVER NEAR WELLSTON, MICH.

LOCATION,--Lat 44°12'50", long 85°53'45", in NWiSw} sec.16, T.21 N,, R.13 W., Manistee County, at Stronach Dam,
3 miles east of Wellston,

DRAINAGE AREA,--265 sq mi,
PERIOD OF RECORD, --Sediment records: October 1966 to September 1970,

EXTREMES, 1969-70:
Sediment concentrations: Maximum daily, 550 mg/l June 3; minimum daily, 44 mg/1 on several days in January,

SUSPENDED-SEDIMENT DISCHARGE, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

OCTOBER NOVEMBER DECEMBER
MEAN MEAN MEAN
MEAN CONCEN-  SEDIMENT MEAN CONCEN-  SEDIMENT MEAN CONCEN-  SEDIMENT
DISCHARGE ~ TRATION  DISCHARGE DISCHARGE ~ TRATION  DISCHARGE DISCHARGE ~ TRATION  OISCHARGE
DAY (CFS}H (MG/LY (TONS/CAY) (CFS) (MG/L) (TONS/DAY) (CFS$) (NG/L) (TONS/DAY)
1 274 175 129 172 151 152 339 54 49
2 274 175 129 372 151 152 330 54 48
3 266 167 120 381 151 155 322 54 47
“ 266 167 120 411 170 189 330 54 %8
5 266 167 120 450 190 231 322 61 53
6 274 167 124 421 176 193 322 61 53
7 282 167 127 381 151 155 322 61 53
8 282 167 127 355 100 96 330 61 54
9 274 167 124 347 69 65 330 61 54
10 282 152 116 339 69 63 330 61 54
11 347 152 142 339 69 63 330 61 54
12 381 152 156 347 69 &5 322 65 57
13 470 160 203 347 69 65 322 65 57
14 600 205 332 339 65 59 322 65 57
15 534 111 160 339 65 59 322 65 57
16 440 100 119 139 65 59 314 65 55
17 421 96 109 347 65 61 314 65 55
18 421 96 109 381 92 95 322 65 57
19 391 % 101 470 160 203 322 65 s7
20 545 119 175 480 170 220 322 74 64
21 704 359 682 421 149 169 314 T4 63
22 693 319 597 372 149 150 314 74 63
23 612 241 354 364 149 146 305 74 61
24 513 147 204 364 149 146 305 74 61
25 440 135 160 364 149 146 305 T4 61
26 421 132 150 372 149 150 305 76 61
27 401 129 14C 372 149 150 305 64 53
28 381 129 133 364 54 53 305 64 53
29 372 129 130 347 54 51 305 64 53
30 364 129 127 339 54 49 305 64 53
31 364 151 148 - - -- 305 64 53
TOTAL 12555 - 5667 11236 - 3610 9862 - 1718
JANUARY FEBRUARY MARCH
MEAN MEAN MEAN
MEAN CONCEN-  SEDIMENT VEAN CONCEN-  SEDIMENT MEAN CONCEN-  SEDIMENT
DISCHARGE ~ TRATION  DISCHARGE DISCHARGE ~ TRATION  DISCHARGE DISCHARGE ~ TRATIGN  DISCHARGE
DAY (CFS) (MG/L} (TDNS/DAY) (CFS) (MG/L) (TONS/DAY) (CFS) (MG/L) (TONS/DAY)
1 297 64 51 289 63 49 258 84 59
2 297 44 35 305 63 52 258 84 59
3 297 44 35 297 63 51 266 90 65
4 297 44 35 289 63 49 322 150 130
5 297 44 3s 289 63 49 372 205 206
6 289 44 34 282 57 43 3712 205 206
7 274 44 33 282 57 43 355 185 177
8 274 44 33 274 57 42 330 160 143
9 274 75 55 274 57 42 305 133 110
10 289 75 59 274 57 42 305 133 110
11 239 75 59 274 57 42 297 128 103
12 297 75 60 266 57 41 297 128 103
13 297 75 60 266 57 41 289 120 94
14 289 75 59 258 57 40 289 120 9%
15 289 75 59 258 57 40 282 115 88
16 289 92 72 258 224 156 266 107 77
17 289 92 72 258 77 54 266 107 77
18 289 92 72 258 77 54 274 107 79
19 289 92 72 258 77 S4 282 107 81
20 289 92 72 258 77 54 305 111 91
21 289 92 72 258 77 54 314 111 94
22 289 92 72 258 77 54 322 111 97
23 289 75 59 258 77 54 347 111 104
24 289 75 59 266 77 55 372 130 131
25 289 75 55 274 77 57 381 135 139
26 289 75 59 274 77 57 391 140 148
27 282 75 57 266 77 55 364 125 123
28 282 75 57 258 84 59 347 110 103
29 289 75 59 -~ - - 322 95 83
30 297 83 51 - - - 347 92 86
31 289 63 49 - - -- 339 92 84

TCTAL 8964 - 17115 7579 - 1483 9836 bt 3344



STREAMS TRIBUTARY TO LAKE MICHIGAN 75
04125510 PINE RIVER NEAR WELLSTON, MICH.--Continued

EXTREMES, 1969-70.-~Continued
Sediment discharge: Maximum daily, 1,220 tons June 3; minimum daily, 33 tons Jan, 7, 8.
Period of record:
Sediment concentrations: Maximum daily, 710 mg/1 Dec, 9, 1966; minimum daily, 29 mg/1 Mar. 7-13, 1969,
Sediment discharge: Maximum daily, 2,390 tons De¢, 9, 1966; minimum daily, 21 tons Mar, 11-13, 1969.

REMARKS, --Data analyzed and compiled by Forest Service, U.S. Department of Agriculture, North Central Forest Experi-
ment Station, Cadillac, Mich,

SUSPENOED-SEDIMENT OI SCHARGE, WATER YEAR OCTOBER 1969 YO SEPTEMBER 1970

APRIL MAY JUNE
MEAN MEAN MEAN
MEAN CONCEN-  SEDIMENT MEAN CONCEN-  SEDIMENT MEAN CONCEN-  SEDIMENT
DISCHARGE ~ TRATIDN  DISCHARGE DISCHARGE  TRATION  DISCHARGE DISCHARGE ~ TRATION  DISCHARGE
Day (CFS) (MG/L) (TONS/DAY) 1CFS) (MG/L) (TONS/DAY Y (CFS}H {MG/L} (TONS/DAY)
1 339 Q2 84 421 137 156 322 55 48
2 339 92 84 450 137 166 450 350 425
3 330 92 82 421 137 156 822 550 1220
4 330 a2 82 381 96 99 793 483 1030
5 337 92 B84 364 a6 104 556 laT 221
6 401 206 223 347 96 50 416 115 129
7 421 203 231 339 9 86 364 105 103
8 491 199 264 122 104 90 351 103 S8
9 752 383 778 322 104 90 326 103 91
10 775 385 806 34 104 AR 314 103 87
11 659 300 541 322 1064 90 305 103 85
12 612 258 426 335 104 a5 301 90 73
13 567 295 452 355 104 100 301 S0 73
14 556 255 383 381 104 107 301 90 73
15 545 215 e 372 147 148 297 90 72
16 534 189 260 391 147 151 301 90 73
17 534 146 211 372 147 148 301 90 73
18 513 146 202 155 147 141 301 90 73
19 460 122 149 334 125 113 301 121 98
20 513 295 41c 318 118 101 289 121 94
21 556 294 444 305 105 86 282 121 92
22 545 242 356 305 105 86 282 121 92
23 513 200 217 314 110 $3 274 121 90
26 460 137 17¢ 334 130 17 274 121 90
25 421 137 156 386 160 167 278 121 s
26 421 137 156 425 160 184 278 108 81
27 381 137 141 391 114 120 274 108 80
28 364 137 135 360 85 83 274 108 80
29 355 137 131 330 60 53 274 108 80
30 372 137 138 330 60 53 266 108 80
3 - -- -- 322 55 48 - - --
TOTAL 14406 - 8172 11003 -- 3409 10468 -- 5055
JuLy AUGUST SEPTEMBER
MEAN MEAN MEAN
MEAN CONCEN-  SEDIMENT MEAN CONCEN-  SEDIMENT MEAN CONCEN-  SEDIMENT
UISCHARGE ~ TRATION  DISCHARGE DISCHARGE ~ TRATION  DISCHARGE DISCHARGE ~ TRATION  O1SCHARGE
DAY (CFs) (MG/L) (TONS/DAY) 1CFS) (MG /L) (TONS/DAY) (CF$) (MG/L ) {TONS/0AY)
1 266 108 78 258 90 63 242 181 118
2 266 108 78 250 90 61 242 181 118
3 266 117 84 250 20 61 250 181 122
4 266 117 84 250 90 61 266 278 200
5 266 117 84 250 90 61 274 218 206
5 266 17 84 250 90 61 266 278 200
7 266 17 84 242 72 47 266 278 200
8 278 241 181 242 72 471 266 278 200
9 314 158 134 22 72 a7 282 278 212
10 289 158 123 262 72 47 274 278 206
12 279 158 115 242 72 47 258 278 194
12 270 189 138 242 72 47 250 293 198
13 266 189 136 242 72 47 254 293 201
14 274 107 75 242 72 47 254 293 201
15 278 107 80 242 72 47 266 293 211
16 282 107 81 242 72 47 278 293 220
17 282 107 81 242 72 a7 282 293 223
18 274 107 79 242 72 47 289 293 229
19 274 107 79 250 72 49 286 86 66
20 274 107 79 250 T2 49 270 86 63
21 266 107 77 242 24> 158 258 86 60
22 258 107 75 242 242 158 258 86 60
23 258 107 75 242 242 158 266 86 62
24 258 128 85 246 2472 161 347 153 143
25 258 128 a9 246 242 161 364 153 150
26 258 123 89 246 242 23 351 100 95
27 258 128 89 246 242 161 314 69 59
28 266 128 92 246 181 120 305 69 57
29 258 128 89 246 181 120 286 69 53
30 258 128 89 246 181 120 282 69 53
31 258 ag 63 246 181 120 - - --
TOTAL 8341 - 2877 7606 -- 2628 8346 - 4380
TCTAL OISCHARGE FOR YEAR (CFS-DAYS) 120202

TOTAL SUSPENDED-SEDIMENT DISCHARGE FOR YEAR (TOAS) 44098
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STREAMS TRIBUTARY TO LAKE MICHIGAN

04125510 PINE RIVER NEAR WELLSTON, MICH,--Continued

PARTICLE~SIZE DISTRIBUTION OF SUSPENDED SEDIMENT,

TIME

1115

SUS-

PENDED

OIS~ SEDI-
CHARGE MENT
(CFS) (MG/L)
606 205
550 119
716 359
693 319
301 75
289 92
289 75
305 63
274 57
693 383
787 385
567 295
550 215
539 146
496 296
567 262
381 137
322 S5
391 155
567 580
816 570
929 530
799 483
536 147
355 103
301 90
282 121
2% 108
266 117
270 241
322 158
270 189
274 107
258 128
254 90
242 72
246 242
246 181
270 278
254 293

Sus-
PENDED
SEDI=-
MENT

(T/RAY)

335
204
694
597

61
72
59

52
42

«062 MM

WATER YEAR OCTOBER 1969 T0

SUS.
SEO.
SIEVE
CIAM,
% FINER
THAN
250 MM

SUS.
SED.
SIEVE
OIAM,
% FINER
THAN
+500 MM

SEPTEMBER 1970

THAN
1,00 MM




STREAMS TRIBUTARY TO LAKE MICHIGAN

04126200 LITTLE MANISTEE RIVER NEAR FREESOIL, MICH.

7

LOCATION, --Lat 44°11'00", long 86°10'00", in NE{NE} sec.31, T.21 N,, R,15 W,, Manistee County, temperature recorder
at gaging station on right bank, 25 ft upstream from Sixmile Bridge, 5.8 miles north of Freesoil, 7.4 miles up-

stream from mouth, and

DRAINAGE AREA,--200 sq mi,

PERIOD OF RECORD,.-Chemical analyses:

Water temperatures:

EXTRENES, --1969-70:

Water temperatures:

February,

Period of record:
Water temperatures:
during winter periods,
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October 1968 to September 1969 (periodic),

October 1956 to September 1970,

9 miles southeast of Manistee,

Naximum, 21,0°C July 1, 2, 31; minimum, freezing point on several days during December to

Maximum, 22,5°C June 17, 18, 1957, July 15, 16, 1968; minimum, freezing point on many days

TEMPERATURE (°C) OF WATER, WATER YEAR DCTOBER 1969 TO SEPTEMBER 1970
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78 STREANS TRIBUTARY TO LAKE MICHIGAN
04127000 BOARDMAN RIVER NEAR MAYFIELD, MICH,
LOCATION. --Lat 44°38'18", long 85°31'10", in SE}NE} sec.21, T.26 N,, R,10 W., Grand Traverse County, temperature re-

corder at gaging station on right bank, 25 ft downstream from Brown’s Bridge, 300 ft downstream from East Creek,
0.9 mile downstream from Brown’s Bridge Dam, 1 mile northeast of Mayfield, and 9,6 miles southeast of Traverse

City.
DRAINAGE AREA,--223 sq mi.

PERIOD OF RECORD, --Chemical analyses: October 1968 to September 1969 (periodic).
Water temperatures: June 1961 to September 1970,

EXTREMES, --1969-70: .
Water temperatures: Maximum, 20,5°C July 18; minimum, freezing point Jan, 25-29,

Period of record:
Water temperatures: Maximum, 23,0°C July 2, 1963; minimum, freezing point on many days during winter periods,

REMARKS, --Flow regulated by powerplant 0.9 mile above station,

TEMPERATURE (°C) OF WATER, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

oAy ocT NOV DEC JaN FER MAR
MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN
1 12.0 11.5 6.5 6.5 3.0 1.0 0.5 0.5 1.5 1.5 1.5 1.5
2 12.0 12.0 7.0 645 1.5 1.0 0.5 045 1.5 1.5 1.5 1.5
3 14.0 12.0 7.0 7.0 1.5 1.0 0.5 0.5 1.5 1.5 2.0 1.5
4 14.0 14.0 7.0 6.0 1.0 1.0 0.5 0.5 1.5 1.0 2.0 2.0
5 14.0 14.0 6.0 6.0 1.0 1.0 0.5 0.5 1.0 1.0 3.0 2.0
L] 14.0 13.0 6.0 6.0 1.0 1.0 0.5 0.5 1.0 1.0 3.0 3.0
7 13.0 12.0 6.0 .0 1.0 1.0 0.5 0.5 1.0 1.0 3.0 3.0
8 12.0 12.0 6.0 6.0 1.0 1.0 0.5 0.5 1.0 1.0 3.5 3.0
9 12.0 12.0 6.0 6.0 1.0 1.0 0.5 0.5 1.0 1.0 3.5 3.5
10 12.0 12.0 6.0 5.5 1.0 1.0 0.5 0.5 2.0 1.0 3,5 3,5
11 12.0 12.0 5.5 5.5 1.0 1.0 0.5 0.5 2.0 2.0 3.5 3.5
12 12.0 12.0 5.5 545 1.5 1.0 0.5 0.5 2.0 2.0 3.5 3.0
13 12.0 11.0 5.5 5.5 1.5 1.5 0.5 0.5 2.0 2.0 3.0 3.0
14 11.0 10.5 5.5 5.5 1.5 1.0 0.5 0.5 2.0 2.0 3.0 3.0
15 10.5 10.5 5.5 5.0 1.0 0.5 0.5 0.5 2.0 1.5 3.0 3.0
16 10.5 10.0 5.0 4.5 0.5 0.5 0.5 0.5 1.5 1.5 3.0 2.0
17 10.0 9.5 4.5 4.0 0.5 0.5 0.5 0.5 1.5 1.5 2,0 1.0
18 9.5 9.5 4.0 4.0 0.5 0.5 0.5 0.5 1.5 1.5 2.0 2.0
19 9,5 9.0 4.0 4.0 0.5 0.5 0.5 0.5 1.5 1.5 3.0 2.0
20 9.0 9.0 4.0 4.0 045 0.5 0.5 0.5 1.5 1.5 3.0 3.0
21 9.0 9.0 4.0 4.0 0.5 0.5 0.5 0.5 1.5 1.5 3.0 3,0
22 9.0 8.5 4.0 3.5 0.5 0.5 0.5 0.5 1.5 1.5 3.0 3.0
23 8.5 8.0 3.5 3.0 0.5 0.5 0.5 0.5 1.5 1.5 3.5 3.0
24 8.0 7.0 3.0 3.0 0.5 0.5 0.5 0.5 1.5 1.5 3.5 3,5
25 7.0 7.0 3.0 3.0 0.5 0.5 0.5 0.0 1.5 1.5 3.5 3.5
26 7.0 7.0 3.0 3.0 0.5 0.5 0.0 0.0 1.5 1.5 3.5 3.5
27 7.0 7.0 3.0 3.0 0.5 0.5 0.0 0.0 1.5 1.5 4.0 3.5
2B 7.0 7.0 3.0 3.0 0.5 045 0.0 0.0 1.5 1.5 4.0 4,0
29 7.0 6.5 3.0 3.0 0.5 0.5 1.0 0.0 - - 4.0 4.0
30 6.5 6.5 3.0 3.0 0.5 0.5 1.5 1.0 - - 4.0 4.0
31 6,5 6.5 -— - 0.5 0.5 1.5 1.5 - - 4.0 4,0
AVG 10.2 9.9 4.8 445 0.8 0.7 0.5 Oe4 1.5 1.4 3.0 2.8

DAY APR MAY JuN JuL AUG SEP
MaX MIN Max MIN MAX MIN MAX MIN MAX MIN MAX MIN
1 4.0 4.0 14.0 11.0 15.5 15.0 19.5 19.5 20.0 19.0 15.5 14,5
2 4.0 4.0 13.0 12.0 15.5 15,5 19.5 19.0 19.5% 18,5 14.5 1445
3 4.0 4.0 13.0 11.5 l6.0 14.5 20.0 1945 19.5 18.0 14.5 13,0
“ 4.0 4.0 12.5 11,5 1445 14.0 19.5 19.0 19,5 1.0 14.0 13.5
5 4.0 4.0 12.5 11.5 15.0 14.0 20.0 1R.5 18.5 17.5 15.5 14.0
Ll 4.0 4.0 11.5 11.0 15.0 14.5 19.0 18.5 17.5 17.0 15.5 14.0
7 4.0 4.0 11.0 10.5 15.0 14.5 19.0 18.5 1745 17.0 15.0 14,5
8 4.0 4.0 11.5 10.0 15.5 15.0 19.0 19.0 18.5 17.5 16.5 15.0
Q 4.0 4.0 12.0 11.0 16.5 15.5 19.5 19.0 20,0 18.5 16.5 16.0
10 5.0 4.0 12.5 11.5 17.5 16.5 19.5 19.0 1R.5 18,0 16.0 14.0
n 5.0 5.0 13 .0 12.0 18,0 17.5 19.0 18.5 18,0 17.% 14.5 14,0
12 5.0 5.0 13.0 13.0 19,5 18.0 19,5 18,5 17.5 17.5 14.5 14.0
13 5.0 5.0 13.0 12.5 19.5 1845 19.0 1R.0 1745 17.0 14,0 14.0
14 5.5 5.0 12.5 11.5 18.5 17.5 18.5 18.5 17.5 17.0 14,0 14,0
15 645 5.5 11.5 10.5 17.5 17.0 18.5 16.0 1R.0 17.5 14.0 12.5
16 6,5 6.0 10.5 10.0 17.0 16.0 19.0 18.0 17.5 17.5 13.0 12,5
17 £.0 6.0 11.0 10.0 17.5 16.0 19.5 19.0 19.0 17.5 13.0 13.0
18 6.0 6.0 11.0 10.5 1R.5 17.0 2045 19.5 18,5 1R.0 13.0 12.5
19 6.0 6.0 14.0 11.0 1.5 17.5 20.0 18.0 18,0 17.0 13.0 12.5
20 6.0 5.5 14.0 l4.0 17.5 17.0 19.0 18.5 1R.0 17.0 13.0 13,0
21 5.5 5.5 14.0 13.5 17.0 16.5 19.0 18.0 17.5 17.5 14.5 13.0
22 5.5 5.5 15.0 13.5 17.5 15,5 18,5 18.5 17.5 17.0 14.5 14.5
23 5.5 5.5 15.0 15.0 16.5 15.5 19.0 18,5 17.5 16.5 15.0 14,5
24 6.0 5.5 15.0 15,0 17.5 16.0 18,5 1745 16.0 16.0 15.0 13.0
25 6.5 6.0 15.0 12.5 1R.5 17.0 18,0 18,0 1645 16.0 14.5 14,0
26 9.0 6.5 13.0 12.5 1R.5 17.5 1R.5 18.0 175 15.5 14.5 14,5
27 11.0 3.0 13.0 13.0 18.0 17.0 18,5 18.0 17.0 15.0 14,5 13,5
28R 13,5 11.0 13.0 13.0 1745 16.0 19.5 18.5 16.0 15.0 13.5 12.0
29 14.0 13.5 14.0 13.0 17.5 15.0 19.5 17.5 16.0 15.5 12.0 11.5
30 14.0 13.0 14.5 14,0 19.5 17.5 20.0 19.0 1545 14.0 11.5 11.5
31 - - 15.0 14.5 - - 19.5 18.5 16.0 15,0 - -—

AVG 6.3 5.8 13.0 1241 17.2 1641 19.2 1R.4 17.7 16,9 ° 14.3 13.5



04127800 JORDAN RIVER NEAR EAST JORDAN, MICH,

STREANMS TRIBUTARY TO LAKE MICHIGAN

79

LOCATION, --Lat 45°06'09", long 85°05'53", in NWiNW} sec.7, T.31 N., R.6 W., Antrim County, temperature recorder at
gaging station on right bank, 600 ft downstream from Webster Bridge, 4,2 miles south of East Jordan, and
4,5 miles upstream from mouth,

DRAINAGE AREA,--67-6 sq mi.

FERIOD OF RECORD,--Chemical analyses:

Water temperatures:

EXTREMES, --1969-70:

Water temperatures:
and March,

Period of record:

Water temperatures:

REMARKS, --A summary of periodic specific conductance data for this station is included in analyses of samples

periods,

October 1968 to September 1969 (periodic),

October 1966 to September 1970,

Maximum, 18.0°C June 17, 18; minimum, freezing point on many days during December, January,

Maximum, 19,0°C July 15-17, 1968; minimum, freezing point on many days during winter
g

collected at miscellaneous sites in Michigan.

act

TEMPERATURE (°C)} DF WATER, WATER YEAR DCTOBER 1969 TO SEPTEMBER 19TO

MAX

NOV

14.0

1440

12.0

13.0
14.0
1445
15.0
15.5

15.5
13.5
13.5
13.0
14.5

15.0
15.5
12.0

11.5

11.5
14.0
14.5
11.0
12.5

11.0

———~—— 00500
Suhauno whnun

o
o

15.0

16,0
16.0
14.0
13.5
15.5

16,5
16.5
1545
15.5
16.0

16.0
16.0
15.5
13.5
14.0

15.0
15.0
15.5
16.5
17.5

17.5
17.0

JAN

JOL

ooooo
[CRURURCRE

OOM~—-O 20000

15.0
15.0
12.0
11.0
12.0

13.5
14«0
12.5
13.0
17.5

15.0
15.0
14.5
14.5
13.5

14.5
14.0

17.0
15.5
14,0
14,0
14.5

1445
16.0
16,0
16,0
16.0

1h.0
16,0
16,9
16,5
1han

16.0
14,0
15.0
15,5
15.5

13.5
13.5
1440
1445
15.5

15.5
13.5
11.5
13.5
1344

FER

AUG

14,5
14.0
12.0
12.0
13.0

13,5
13.5
14,0
14,5
15.0

15.0
14,5

15.5

12.%
12.5
14,0
14.0
14.0

16,0

13.5

MAR

SEP

17.5



80 STREAMS TRIBUTARY TO LAKE HURON
04128000 STURGEON RIVER NEAR WOLVERINE, MICH.

LOCATION, --Lat 45°17'56' , long 84°36'40", in SEINE} sec.36, T.34 N., R.3 W., Cheboygan County, temperature .ecorder
at gaging station on left bank, 1.8 miles north of Wolverine, 2,8 miles downstream from West Branch, and 9 miles
upstream from mouth,

DRAINAGE AREA,--170 sq mi, approximately,

PERIOD OF RECORD,--Water temperatures: October 1958 to September 1970,

EXTREMES, -~1969-70:

#ater temperatures: Maxamum, 21,5°C July 2, 17; minimum, freezing point on many days during February and
March,

Period of record:
Water temperatures: Maximum, 24,0°C June 30, 1964; minimum, freezing point on many days during winter periods,

REMARKS, --Intermittent ice cover during winter periods, Intermittent regulation at low flows from ponds 2.4 miles

upstream,
TEMPERATURE (°C) DF WATER, WATER YEAR OCTOBER 1969 7O SEPTEMBER 1970
oav 1 Ny neo dan FEr MaR
Max N Max MIN May MIN MaY MAY MIn MBX [
1 120 10.0 ne0 5.0 1.5 1.5 0.5 1.0 0.5 0.0 .0
2 *13.0 12.n b.5 £a0 1.5 1.5 0.5 1.0 1.0 0.5 1.0
3 13,0 12.% A5 5.5 1.5 1.5 0.5 1.0 1.0 1.0 O.n
“ 12.° 11.0 5.5 5.5 1.5 1.5 0.5 1.0 1.0 1.0 {8\
S 12.0 10.5 5.9 S 1.5 1.0 0.5 1.0 t.5 .0 1.0
- 11.5 11.0 5.9 .5 7.0 1.5 0.5 0.5 0.5 4.0 7.0
M 1z2.0 17.0 4.5 4.5 2.0 1an 0.5 0.5 0.5 PN 1.1
) 12.0 10.5 5.0 4.5 2.0 1.5 0.9 1.0 0.5 1.0 [E
9 10.5 10.0 5.0 “an 7.0 2.0 a.5 0.5 0.5 0.5 Ve
19 11.5 10.0 LR 5.0 2.0 2.0 0.5 0,5 Nt 0.5 (AP
1 i1.0 10.5 6.7 S.5 2.0 2.0 0.5 0.5 0. 0.5 [
12 11.0 10.0 6.0 s.0 2.0 7.0 0,% 0.5 0.5 0.5 G-
13 10.0 10.0 5.0 “.5 2.0 2.0 0.5 0.5 0uh 0.5 N
s 10.0 9.5 “.5 “wa 0 2.0 2.0 0.5 0.5 cun 1.0 tet
1% 9.5 Fan “un e 2.0 1. 0. 0.0 o0 1.0 s
I A0 R, an 3.5 1. 1.5 0.~ n, 0.0 1.0 b5
L AL " L.5 3.5 1.5 - N 6.7 [48Y) 0 fan
15 R.0 7.0 542 4.5 1e i oo Ta 0.0 s 1.°
19 7.0 7.0 5.5 2.5 L roe o 0.0 Cou R s
2n 4.0 s 3.5 *.4 - t s [ ~a0 roo W) 1.7
21 “.0 7.0 3.0 2.0 1.5 1.5 0.5 A N 4.0 1.0
22 7.0 5.5 2.0 2.0 1.5 1.0 0.5 0.5 0wt 4.0 a0
23 Sen S.0 3.0 2.0 1.0 1.0 n,= AP [ 4.0 4.
26 5.5 5.0 .5 3.0 1.0 1.0 0.5 1.0 O P 4t
25 LR 5.5 3.5 3.5 1.0 1.0 0.5 1.0 0.5 ‘o 4.0
2¢ 6e5 6.5 3.5 1.5 1.0 1.0 0.5 0s 0.5 “a5 2.5
27 ha5 ha 0 £ 2.0 1.0 1.0 [ 0. 0.0 2.5 7.0
28 6.0 5.5 7.0 1.5 1.0 0.5 0.5 0.0 0.0 2.5 2.0
24 8.5 5.0 1.5 1.5 0. 0.4 Tt - 2.h Fe
30 5.0 5.n 1.5 1.5 n.5 0.~ .- - 3.0 Zat
31 5.0 5.0 - -- 0.5 0. 0.9 —- - 3.0 ?.n
AVE R.G R.2 4.3 3.7 1.4 1.7 f.5 N Db 0.3 7.1 1.~
nay ArR MaY N e AG e
Max MIN Max MIn Max MIN Max MI& MaX AR MAX Myh
1 3.5 2.5 15.0 13.5 1h.5 1445 21.0 15.0 21.0 19,0 14.5 12,5
2 3.5 3.5 13.5 10.5 16.0 12.5 ?21.5 18.0 20.0 17.0 14.5 13.0
3 “.5 3.0 10.5 9.5 16,5 11.0 21.0 1R.0 18,5 1hah 14,0 li.e
& 4.5 4.0 12.5 9.5 16.0 11.5 18,0 15.% 16,5 15.0 15,5 ra,n
s 5.0 [ 11.5 Q.S 16,5 12,5 18,9 14.0 17.0 Yoo 1R.0 14,
3 5.0 5.0 10.5 a.5 16,9 13.0 19.0 15.0 18,0 100 15,5 14,0
7 a.5 5.0 10.5 a.a R0 14.0 20.0 16,5 14,68 1h.a 17,8 1e .
A 5.5 5.5 12.5 9.5 1s.n 15.0 20.0 17.5 1944 1e.0 1.0 1A,
o auh 4.5 12.5 11.0 19.0 15.5 8.0 16.5 19.0 16" 1645 14,5
1w bab 4.0 125 10.5 19,5 6.0 17,5 16,0 14,0 P JE JENE
1 5.5 4.0 12.% 10.5 140 16,5 20.0 1645 1R.0 1hL5 1445 14,5
12 b0 4,5 12.0 0.5 1R, 0 10.0 20.5 17.5 19.0 1ALS 1¢.0 17,5
13 b.h 5.0 11.5 s 17.0 14.n 20.0 175 19,5 taen 14.0 13.0
14 R.0 5.5 9.5 Q.0 16.0 14.5 19.0 1745 20.0 17.0 12.5 Tioo
s L 6.0 16.5 a.n 17" 13.5 19.5 8.0 20.0 1.0 11.5 1140
16 £.0 hus 10.5 “,F 14.n0 15.0 20.0 17.0 20.0 TR0 17.5 n.n
17 A5 6.0 12.5 9.0 °n.0 15,0 21,5 19.¢ Lo 17.9 1.5
18 7.5 6.0 13.5 .5 19.5 1re5 20.5 17.% 1. 1.5 M=
149 7.0 6.0 16.0 12.5 16.5 13.5 19.5 1R.s 167 17.% 10,8
20 A5 6.0 15.0 125 15,0 13.0 17.0 TR 17 13,4 1.n
21 r.0 6.0 15.5 12.0 1645 12.5 1R.0 1H.0 15, 1hen 1.
22 a5 5.5 15.5 12.5 17.5 13.5 19.0 1hen i5.0 15.0 1.0
23 £.5 6.5 15.5 11.5 19.0 4.5 19.5 [E L4 14,0 12,0
24 9.9 7.0 15.0 11.0 1845 16,0 17,5 17.0 15.0 14.0 12.5
25 105 7.5 12.5 10.5 14,5 14.0 20.0 [ 1625 14.0 13,4
20 125 9.0 172.0 10.5 16.0 14.0 21.0 18.0 1R.0 15.5 13.5 12.0
27 13.5 10.0 1245 10.0 16,0 13.5 20.5 18.5 17.4 14.5 12.0 10,5
2R 13.0 10.5 12.0 10.0 15.5 13.5 20.0 17,95 1.0 laos 0.5 9.5
29 164.0 11.5 15.0 10.0 21.0 15.0 20.0 18,0 19.5 14.0 9.5 Re®
30 16.0 14.5 15.0 14.0 1.0 17.0 20.5 1R.5 18,5 14,0 9.0 L)
31 - - 15.0 1445 21.0 18.5 15.0 13.5 - -

AVEG 7.6 bal 12.¢ 10.6 17.5 14402 19.6 16,9 18.0 15.7 15.7 17.5



STREAMS TRIBUTARY TO LAKE HURON 81
04135500 AU SABLE RIVER AT GRAYLING, MICH.

LOCATION,--Lat 44°39'35", long 84°42'45", 1n SE}SE{ sec,7, T.26 N., R.3 W., Crawford County, temperature recorder at
gaging station on right bank, 65 ft upstream from bridge on Interstate Highway 75 (Business Loop) at Grayling,
0,7 mile upstream from East Branch, and 114 miles upstream from mouth,

DRAINAGE AREA.--110 sq mi.

PERIOD OF RECORD,--Water temperatures: March 1953 to September 1970.

EXTREMES, -~1969-70; o
Water temperatures: Maximum, 25,0°C July 31, Aug. 1; minimum, freezing point on many days duriug January to

March,

Period of record:
Water temperatures: Maximum, 28.0°C July 1, 2, 1963; minimum, freezing point on many days during winter pericds,

REMARKS,-~No temperature record Apr, 16 to May 11,

TEMPERATURE (°C) OF WATER, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

tay ocT Nuv bEC 1AN FER MaR
MA X MIN Mmax MIN Max MIN wa MIN MAx MIN Max I
1 15.0 11.0 6.5 5.5 2.0 1.5 0.5 0.8 0.0 0.0 a.0
2 15.5 14.5 7.0 £.5 1.5 1.5 0.5 0.5 0.0 n.o a.n
3 15.5 14,5 7.0 7.0 1.5 1.5 0.9 0.5 6.0 0.0 (N0
4 16.0 14.0 7.0 7.0 1.5 1.5 0.5 0.0 0.0 0.0 (O]
5 16.0 14,0 7.0 6.0 1.5 1.5 0.0 0.0 c.0 0.r o,
6 15.5 16.0 6.0 5.0 1.5 1.0 0.0 0.0 L0 0.1 Lot
7 15.5 16.5 5.5 5.0 1.0 1.0 nn 0.0 T.0 . a.n
R 14,5 12.0 5.5 5.0 1.0 1.0 0,0 Nan 5.0 0.0 n.n
9 12.0 10.0 5.5 5.0 1.0 1.0 .o a0 a.n oo [
10 12.0 11.5 6.0 5.5 1.0 1.0 non 0.0 a0 0.0 n.o
1 17.0 12.0 6.5 6.0 1.0 1.0 n.n 0. 0 0.0 nt
12 12.0 11.0 A5 fe5 1.0 1.0 0.0 n.0 0.0 a.0 0.0
13 11.0 1045 645 5.0 1.0 1.0 n,. 0 0.0 0.0 0.0 0.0
14 10.5 9.0 5.0 “e0 1.0 1.0 0.0 0.0 n.0 0.0 n.0
15 9.0 8.5 4.0 2.0 1.0 1.0 0.0 0.0 n.o 0.0 N0
16 9.0 9.0 3.0 2.0 1.0 1.0 0.0 0.0 0.0 0.0 a0
17 9.0 a.5 3.5 3.0 1.0 1.0 0.7 .0 0.0 0.0 0.0
18 A.5 A0 5.5 3.5 1.0 1.0 0.0 0.9 0.0 0,5 L0
19 8.5 8.0 5.5 “.0 1.0 1.0 n.n a.0 0.0 1.9 [ARS]
20 A.5 R.0 4.0 2.0 10 1.0 0.0 0.0 0.0 1.5 1.0
21 8.5 A.0 2.0 2.0 1.0 1.0 0.0 0.0 0.0 1.0 1.0
22 R.0 6.0 2.0 2.0 1.0 1.0 0.0 0.0 0.0 4.0 1.4
23 ) 4.5 2.0 2.0 1.0 i.0 0.0 0.0 nen 4.0 7.0
24 5.0 4.5 3.5 2.0 1.0 0.5 r.o c.0 0.0 4.n 4t
25 ha5 5.0 3.5 3.5 0.5 0.n 0.0 0.0 0.0 4.h LN
26 6.5 6.5 3.5 3.5 0.5 0.5 0.0 0.0 4.k oL
27 6.5 6.5 3.5 3.0 0.5 0.5 a.0 0.0 2.5 0.0
28 6.5 5.5 3.0 2.0 0.5 0.5 0.0 0.0 2.5 1.0
29 5.5 4.5 2.0 2.0 0.5 0.5 a.0 0.0 2.5 1.0
30 6e0 5.0 2.0 2.0 0.5 n.5 0.0 0.0 Aa0h 1.0
31 6.0 5.5 -- -- 0.5 0.5 a.0 0.0 - 3.0 1.0
AV 10.2 9.1 4.6 3.9 1.0 0.9 0.0 a.0 a.0 0.0 1.4 n.s
DAY APR MAY N it ane SEH
MAX MIN Max MIN Max MIN Max MmIN Max MIN Mmax MmN
1 4.0 1.5 -- - 1%.0 17.0 24.0 1.5 25.0 ?2.0 1K 0 Ta,n
2 4.0 1.5 -- -- 1R.0 13.0 a0 7.0 24,8 20.0 1R.0 1a,5
3 3.5 1.0 - - 180 12.0 2ean 2.0 24.0 0.0 16,0 14,5
4 3.5 2.0 -- - 1R.5 12.0 27.0 17.5 0.0 17,0 14,0 16,5
5 4.5 2.5 - -- 14.0 1%.0 20,0 15.5 19,5 17.0 19.5 Thoo
6 s 4.0 -- -- 19.5 16.0 20.5 17.0 n.e 1744 19.- Thon
7 A0 3.5 -- -- 2l.0 17.0 2.5 14.0 21,0 19,0 0.0 1ion
A 745 5.0 - -- 22.0 1.5 22.5 20.0 27,0 19, 0.0 b0
Q 7.5 5.0 -- - 22.0 19.5 20.5 .o 27.0 19,5 0.5 b7.0
10 5.0 3.0 -- -- 22.5 19.5 20.45 PR 21.0 19.0 2045 te.0
11 6.5 .0 -- -- 27.0 19.5 22.0 14,0 /1.8 1.0 16,0 je,0
12 745 5.0 14.0 12.0 21.5 1945 73.0 0.5 2740 70.0 1A.0 la,n
13 7.5 5.0 13.5 1.5 20,5 17.0 24.0 0.0 2400 20,0 15,5 1e.0
14 7.5 85 11.5 10.0 18.0 14.0 2240 2140 ] 21,5 14.0 1700
15 7.5 5.0 1.0 °.n 1904 15.° /2.5 21,0 73,5 71.n 1.5 tl.s
16 - -- 1.0 10.0 21 17.5 27 19,0 7N 210 14, 1.
17 - - 12.5 9.0 Q4.5 20,0 240n ca.n Ny T4en 4.5 [
18 -- 16.0 1.0 24,5 1.0 22,8 19.5 21en 1aan 17,5 1.
19 -- 18.0 16,5 ?1.0 16.0 2240 1.5 1.0 14,8 1e.8 1.5
20 -- 17.0 1%.0 17.5 14.0 1AL 186 o1.n 1948 1e.0 1S
21 - — 19.5 15.0 je.n 1548 1940 14.5 0.5 14,0 18,4 170
22 -= .- 19.5 16.5 18,5 16.0 Shen 17.n 7.0 18,5 1700
23 -- -- 19.0 15.5 20.5 16.5 21.0 1425 Thun 17.8 1h.5
24 19.0 14.5 20.5 17,5 7210 19.n That 17.0 1h.
25 14,5 13.5 20.0 15.5 2140 1900 17.0 17.0 18
2k - - 1445 17.0 20.0 15.5 7r.t 20,5 1v.0 16,5 16,0
217 -- 12.5 9.5 18,5 19.5 23,0 tlat 2140 1~.0 14.0 2.0
2R -- 12.5 11.0 18.5 16.0 P4~ Tt 19,5 18,5 12.0 10.%
29 == 17.0 11.0 21.5 16.5 2445 22,0 14,8 1h.0 10,5 “.0
30 - 18.5 15.5 24,0 20.0 6.0 2145 17.0 I18en 9.0 Q.0
31 -- -- 15,5 17.5 -- -~ 25,0 SLs 17 [E - --

AVG -- - - -— 20,7 1hee 27,2 1444 n.G 1445 14,7 14,1



82 STREAMS TRIBUTARY TO LAKE HURON
04135700 SOUTH BRANCH AU SABLE RIVER NEAR LUZERNE, MICH,

LOCATION,--Lat 44°36°'53", long 84°27'20", in SE{SE} sec.29, T.26 N., R.1 W,, Crawford County, temperature recorder
at gaging station on right bank 10 ft upstream from Smith Bridge, 400 ft downstream from highway bridge on ‘State
Highway 72, 4.6 miles upstream from mouth, and 9,1 miles west of Luzerne,

DRAINAGE AREA.--401 sq mi,

PERIOD OF RECORD,--Water temperatures: November 1966 to September 1970,

EXTRENES, --1969-70:

Water temperatures: Maximum, 22,0°C July 31, Aug, 1; minimum, freezing point on many days during December to
Narch,

Period of record:
Water temperatures: Maximum, 24.0°C July 16, 1968; minimum, freezing point on many days during winter periods,

REMARKS, --Intermittent ice cover during winter periods, Recorder stopped Oct, 14-24, Nov. 25 to Dec, 5, range in
temperature, 4.5°C to 10.0°C, 1,0°C to 4,0°C, respectively.

TEMPERATURE (°C} OF WATER, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

Day ocT NOV DEC JAN FER MAR
Max MIN Max MIN Max MIN MaAX MIN MAX MIN MAX MIN
1 13.0 i0.0 6.5 5.5 - - 0.0 0.0 1.5 0.5 1.0 0.5
2 13.5 12.0 RBan 6.5 - Q.5 0.0 1.5 0.0 2.0 1.0
3 13.0 12.0 8.0 7.0 - 0.5 0.0 0.0 0.0 2.0 1.5
4 l4.0 11.0 7.0 6.5 - 0.5 0.0 0.0 0.0 2.0 1.5
5 13.5 1.0 6.5 6.0 - - 0.5 0.0 0.0 0.0 3.5 1.0
& 13.0 11.0 6.0 5.0 1.0 1.0 0.0 0.0 0.0 c.0 2.0 1.5
7 13.0 11.5 5.5 4.5 1.0 1.0 0.0 0.0 1.5 0.0 2.0 1.0
f 12.0 10.0 5.0 465 1.0 1.0 .0 0.0 1.5 1.0 1.5 0.5
9 10.5 BeS 5.0 45 1.0 1.0 0.0 0.0 2.0 1.0 1.5 0.5
10 11.0 10.5 5.5 5.0 1.5 1.0 0.0 0.0 1.5 0.5 1.0 0.5
11 11.0 hS 545 le5 1.5 045 0.0 1.5 0.5 2.0 0.5
12 10.5 6.5 6.0 1.5 1.0 0.5 0.5 0.5 0.5 3.0 0.5
13 10.0 A0 5.0 1.0 1.0 0.5 0.0 0.5 0.5 2.0 0.5
14 - 5.0 3.5 1.0 1.0 0,0 0.0 0.5 0.5 2.0 0.5
15 - - 3.5 2.0 1.0 ¢.0 0.0 0.0 0.5 0.5 2.0 0.5
16 Cd - 3.5 3.0 a.5 0.0 0.5 0.0 0.5 0.5 3.0 0.5
17 - 4.0 3.0 0.5 0.5 0.5 0.0 1.5 0.5 4.0 0.5
18 - 5.0 4.0 0.5 0.5 0.0 0.0 1.5 1.0 4.0 1.0
19 - 5.0 4.0 0.5 0.5 0.0 0.0 1.0 0.5 6.5 1.0
20 - —_— 4.0 2.0 0.5 0.5 0.0 0.0 1.0 0.5 3.5 1.5
21 - - 2.0 1.0 0.5 0.0 0.0 0.0 1.5 0.5 4.5 1.5
22 - 2.0 1.5 0.5 0.0 0.0 0.0 3.0 1.5 4.0 3.0
23 - 3.0 2.0 0.0 a.0 0.0 0.0 2.0 0.5 4.5 3.0
24 - - 3.0 2.0 0.0 0.0 0.0 0.0 3.0 1.5 5.5 3.0
25 6.0 5.5 - - 0.0 0.0 0.0 0.0 3.0 0.5 4,0 1.5
26 7.0 6.0 - - 0.0 0.0 0.0 0.0 0.5 0.5 3.5 0.0
27 645 6.0 - - 0.0 a.0 0.5 0.0 1.5 0.5 3.5 0.0
28 6.0 5.5 - 0.0 0.0 1.0 0.0 1.0 0.5 3.5 1.0
29 5.5 4.5 - 0.5 0.0 1.0 0.5 - - 2.0 0.5
30 5.5 445 - 0.5 a.5 0.5 0.0 - - 3.5 0.5
31 5.5 5.0 ~= el 0.5 0.0 1.0 .0 - - 4.0 1.0
AVG - - 5.0 4.1 0.6 0.4 0.2 0.0 1.2 0.5 2.9 1.0

oay APR MaY JUN L AUG SEP
Max MIN MAX MIN MAX MIN Max MIN MAX MIN MAX MIN
1 3.5 1.0 17.5 15.5 - - 20.5 18.0 22.0 19.0 14.0 11.0
2 3.5 1.5 15.5 11.0 - - 21.5 17+5 21.0 1A 45 13.5 1l.5
3 “.0 1.5 11.0 9.0 15.0 12.5 21.0 18.5 20.0 17.0 13.0 12.0
4 5.0 2.0 13.0 10.5 16.0 13.0 18.5 15.5 18.0 14.5 16.0 13.0
5 5.0 2.0 12.5 10.5 17.5 14.5 19.0 14.0 17.5 1445 17.0 14.5
6 4.5 4.0 115 9.0 17.5 15.0 18.5 1445 18.5 14.5 16.5 l4.0
7 6.0 3.5 1145 9.5 19.0 15.5 20,5 16.0 19.5 15.5 1645 15.0
8 6.5 4.5 14.0 11.0 20.5 16.5 20.0 17.5 20.0 16.0 17.5 16.0
9 6.0 3.0 14.5 13.0 20.0 17.0 18.0 17.0 19.0 1A.0 16.0 13.0
10 4.0 2.5 16.0 13.5 20.5 17.0 18.0 16.5 20.0 1645 15.5 13.0
11 4.5 2.0 15.5 13.5 20.0 17.5 20.0 16,5 19.5 16.5 14,0 11.0
12 5.0 3.0 13.5 12.0 19.0 17.5 20.5 17,0 18,5 16.0 13.5 11.0
13 6.5 4.5 13.0 11.0 18.0 15.5 20.0 17.0 19.5 16.0 13.5 1t.0
14 A.0 6.0 11.0 9.5 17.5 15.0 19.5 1R.0 20.0 16.5 11.0 10.0
15 9.0 7.0 9.5 9.0 17.0 14.0 20.0 18.0 20.0 1645 10.5 10.0
16 8.5 7.5 10.5 9.5 18.0 16.0 20.5 17.0 19.5 17.5 13.0 10.5
17 7.5 7.0 12.5 10.0 21.5 17.0 20.5 17.5 18.5 15.0 12.0 11.0
18 7.5 6,5 13.5 9.5 21.5 18,5 20.0 16.5 175 1445 12.0 11.0
19 7.0 6.5 16.5 12.5 1R.5 15.0 19.0 16,5 17+5 15.0 12.5 10.0
20 6.5 6.0 16.0 13.5 16.5 12.5 17.0 14.5 18.5 16.0 14,5 11.5
21 6.0 6.0 17.0 13.5 1645 13.0 17.5 13.5 17.0 14.0 15.5 14.0
22 7.5 6.5 17.0 15.0 17.0 13.5 19.0 15.0 16.5 14.0 15.5 4.5
23 11.0 7.5 16.5 13.5 18.5 14.0 19.0 15.5 15.5 13.5 14.5 13.0
24 12.0 9.5 16.0 12.5 1845 6.0 18.5 16.5 16.0 13.5 a5 12.5
25 13.0 11.0 13.5 12.0 17.5 13.5 20,5 16.0 17.5 13.5 14,5 13.0
26 - - 13.0 11.0 17.0 14.0 21.5 17.0 18,5 15.0 14.0 12.0
27 - - 12.0 10.0 16.0 13.0 21.0 18.0 17.5 14.0 12.0 10.5
28 - -— 12.0 10.5 15.5 13.0 21.0 18.0 15.5 14.5 10,5 9.0
29 - - 15.5 10.5 19.0 15.0 21.5 18.5 1540 12.5 9.0 7.5
30 18.0 17.5 16.0 14.0 20.5 17.0 21.0 18.5 15.5 13.0 A.5 R.O
31 - il 16.0 15.0 - - 22.0 18.5 15¢5 12.0 - -

AVG 7.1 5.3 13.9 1l.6 18.1 15.0 19.8 16.7 18,2 1541 13.6 11.8



STREAMS TRIBUTARY TO LAKE HURON 83
04139500 RIFLE RIVER AT "THE RANCH" NEAR LUPTON, NICH,

LOCATION, ~--Lat 44°23'06", long 84°02'18", in SE}SW} sec,11, T.23 N,, R.3 E,, Ogemaw County, temperature recorder at
gaging station on left bank, at downstream side of bridge, 1,300 ft downstream from Houghton Creek, and 2,7 miles
south of Lupton,

DRAINAGE AREA.--56.8 sq mi.

PERIOD OF RECORD,--Chemical analyses: October 1968 to September 1970 (periodic),
Water temperatures: July 1950 to September 1970,

EXTREMES, ~-1969.70:
Water temperatures: Maximum, 18,5°C July 3; minimum, freezing point on many days during December to March,

Period of record:
Water temperatures: Maximum, 22,0°C June 25, 26, 1952, July 5, 6, 9, Aug, 1, 1955, June 30, 1964, July 16, 17,
1968; minimum, freezing point on many days during winter periods,

REMARKS. - -Occasional regulation by dams above station, A summary of periodic specific conductance data for this
station is included in analyses of samples collected at miscellaneous sites in Michigan,

TEMPERATURE (°C) OF WATER, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

OaY ncT NOV DEC JAN FFR MAR
Max MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN
1 12.0 10.5 7.0 6.5 3.0 2.0 0.0 0.0 0.5 0.0 0.5 0.5
2 12.0 12.0 R.0 7.0 2.0 1.5 0.5 0.0 0.5 0.5 0.5 0.5
3 12.0 12.0 8.0 8.0 1.5 1.5 0.5 0.5 0.5 0.5 0.5 0.0
4 13.0 t1.n 8.0 R.0 1.5 1.5 0.5 0.5 0.5 0.5 0.5 0.0
5 12.0 1.0 a.0 7.0 1.5 1.5 0.5 0.0 0.5 0.0 0.5 0.5
6 12.0 11.0 7.0 b5 1.5 1.5 0.0 0.0 0.0 0,0 0.5 0.5
7 12,0 12.0 6.5 6.5 1.5 1.5 0.0 0.0 0.0 0.0 0.5 0.5
8 12.0 10.5 7.0 LT 1.8 1.5 0.0 0.0 0.5 0.0 0.5 0.0
9 10.5 9.0 7.0 7.0 1.5 1.5 0.0 0.0 1.0 0.5 0.0 0.0
1o 10.5 10.5 7.0 7.0 1.5 1.0 0.0 0,0 1.0 1.0 0,0 0.0
it 11.5 10.5 7.0 6.5 1.8 1.0 0.0 0.0 1.0 1.0 0.0 0.0
12 11.5 10.5 7.0 f.5 1.5 1.5 0.0 0.0 1.0 0.5 0.0 0.0
13 10.5 10.5 b5 6.0 1.5 1.5 0.0 0.0 0.5 0.5 0.5 0.0
14 10.5 10.0 6.0 5.0 1.5 1.5 0.0 0.0 0.5 0.0 0.5 0.5
15 10.0 9.0 5.0 4.5 1.5 0.5 0.0 0.0 0.0 0.0 0.5 0.5
16 9,5 9.5 445 445 0.5 0.5 0.0 0,0 0.0 0.0 0.5 0.0
17 a5 a.0 4.5 4.0 0.5 0.5 0.0 0.0 0.0 0.0 1.0 0.5
LR 9.0 8.5 5.5 445 0.5 0.5 0.0 0.0 0.0 0.0 1.5 1.0
19 2.0 2.0 5.5 4.5 0.5 0.5 0.0 0.0 0.0 0.0 2.0 1.5
20 9.5 5.0 4.5 4.0 0.5 0.5 0.0 0.0 0.0 0.0 2.0 1.5
21 9.5 A.5 440 3,5 0.5 0.0 0.0 0.0 0.0 0.0 2.0 1.5
22 8.5 7.0 3.5 3,5 0.0 0.0 0.0 0.0 0.5 0.0 2.0 Lo
23 7.0 6.0 4.0 3.5 0.0 0.0 0.0 0.0 0.5 0.5 2.0 1.5
24 haS 6.5 4.0 4.0 0.0 0.0 0.0 0.0 1.0 0.5 2.0 1.5
25 8.0 6.5 440 4.0 0.0 0.0 0.0 0.0 1.0 1.0 1.5 1.5
26 R.0 R.0 4.0 4.0 0.0 0.0 0.0 0.0 1.0 0.5 1.5 1.5
27 8.0 7.0 4.0 3.5 0.0 0.0 6.0 0.0 0.5 0.5 1.5 1.5
28 7.0 6.5 3.5 3,0 0.0 0.0 0.0 0.0 0.5 0.5 1.5 1.5
29 b5 6.0 3.0 3.0 0.0 0.0 0.5 0.0 - - 1.5 1.5
30 6.5 b0 3.0 3.0 0.0 0.0 0.5 0.0 1.5 1.5
3t 8.5 6.5 -= - 0.0 0.0 0.0 0.0 ~- - 1.5 1.5
AVG 9.6 2.0 5.5 5.1 0.8 0.7 0.0 0.0 0.4 0.3 1.0 0.7

DAY APR MAY SUN Jut AIG SEP
MAX MIN MAX MIN MAX MIN Max MIN MAX MIN MAX MIN
1 2.0 1.5 11.5 11.5 13.0 13.0 18.0 17.5 17.5 17.0 4.5 13.5
2 2.0 2.0 11.5 1t.0 13.5 13.0 18.0 17.5 17.5 17,0 13.5 13,0
3 2.0 1.5 11.0 10.5 16.5 13.5 1A.5 17.5 17.5 17.5 13.0 12.0
4 2.0 2.0 10.5 10.5 17.0 14.5 18.0 16.5 17.5 1545 14.0 13.0
5 3.0 2.0 10.5 10.5 17.5 15.5 18,0 15.0 16,0 15.5 14.5 14.0
6 3.0 3.0 10.5 10.0 17.5 15.5 17.5 15.5 17.0 15.5 14.5 14.0
7 3.0 3.0 10.0 10.0 17.5 15.5 1745 1h.5 17.0 16.5 14.5 14.5
A 3.0 3,0 10,5 10.0 1745 17.0 175 17.0 17.0 1645 15.0 la.5
9 3.0 3.0 1045 1045 17.5 1he5 17.5 17.0 17,0 16,5 15,0 14,5
10 3.0 3,0 11.0 10,5 17.5 16,5 17.5 17.0 17.5 1645 15.0 14,5
11 3.0 3.0 11.0 11.0 17.5 16.5 17.5 17.0 17,5 17.0 14.5 13.0
12 3.5 3,0 11.0 10.5 17.5 16.5 18.0 17.5 17.5 17.0 13.5 13.0
13 4.0 3.5 10.5 10.5 1745 15.0 18.0 17.5 17.5 17.0 13.0 12.5
1a 4.5 4.0 10.5 9.5 17.0 15.0 1K.0 18.0 17.5 17.0 12.5 11,5
15 5.0 4.5 1n.0 5.5 1745 14.5 18.0 18.0 17.5 17.0 11.5 11.5
16 5.0 5.0 10.0 10.0 175 16.0 18.0 1745 17.5 17.5 12.0 1.5
17 5.0 5.0 10.5 10.0 1745 17.0 17,0 17.5 17.5 16,5 12.0 12.0
18 5.0 5.0 11.0 10.5 1A.0 17.0 18,0 17.% 16.5 15.0 12,0 12.0
19 5.0 5.0 12.5 11.0 7.5 1445 18.0 18,0 16,0 15.5 12,0 12.0
20 5.0 5.0 12,5 2.5 16.0 12.0 1R.0 16,0 16,5 15.5 13,0 12.0
21 5.0 5.0 13.0 12.5 17.0 13.5 16.5 15.0 16.5 15.0 14.5 13,0
22 5.0 5.0 13.0 13,0 16,5 13.5 17.5 16.0 15.5 14,5 14.5 14,5
23 5.5 5.0 13.0 13.0 17.5 14.5 17.5 17.0 14.5 1445 14.5 14.5
24 6.0 5.5 13.0 12.0 17.0 16.0 17.5 17.0 15,0 1445 la.5 14,0
25 6.5 5.0 12.0 12.0 16.5 13.5 18,0 16.5 15.5 14.% 14.0 14.0
26 7.0 6.5 12.0 12.0 16.0 14,0 18,0 17.5 16,5 15.0 14.0 13.0
27 8.5 7.0 12.0 115 15.5 3.0 18.0 17.5 16,5 15.5 13.0 12.5
28 9.0 8.5 11.5 1.5 15.5 13.5 1745 17.0 15.5 15.5 12.5 11.5
29 10.5 S0 12-.0 1t.0 17.5 15.0 1745 17.5 15,5 14,0 11.5 10,0
30 1.5 1045 12.5 12.0 18,0 17.0 17,5 17.5 14.5 1440 10.0 10.0
31 - - 13.0 12.5 -- - 1.5 17.5 14.5 14.0 -= --
AVG 4.8 4.5 11.4 11.0 1h.A 14.9 17.7 17.0 16.5 15.8 13,4 12.8



84 STREANS TRIBUTARY TO LAKE HURON
04140500 RIFLE RIVER AT SELKIRK, NICH.
LOCATION. --Lat 44°18'48", long 84°04'10", in SE{NE} sec,9, T.22 N,, R,3 E,, Ogemaw County, temperature recorder at
gaging station on left bank at upstream side of bridge on State road at Selkirk, 1 mile downstream from Klacking
Creek,

DRAINAGE AREA,--117 sq mi,

PERIOD OF RECORD.--Chemical analyses: October 1968 to September 1970 (periodic),
Water temperatures: October 1950 to September 1970,

EXTREMES, --1969-70:
Water temperatures: Maximum, 22.5°C July 26; minimum, freezing point on many days during November to March.

Period of record:
Water temperatures: MNaximum, 25.5°C Aug, 1, 1955; minimum, freezing point on many days during winter periods,

RFMARKS.--Recorder stopped Dec, 14-16, Jan, 18-21, range in temperature 0,0°C to 1,0°C, 0,0°C, respectively, A
summary of periodic specific conductance data for the station is included in analyses of samples collected at
miscellaneous sites in Michigan,

TEMPERATURE (°C) OF WATER, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

nay ocT NOV DEC JAN FFR MAR
MAX MIN MAX MIN MAX MIN MAX MiN MAX MIN MAX MIN
1 12.D 10,5 6.0 45 0.5 0.5 a.0 0.0 0.0 0.0 0.0 0.0
2 12.0 12.0 A5 6.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 2.D 2.0 &.5 L) 0.0 0.0 0.0 0.0 0.5 0.0 0.0 ©.0
4 13.0 1.0 b5 f.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
5 12.0 10.8 6.0 5.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0
6 11.0 10.9 5.5 4.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 12.0 11.0 5.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
R 11.5 Yo 6.0 4.5 n.5 0.0 n.0 0.0 0.0 0.0 0.0 0.0
q 9.5 A.n h.0 5.5 0.5 0.5 0.0 0.0 0.0 0.0 0.0 n.e
0 10,0 9.0 6.0 A.0 1.0 0.5 0.0 0.0 0.0 n.0 0.0 0.0
11 10.5 Q.5 5.5 heD 1.5 1.0 0.0 0.0 0.0 0.0 ¢.0 0.0
12 10.5 10.0 he5 5.5 1.5 1.0 0.0 0.0 0.0 0.n 1.0 0.0
13 10.0 10.0 5.5 4.0 1.0 0.5 0.0 0.0 Dot 9.0 1.0 0.0
14 10.0 A5 4.0 3.0 - -- 0.0 0.0 0.5 0.5 1.0 0.5
15 2,5 7.0 1.0 1.5 -- -- 0.0 0.0 0.5 Q.0 1.0 0.5
16 8.0 B.0 2.0 1.5 - - Q.0 0.0 0.5 0.0 1.0 0.5
17 A0 7.0 4.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0
18 7.0 6.0 5.5 4.0 0.0 n.0 -- -- 0.0 0.0 3.5 2.0
19 7.0 6.5 5.5 3.5 n.0 0.0 il - 0.0 bD.0 “.0 2.0
20 R.0 &5 3.5 1.5 Q.0 a.0 - -- Q.0 0.0 3.6 2.0
21 8.0 fan 1.5 1.0 0.0 0.0 -- -= 0.0 0.0 3.0 2,0
22 ne0 4.5 1.0 1.0 0.0 0.0 0.0 D.0 n.0 D.D 3.0 2.9
23 “.5 3.0 2.0 1.0 0.0 0.0 0.0 D.0 0.0 0.0 3.5 2.9
24 .0 .0 3.0 2.0 0.0 Q.0 0.0 0.0 0.0 0.0 3.0 2.5
I e.8 4.0 3.4 3.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 2.0
25 545 5.5 3.5 3.0 0.0 0.0 0.0 0.0 0.0 0.D 2.0 1.0
27 640 5.5 3.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 1.0
2R 5.5 4.5 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 2.0
29 4.5 3.5 0.5 0.Nn 0.0 0.0 0.0 0.0 - - 2.5 1.5
A0 “.5 ALE 0.5 0.5 0.0 0.0 0.0 0.0 e == 3.5 1.5
51 4.5 4 -~ -~ a.n 0.0 0.0 0.0 - -~ 3.5 z.0
AVG B 7.4 4 2.2 0.2 .l Q.0 0.0 0.1 0.0 1.6 0.9
DAy APR MEY JUN oL ann SFP
MAX MIN MAX MIN Max MIN MAX MIN MAX MIN MAX MIN
1 4.0 2.5 15.5 14,5 17.0 16.5 19.0 18.0 22.0 21.0 16.0 13,0
2 3. 2.0 14,5 10.0 17.0 15.5 20.0 18.0 215 19.0 15.5 13,5
3 4.0 1.5 11.5 7.5 16.5 14.5 19.5 1R.5 ’1.0 18.0 14,5 13.5
4 4.0 3.0 13.5 10.0 17.5 15.0 1H.5 16.0 18,5 14.0 17.5 14,5
s w0 2.5 17.0 s 19.0 16.5 17.0 1445 1k.0 1h5 1.0 1h.0
s “.0 3.5 Qs 7.5 185 16.0 17.5 15.0 19.5 14,0 17.5 16.0
7 3.0 10.5 A.0 1K.5 16,0 1K.5 16.0 20.5 17.5 17.5 17.0
R 3.0 1.0 10.n 19.5 17.5 18.5 17.0 2140 18.0 18.5 17.0
Q 245 13.0 12.0 20.0 18.0 17.0 16,5 205 1.0 1R.S 16.0
10 2.0 14.0 12.0 2n.5 18.0 17.0 16,5 - 17.5 14.0
11 2.5 14,0 11.5 2n.0 18,5 19.0 16.5 21.0 1R.5 16.0 13.5
12 3.5 9.0 19.0 17.5 19.5 17.5 210 9.0 15.0 1%.0
13 “un Q.0 18.0 16,5 19.5 18,0 21.8 1R 15.0 12,0
14 5.0 7.5 1745 16.0 19.0 18.5 215 1.0 13.0 17.0
15 6.5 R0 16,5 14,5 19,5 18.0 21.5 1945 12.5 12,0
1A ha0 qen 17.5 16.5 20.0 175 22,0 19.5 15,0 12.5
17 5.5 @.0 20.0 17.5 20,5 tr.a 20,5 18.0 14,0 13,5
1& 5.5 G5 2040 19.0 20,0 1745 19,0 17.0 13.5 13.0
19 A5 13.0 19.0 15.5 18,5 17.5 19.0 17.5 1a.5 12.5
20 4.5 14.0 15.5 13.0 17.5 15.0 20.5 185 1.5 13.5
21 1.5 13.5 1645 14.5 17.5 4.0 19.0 1645 18.0 15.5
22 3.5 15.5 16.5 14.5 19.5 1645 17.5 16.0 18.0 17.0
23 a.0 14.5 17.5 15.0 19.0 17.0 16,5 14.5 17.0 15,5
24 7.5 13.0 17.0 16.0 19.5 18.5 17.5 16.0 16,5 15,5
25 7.5 12.5 15,0 14.0 21.0 17.5 1R.5 15.0 16.0 15.5
2% q.5 12.0 15.5 14.0 22.5 19.0 20,0 t7.0 15.5 13.0
27 10.0 13.5 11.5 15.0 13.0 21.5 21.0 19.5 17.0 1%2.0 12.0
2R 11.5 13.0 12.5 15.0 13.5 21.D 19.0 1R8.0 17.0 12.0 10.5
29 11.5 15.5 12.0 17.5 15.0 21.5 20.0 17.0 15.0 10.5 Y.0
30 15.0 17.0 16.0 19.0 17.0 21.5 20.5 17.0 15.0 9.5 9.0
31 -- .- 17.0 1he0 - -- 22.0 20.0 17.0 14.5 -- -~



STREAMS TRIBUTARY TO LAKE HURON

04142000 RIFLE RIVER NEAR STERLING, MICH,
(International Hydrological Decade River Station)

85

LOCATION,.--Lat 44°04'21", long 84°01'12", in NE}SW} sec.5, T.19 N,, R.4 E., Arenac County, at gaging station at
bridge on 0ld-M70, 2.8 miles north of Sterling, and 20 miles upstream from mouth,

DRAINAGE AREA,--320 sq mi, approximately.

PERIOD OF RECORD
October 1969 to

EXTREMES, ~-1969-70:
Sediment concent

Sediment discharge:

Period of record:

Sediment concentrations:

-Sediment records:

September 1970,

rations:

September 1966,

Sediment discharge:

Maximum daily, 280 mg/l1 Mar, 24; minimum daily,’ 4 mg/} Jan, 22.25,
Maximum daily, 1,550 tons June 3; minimum daily, 2.1 tons Sept.

Naximum daily, 1,550 toms June 3, 1970; minimum daily, 0,67 ton Sept. 20, 1966,

April to September 1966, October 1966 to September 1969 (partial record),

Naximum daily, 280 mg/l1 Mar. 24, 1970; minimum daily, 2 mg/l on several days during

REMARKS. --Daily sediment discharges computed by subdivision on Oct. 11, 13, 20, Nov, 19, Apr, 20, June 2, 12,

July 12, 18, 30,

Flow atfected by ice Nov. 28 to Dec. 6, Dec. 14 to Mar, 24,

stream from station.

SUSPENDED SEDIMENT DISCHARGE MEASUREMENTS, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

MFAN
DISCHARLF
DAY (CFS
1 157
2 155
3 162
“ 159
5 154
& 152
7 170
8 1R2
Q 166
10 159
11 234
12 305
13 397
14 wag
15 330
16 260
17 251
18 234
19 229
20 451
21 525
22 517
23 432
24 351
25 321
26 308
27 2RT
28 269
29 254
30 248
11 246
TOTAl B5A1
1 250
2 250
3 250
“ 250
5 250
b 245
K 240
] 240
9 240
16 740
11 240
12 240
13 240
14 240
15 230
14 225
17 220
18 215
19 205
20 200
21 200
22 200
23 20%
24 210
2°F 210
26 210
27 210
28 210
29 210
30 215
31 220
TNTAL 7010

NCTNRER
MEAN
CNNCEN- SEMTMENT
TRATION NISCHARGE
(MG/L (TONS /DAY }
is Fote
15 A3
15 beb
15 LEEd
15 he2
15 62
15 he
s Tets
15 Aol
15 fob
w7 32
€1 55
76 AR
118 154
19 17
15 11
15 10
15 9.6
16 9.9
71 92
94 133
46 6o
26 30
17 14
15 13
15 12
15 12
15 11
15 10
15 10
15 10
-- RA3,Q
JANUARY
7 4.7
7 4o
7 4
7 4.7
7 4o
7 bab
7 45
7 P
7 405
7 4.5
R 5.2
9 5eR
A Ge?
R 527
7 4.3
7 403
A NS
o 3.5
5 2.R
5 2.7
5 2.7
4 2.2
o 2.7
a 2.3
“ 2.4
5 2.8
5 2.8
5 2.4
5 2.8
A 1,5
6 ERL)
— 11+

MEAN

DISCHARGE
(CFS}

313
402
371

290
ai7
339
311
235
28k
274

275
284
277
264

>e -

245
250
2R0

3R4

270

10045

225
230
230
230
230

230
230
230
230
22%

220
220
215
210
210

205
200
205
210
210

210

215

NEIVEMBER

MEAN

CNNCEN-

TRATION

M6/
5
15
15
15
15

FERRUARY

NPT R NIDA~N NPT T TR

EIRSE SN

SEDIMENT
DISCHARGE
(TONS/DAY }

ME AN

NISCHARCE
(CFS)
13 260
16 258
15 250
16 240
15 240
14 240
13 246
12 267
1e 267
1 261
1t 260
1z 264
11 256
11 2460
10 230
9.9 210
10 215
13 220
161 230
141 230
26 275
15 220
la 210
14 220
15 230
16 230
14 230
12 230
11 240
Re7 260
- 250
ATB6 7406
3.6 210
3.7 210
3.7 220
3.7 240
3.7 760
3.7 270
3.7 270
3.7 260
3.7 250
443 240
4.2 240
.2 250
bak 250
4.5 750
4.0 258
3.3 255
3.2 760
3.3 280
3.6 340
4.0 asp
4.0 520
4] a60
3.6 ~20
3.A 120
3.5 RR«
4.1 Ran
4al A0%
4.0 673
- 540
-- EEPS
- 497
107.2 12174

NFCFMRFR

MEAN

CNNCFN=
TRATINN
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XnxOvD® DOoL OO

E

NN NN
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88 STREAMS TRIBUTARY TO LAKE HURON

04142000 RIFLE RIVER NEAR STERLING, MICH,-.Continued

SUSPENDED SEDIMENT DISCHARGE MEASUREMENTS, WATER YEAR OCTOBER 4969 TO SEPTEMBER 1970

APRTL MAY JUNE
MEAN MEAN ME AN
ME AN CONCEN-  SEDIMENT MEAN CONCEN-  SEDIMENT MEAN CONCEN-  SEDIMENT
DISCHARGE ~ TRATION  DISCHARGE DISCHARGE ~ TRATION  DISCHARGE DISCHARGE ~ TRATION  DISCHARGE
oAy (CFS) (MG/L) (TONS/DAY) (CFS) (MG/L) (TONS/DAY) (CFS) (MG/L) (TONS/DAY )
1 499 18 24 544 40 59 388 103 108
2 539 18 26 514 “6 64 1200 227 847
3 490 18 24 427 20 23 2190 262 1550
4 537 30 43 384 19 20 1520 143 587
5 559 42 63 352 i4 13 R53 78 180
6 6R9 A9 166 332 L] 742 605 63 103
7 777 a2 172 316 9 Te7 495 54 72
8 1060 190 564 305 11 9.1 421 «0 45
9 1340 258 933 295 14 1 365 2¢ 26
10 1120 138 417 286 13 10 330 18 16
11 B&7 B2 184 2R3 17 13 311 18 15
12 719 78 151 294 17 13 457 61 80
13 653 78 138 330 28 25 383 50 52
14 627 75 127 351 34 32 299 28 23
15 614 52 86 436 4R 56 292 21 17
16 587 22 35 426 34 39 274 17 13
17 570 20 31 380 34 35 272 15 11
18 531 19 27 330 35 31 271 13 9.5
19 4864 28 37 303 27 22 24R 12 8.0
20 899 165 Lak 2”1 22 17 230 11 6.8
21 1290 254 8R5 262 18 13 225 10 6.1
22 1100 1R 350 257 20 14 211 8 4.6
23 R42 6?2 14l 26] le 1t 216 12 7.0
264 681 49 90 254 11 Te5 226 19 12
25 584 42 LLY 268 1R 13 252 13 8.8
26 526 43 61 291 1R 14 220 12 7.1
27 490 26 34 271 16 12 226 11 6.7
28 48R 33 43 233 16 10 206 10 5.6
29 505 34 46 226 17 10 207 8 4.5
30 474 32 41 239 37 24 214 8 4.6
31 - - - 392 102 108 - - -
T0TAL 21121 - 5433 10119 - 743.5 13607 - 38344
JuLy AUGUST SEPTEMBER
MEAN MEAN ME AN
ME AN CONCEN- SEDIMENT MEAN CONCEN— SEDTMENT MEAN CONCEN- SEDIMENT
DISCHARGE TRATION DISCHARGE DISCHARGE TRATION D1SCHARGE DISCHARGF TRATION DI SCHARGE
nay (CFS) (MG/L) (TONS/DAY) (CFS) (MG/L) (TONS/DAY) {CFS) {MG/L) (TONS/DAY)
1 211 9 5.1 388 57 60 137 13 4.8
2 203 10 5.5 260 28 20 a2 12 Lol
3 188 11 5.6 255 23 16 176 12 5.7
4 212 12 LEE] 246 20 13 217 10 5.9
5 215 13 Te5 211 15 A.5 191 9 4.6
6 198 13 6.9 195 14 Tete 166 10 L)
7 176 13 6e2 1”3 13 6a4 180 25 2
fa 221 21 13 174 13 6.1 182 12 5.9
9 363 A4 A2 169 15 6.8 166 9 4.0
10 295 43 34 164 16 7.1 155 10 42
11 252 15 10 162 16 7.0 149 9 3.6
12 548 143 235 159 18 T.7 144 8 3.1
13 465 123 154 158 20 A.5 151 7 2.9
14 327 56 49 155 20 Bob 159 5 2.1
15 308 40 33 ) 20 8.0 169 6 2.7
16 273 31 23 LY 20 7.9 179 6 2.9
17 233 23 1a 142 20 7.7 180 7 3.4
18 4R13 105 141 143 21 8.1 198 8 443
19 475 95 122 159 2R 12 186 12 &.0
20 346 41 EL] 170 28 13 172 L] 2.8
21 2R5 15 12 156 27 11 167 5 2.3
22 250 13 Re8 14R 25 10 214 13 7.5
23 217 14 .2 152 23 Ga e 209 10 5.6
24 207 15 Rete 149 22 849 20% 8 4ot
25 203 16 Re8 145 21 8.2 240 18 12
26 192 17 Re8 142 21 8.1 230 23 14
27 185 11 5.5 139 22 8.3 240 22 14
28 246 18 12 139 24 9.0 218 13 7.7
29 242 19 12 141 26 9.9 200 21 11
30 394 b4 64 les 2R 11 190 30 15
31 518 65 91 1e6 19 7.2 -~ - -
TOTAL 8933 - 1231.2 5389 - 340.9 5512 - 1e2.5
TNTAL DISCHARRE FNR YFAR (CFS-DAYS) 115992

TOTAL SUSPENDFD-SEDIMENT DISCHARGE FOR YEAR (TNS) 15927.3



04144000 SHIAWASSEE RIVER AT BYRON, MICH.

STREAMS TRIBUTARY TO LAKE HURON

87

LOCATION,--Lat 42°49'25", long 83°56'45", in NEiNE} sec.23, T.5 N., R.4 E., Shiawassee County, temperature recorder
at gaging station on upstream side of highway bridge at Byron, 0.3 mile downstream from mill dam which is just
upstream from South Branch Shiawassee River.

DRAINAGE AREA.--368 sq mi,

PERIOD OF RECORD,--Water temperatures:

EXTREMES, --1969-70:
Water temperatures:
and February,

Period of record:
Water temperatures:

s
SLENG VEFWN= <

MAX

1640
1640
15.5
16.0
15.5

1545
15.5
15.0
13.0
13.5

1445
1405
1445
14,5
12,0

1l.0

90
Ba0

6.5
845
1040

100
10.5
10.5
9en
645

6,5

10.5
12.0
13.5

15.5
16.5
18.0
2040
20.0

2040

March 1962 to September 1970,

Maximum, 26,5°C July 2, 3, Aug, 1; minimum, freezing point on several days during January

Maximum, 28.5°C July 22, 1964; minimum, freezing point on many days during winter periods.

(°C) OF WATER, WATER YEAR OCTDBER 1969 TD SEPTEMBER 1970

TEMPERATURE
OCTOBER NOVEMBER

MIN MAX MIN
14,5 7.0 640
1640 9.0 7.0
14,5 S.0 8.5
15.0 8.5 840
1445 8.0 7.0
1445 7.0 645
15.5 645 5.5
13.0 640 640
11.0 640 5.5
1240 7.0 6.0
13.5 8.0 7.0
13.5 8.0 740
13,5 7.0 6.0
1240 &.0 4.5
10.5 4.5 3.0
1045 3.0 2.0
9.5 3.5 3.0
8.5 5.5 3.5
90 5.5 440
3.0 4.0 2.0
9.5 2.0

7.0 1.0

5.5 1.5

4a5 2.0

5.5 3.5

7.0 3.5

7.0 3.5

6.0 3.0

5.5 2.0

4.5 2.0

5.5 ---

445 9.0 0.5

aPRIL May

MIN MAX MIN
4.0 2040 18,5
2.0 18,0 13.5
2.0 1445 1l.0
3.0 15.5 1345
4a0 1545 13.5
4,5 14.5 1l.0
4.5 14,5 1.0
5.5 1840 13.5
8.0 19.5 16.5
8.0 19.5 1840
6.5 19.5

5.5 19.0

6.5 17.0

645 1445

8.5 15.5

1040 15.5

9.0 15.0

9.0 15.5

6.5 19,0

645 2045

6.5 22.0 19.0
6.0 21.5 2045
840 21.0 19.0
1045 1940 17,0
11.5 18.0 17.0
13.0 18.0 16,5
14.5 16.5 15.5
1645 16.5 15.0
1840 19.0 1640
1940 20.0 18.5
-— 20.0 19.5
2.0 2240 11.0

DECEMBER
MAX MIN
2,0 1.5
1.5 1.5
1.5 1.5
1.5 1.5
1.5 1.5
1.5 1.5
1.5 1.5
1.5 1.5
1.5 1.5
1.5 1.5
2.0 1.5
2.0 2.0
2.0 1.5
1.5 1.5
1.5 1.5
140 1.0
1.0 10
1.0 100
10 10
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.9 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 0.5
2.0 0.5

JUNE

MAX MIN
2045 19.5
20+0 1940
19.0 17.0
19.0 16,0
2040 17.0
21.0 18.0
21.5 19.0
24,0 2040
2445 2l.n
2540 22.0
25.5 23.0
25.5 23.5
2640 21.0
23.0 20.0
21.0 20.0
23.5 2045
2445 2240
24.5 23,5
23.5 20.0
20.0 1840
19.0 1840
2040 16.5
21,5 18,5
20.5 20+0
21.5 18.5
20,0 16.5
19.0 15.5
19.0 18.0
21.5 15.0
25.0 21.5
2545 15.5

0.5
0.5

0.0
0.0
0.5

045

26,0
2645
26,5
25.5
23.0

23,5
2640
24,0
22,0
22.0

20.5
22,0
23.5
2445
24,5
264.5
2440
24,0
22,0
2l.0

19.0

22.0
2440

25,5

26,5

JANUA

JuLy

RY

MIN

0.0

0.5

2445

1545

FEBRUARY
MAX MIN
0.0 Ce0
N0 0.0
0+5 0s0
0.5 0s5
05 045
0+5 0.5
0.5 0.5
0.5 0.5
0.5 0eS
0e5 0.5
0.5 0e5
0.5 0.5
0e5 0a5
0.5 0.5
0.5 0e5
0+5 0e5
0eS 0e5
0+5 045
0e5 0e5
0.5 0.5
0.5 0e5
0.5 6.0
0.0 040
0.0 0e0
0.5 040

2645
2545
25.5
23.5
22.0

23.5
23.5
2445
24.5
2545

2540
25.5
25.0
255
25,5

2545
2445
24,0
23.5
23.5

2345
22.0
2045
21.0
23.0

23.5
23.5
2440
23.5
220
21.5

26.5

AUGUST

MIN

24,5
22+ 0
23,5
20.5
19.5

20.0
20,5
2lev
21.5
23.0

22,0
21,5
22.0
2241
22.0

?3.5
2140
21.0
22,0
21.5

2045
20.0
19.0
1940
19.0

20.0
21.0
22.0
2040
2040
19.5

19,0

MARCH
MAX MIN
045 0.5
0.5 0.5
045 0.5
05 045
0.5 0e5
0.5 045
0.5 0.5
0.5 0e5
0.5 De5
0.5 NS
0.5 0.5
1.0 0.5
1.0 045
1.0 1.0
1.0 1.0
1.0 1.0
240 1.0
240 240
3.5 2.0
3,5 3.5
445 3.5
445 4a0
4,0 3.5
3.5 3.5
3.5 3.5
2.0
1.5
240
3.0
240
3.5
45 N5
SEPTEMBER
MaX MIN
2040 18.0
19.0 13.0
20.0 19.0
22.0 20.0
22.0 205
21.5 20.5
22.0 21.0
23.5 21.5
23.0 2.0
22.0 21.0
2045 19.5
20.0
19.0
165 1
1640 15.5
170 1640
17.0 16,5
17.0 16,5
1640 1645
1845 17.0
2045 1845
205 2040
200 19.0
19.0 19.0
19.0 1845
19.0 18.5
18.0
15.5
13,5
12.0
23,5 11+5



88 STREAMS TRIBUTARY TO LAKE HURON

04151500 CASS RIVER AT FRANKENMUTH, NICH,
(International Hydrological Decade River Station)

LOCATION (revised),--Lat 43°19'50", long 83°45'25", in N¥}SE} sec,27, T.11 N., R.6 E., Saginaw County, at bridge on
Dehmel Road, 0.7 mile downstream from gaging station, 1.1 miles downstream from dam in Frankenmuth, 2,7 miles
upstream from Dead Creek, and 16 miles upstream from mouth,

DRAINAGE AREA,--848 sq mi (at gaging station),

PERIOD OF RECORD, --Sediment records: May 1966 to September 1970,

EXTREMES, --1969-70:

Sediment concentrations: Maximum daily, 460 mg/l July 11; minimum daily, 1 mg/l Mar, 23.25, 31, Apr, 1.

SUSPENDED~SEDIMENT DISCHARGE. WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

'CTNBFR NOVEMBER DECEMBER
MEAN ME AN MEAN
MEAN CONCEN- SEDIMFNT MEAN CONCEN— SEQ IMENT MEAN CONCEN~ SEDIMENY
DISCHARGE TRATION SISCHARGE OISCHARGE TRATION DISCHARGE DISCHARGE TRATION DISCHARGE
pDay (CFS) (MG/L) (TONS/DAY) (CFS}) IMG/L) (TONS/DAY) (CFS} IMG/L} (TONS/DAY}
1 34 26 2.4 78 10 2.1 122 5 1.6
2 33 25 2.2 Lo 17 2.7 %6 4 1.0
3 33 24 2.1 109 11 3.2 107 4 1.2
4 33 23 2.0 jE Y 13 3.5 4 4 1.0
5 32 22 1.9 99 15 4.0 95 4 1.0
6 32 21 1.8 a7 12 3.1 94 4 1.0
7 36 20 1.9 89 3 1.9 93 4 1.0
4 33 19 2.0 83 5 i.1 96 4 1.0
9 39 20 2.1 79 6 1.3 97 4 1.2
17 38 29 2.1 81 9 2.0 100 4 1.1
11 53 21 3.0 81 12 2.6 104 4 1.l
12 53 22 3.0 78 12 2.5 107 4 1.2
13 55 22 3.3 17 10 2.1 137 4 L.2
14 60 23 3.7 73 10 2.0 104 4 1.1
15 58 24 3.8 7 10 1.9 100 4 L1
16 54 20 2.9 68 10 1.8 92 4 99
17 56 18 2.6 70 10 1.9 88 4 95
13 54 16 2.3 8a 10 2.2 82 4 -89
19 55 17 2.5 132 15 5.3 78 4 «84
20 51 7 2.8 196 20 1n 10 4 76
21 84 16 3.6 171 15 6.9 62 4 <67
22 83 15 3.6 L54 10 4.2 62 4 .67
23 £ 13 3.2 146 9 3.5 64 4 «63
24 84 I 2.5 144 8 3.1 68 4 73
25 78 10 2.1 141 8 3.0 72 4 .18
26 T2 17 1.9 141 7 2.7 72 4 <78
27 79 10 1.9 140 & 2.3 70 4 .76
28 73 9 1.8 134 6 2.2 70 4 <76
29 70 9 Le7 128 5 1.7 70 4 76
30 66 9 1.6 125 5 1.7 74 4 +80
31 64 9 1.6 - - - 78 4 <84
TUTAL 1742 - 75.9 1266 - 89.5 2688 - 23.21
JANUARY FEBRUARY MARCH
MEAN ME AN MEAN
MEAN CONCEN= SEDIMENT MEAN CONCEN= SEDIMENT MEAN CONCEN- SEDIMENT
N1SCHARGF TRATION DISCHARGE DLSCHARGE TRATEON DISCHARGE DISCHARGE TRATION DISCHARGE
DAY (CFS) MG/} (TONS/DAY) (CFS} (MG/L) [TONS/0AY} (CFS) (MG/L) (TONS/DAY)
1 B89 4 1) 105 7 2.0 130 10 3.5
2 40 4 -86 120 10 3.2 130 10 3.5
3 78 4 «84 130 Lo 3.5 123 10 3.3
4 74 4 80 125 Lo 3.4 389 53 T4
5 68 4 .73 120 T 243 1080 118 344
& 64 4 69 115 5 1.6 1603 142 613
7 60 4 <65 110 4 1.2 1240 L46 489
8 58 4 .63 110 4 1.2 630 69 n2
9 53 4 .63 110 4 1.2 450 24 29
10 59 4 64 119 & 1.2 400 L5 L6
11 6 4 65 110 4 1.2 310 L5 13
12 64 4 <69 105 4 1.1 250 L2 8.l
13 62 4 .67 190 % 1.1 215 7 4.1
14 60 4 65 90 4 .97 200 6 3.2
15 56 4 60 8% 4 92 180 6 2.9
16 S5h 4 60 82 4 .89 170 7 3.2
17 57 4 62 30 4 .86 Les 7 3.1
18 58 4 +63 84 & 91 160 5 2.2
19 60 4 65 86 4 93 159 2 86
20 63 4 .68 84 4 91 179 2 97
21 o4 4 <69 86 4 93 232 2 L.3
22 66 4 71 86 4 .93 267 2 1.4
23 68 4 .73 94 4 1.0 301 1 81
24 T 4 76 100 4 1.1 348 1 -94
25 70 & 76 L5 7 2.2 377 1 1.0
26 71 4 77 125 10 3.4 380 2 2.1
27 7n % oT7 L50 10 4.1 27 2 1.8
28 72 4 .78 170 15 6.9 446 2 2.4
29 74 4 <80 - - - 492 2 2.7
39 35 4 92 - 502 2 2.7
31 96 4 L.0 - - - 525 L lo4
TOTAL 2082 - 22.46 2987 - 5115 12327 - 1747.48



EXTREMES, 1969~70,--Continued
Sediment discharge:

Period of record:
Sediment concentrations:

1970.
Sediment discharge:

STREAMS TRIBUTARY TO LAKE HURON
04151500 CASS RIVER AT FRANKENMUTH, MICH,--Continued

89

Maximum daily, 6,230 tons July 11; minimum daily, 0,60 ton Jan, 15, 16,

Maximum daily, 535 mg/l Mar. 28, 1967; mimimum daily, 1 mg/1 Mar, 23-25, 31, Apr, 1,

Maximum daily, 13,800 tons Mar, 28, 1967; minimum daily, 0,38 ton Oct, 11, 12, 1966,

REMARKS, --Daily sediment discharges corputed by subdivision on Mar, 4, Apr, 21, 22, July 3, 8, 10, 11, Aug, 19,

Sept, 4, 15, 16, 27,

by dams upstream from station.

SUSPENDED-SEDIMENT DISCHARGE,

APRIL
MEAN
MEAN CONCEN-
O1SCHARGE TRATION
DAY (CFS) [MG/L)
1 546 1
2 592 3
3 490 5
4 487 7
5 638 1L
6 1010 19
7 1660 50
8 2390 18
9 3100 167
10 2659 96
11 1660 44
12 1200 19
13 933 13
14 744 8
15 619 5
16 537 8
17 482 I
18 434 14
19 397 14
20 463 e
21 850 29
22 2700 157
23 2820 204
24 1750 60
25 1300 34
26 965 34
27 718 27
28 531 27
29 493 26
30 429 30
3t - -
TOTAL 33838 -
JuLy
MEAN
ME AN CONCEN-
DISCHARGE  TRATION
nay 1CES) (MG/L)
L 92 10
2 83 10
3 111 107
4 168 50
5 162 22
6 126 18
7 106 14
8 199 149
9 T46 1o
10 1060 170
|88 5269 460
12 5620 138
13 2790 55
14 1610 40
15 1840 71
16 1880 72
(7 1240 45
18 829 39
19 615 37
20 588 36
21 585 35
22 519 32
23 411 28
24 336 27
25 292 27
26 257 27
27 226 25
28 199 29
29 211 37
30 308 38
31 545 36
TOTAL 29072 --

MAY

MEAN
SEDIMENT MEAN CONCEN—  SEDIMENT MEAN

DISCHARGE OISCHARGE  TRATION  DISCHARGE 0 [SCHARGE

(TONS/DAY) 1CFs) IMG/L) [TONS/DAY) [CFS)
1.5 393 33 34 183
4.8 345 37 34 179
6.6 304 34 28 224
9.2 276 26 19 225
19 257 28 19 194
52 240 25 16 167
224 223 19 11 144
761 212 21 12 128
1400 202 27 15 17
687 189 29 15 108
197 178 30 14 101
62 181 30 15 193
33 220 28 17 208
16 241 23 15 200
8.4 281 13 9.9 184
12 434 22 26 221
14 497 21 36 249
16 420 26 29 481
15 341 24 22 376
18 284 22 17 247
74 240 46 32 193
1260 209 52 29 160
1550 189 50 26 143
284 194 47 25 167
119 267 41 30 159
89 387 32 33 145
52 339 28 26 134
42 271 28 20 121
35 234 29 18 108
35 205 32 18 100
- 198 31 7 —
7096.5 8441 - 675.9 5565

AUGUST

MEAN
SEDIMENT MEAN CONCEN~  SEDIMENT MEAN

DISCHARGE DISCHARGE ~ TRATION  DISCHARGE DISCHARGE

1TONS/DAY) ICFS) MG /L) (TONS/DAY) 1CFS)
2.4 375 30 1 82
2.2 279 35 26 75
33 2217 45 28 88
23 234 42 27 490
9.6 254 33 26 472
6.1 259 35 24 331
4.0 236 33 21 256
98 201 30 16 215
222 169 28 13 170
624 L44 26 10 140
5230 126 24 8.2 120
2090 113 22 6.7 105
414 123 22 6.1 95
174 96 22 5.7 98
353 89 22 5.3 182
365 112 22 6.7 690
151 119 22 7.1 1070
34 103 22 6.1 943
61 231 59 42 701
57 260 45 32 522
55 183 36 18 389
45 144 35 14 327
31 125 34 3 321
24 114 33 10 292
21 196 29 8.3 262
19 100 26 7.0 262
15 101 26 7.1 575
16 101 25 6.8 961
21 93 25 6.3 666
32 93 24 6.0 483
53 89 24 5.8 _
11344.3 4979 - 447.2 11381

TUTAL DISCHARGE FOR YEAR (CFS-0AYS)
TOTAL SUSPENDED-SEQIMENT DISCHARGE FOR YEAR I1TONS)

Flow affected by ice Dec, 5, 6, Dec, 15 to Mar, 1, Mar, 8-18, 26.

Occasional regulation

WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

JUNE
MEAN
CONCEN- SEDIMENT
TRATION DISCHARGE
MG/L) {TDNS/DAY)
30 15
29 14
28 17
24 15
21 1
20 9.0
20 7.8
21 7.3
22 6.9
22 6.4
24 6.5
27 14
32 18
30 16
29 14
25 15
25 17
44 57
70 71
42 28
28 15
23 3.9
20 7.7
19 8.6
17 7.3
15 5.9
14 5.1
12 3.9
1l 3.2
10 2.7
- 435.2
SEPTEMBER
MEAN
CONCEN-  SEDIMENT
TRATION  DISCHARGE
(MG /L) LTONS/DAY)
23 5.1
23 4.7
25 5.9
107 148
54 69
39 35
38 26
36 21
35 16
21 10
23 7.5
23 6.5
23 5.9
23 6.1
29 15
102 203
56 162
30 76
25 47
23 32
23 24
23 20
23 20
23 18
23 16
23 e
71 127
108 280
45 81
3l %0
- 1543.7
118168
23558.56



20 STREANS TRIBUTARY TO LAKE ST. CLAIR
04159130 ST, CLAIR RIVER AT PORT HURON, MICH.

LOCATION, --Lat 42°59'19", long 82°25'29", in SE} sec,3, T.6 N., R,17 E., St. Clair County, at Port Huron municipal
raw-water intake at Pine Grove Park at Port Huron.

DRAINAGE AREA.--222,400 sq mi, approximately,

CHEMICAL ANALYSES, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

PO- ALKA= ORGANIC AMMONIA
TAS~ LINITY: CHLO~ NITRO-  NITRO-
SODIUM S1uM AS SULFATE RIDE GEN GEN NITRATE
TIME {NA) (K} CaCO3 (S04} ({8 (N} (N) N}
(MG/L)  (MG/L)  (MG/L)  (MG/L)  (MG/L)  (MG/L)  (MG/L)  (MG/L)
0830 -- - 79 21 6.0 - - -
0830 - - 78 17 7.0 - - -
0830 - - 78 15 6.0 - - -
0830 - - 78 17 645 - - -
0830 - - 78 16 6.0 «11 01 o 20
0830 - - 78 15 6.0 - - -
0815 - - 78 16 6.0 - - -
0830 - - 18 12 6.0 - - -
0930 - -- 78 19 0 .12 $02 .20
0830 - - 78 16 6.0 - - -
0900 - - 78 15 6.0 - - -
0815 - -~ 78 20 640 - - -
0910 - - 78 15 640 - - -
0830 3.6 1.0 78 16 740 +00 .00 .20
-- - -- 78 14 6.0 - - -
0815 - - 79 18 7.0 - - -
0930 - - 78 14 6.0 - - -
0830 — - 79 18 7.0 »00 #00 «20
0830 - - 78 19 5.5 - - -
0830 -~ - 78 19 S.0 - - -
0930 - - 80 19 6.0 - - -
0900 - - 79 14 6.0 +00 <02 .03
11600 - - 80 14 7.0 - -- -
0815 - - 80 16 6.0 - -
0930 -- - 30 12 6.0 - -
0830 . - 78 18 7.0 - - -
0830 - - 79 14 S.0 <00 «04 «30
0830 -- -- 79 16 640 - - -
0930 - .- 79 12 6,0 - - -
0900 - - 79 14 7.0 - - -
0900 - - 77 1.0 55 .00 «00 «30
0830 - - 78 14 6.0 - .- --
0930 - - 78 14 6.0 - - -
0900 - - 78 14 6.0 - - -
0915 -- - 78 19 6.0 «00 <00 «30
0915 - - 78 12 6.0 - - -
0930 - - 78 12 6.0 - - -
1000 - - 78 15 6.0 - - -
0900 3.2 9 78 22 7.0 .00 «00 20
0930 - - 78 17 7.0 - - Ld
0930 - — 78 17 6,0 - - -—
0845 - - 78 21 740 - - --
0815 - -- 79 19 6.0 - - -
0930 - - 79 22 5.5 - - .16
0930 - - 78 14 6.0 - - pun
0930 -— - 78 15 7.0 -- -- -
0930 -- - 78 12 7.0 - - -
0930 - - 78 21 6.0 - - -
0930 .- - 78 17 7.0 .10 .02 .10
0930 - - 79 17 7.0 - - -
0900 - - 78 16 7.0 - - -
0900 Lol - 78 20 7.0 - = -




STREAMS TRIBUTARY TO LAKE ST, CLAIR a1
04159130 ST. CLAIR RIVER AT PORT HURON, MICH.--Continued
PERIOD OF RECORD, ~-Chemical analyses: October 1969 to September 1970.
REMARKS. ~-Station operated as part of the Enviromnmental Protection Agency (EPA) national network. Weekly chemical
analyses furnished by City of Port Huron Water Department. Radicchemical and trace element analyses by the EPA.

Station operated by the former Federal Water Quality Administration (now EPA) during the period May 1960 to
September 1969, No discharge records available,

CHEMICAL ANALYSES, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

OIS~ 0rIs- TOTAL
SoL- SULVED NON- SPECI~
TOTAL VED- SOLIDS  FILY=- FIC
PHOS= PHOS-  (RESI-  RABLE TOTAL HARD= COND-
PHNRUS PHORUS DUE AT RESIOUE RESI- NESS UCTANCE PH TEwP=
F) ) 180 C) DUE (CAyMG)  (MICRO- ERATURE
{MG/L) {MG/L) {MO/ZL) {MG/L) {MG/L) AIMG/L) MHOS) (UNITS) (NEG C)
- - - - - 100 - 8.3 17,0
- - - - - 100 208 843 15,5
- - - - 99 207 8.3 12.7
- - - -- - 100 212 8.3 10.0
<00 .00 116 32 148 99 - 8,3 10,0
- - - - - 99 205 A.3 9.5
- - - - - 99 205 863 7.0
- - - - - 98 204 8,3 10.0
.10 01 120 70 190 99 206 8.3 5.0
- - - - - 100 203 Be3 5.0
- - - - -- 100 207 8.3 3.9
- - - - - 98 206 8.3 2.0
- - - - - 99 218 A.3 l.0
«01 <01 116 19 135 99 218 Be3 1.1
- - - - - 98 213 8.3 S.0
- - - - 99 217 8.3 1.0
- - -~ - - 98 210 8.3 5
N0 «00 188 2 190 99 218 R.3 .5
- -— - - - 98 212 8.3 .1
- - - - - 99 216 8¢3 .l
- - -~ - - 99 224 8.3 o5
.00 .00 136 0 136 99 207 Be3 o5
- - - - - 98 220 8.3 -
- - - - 99 217 8.3 1.1
- - - - 99 220 Be3 1.5
- - - - - 99 211 Be3 5
.53 <01 104 70 174 98 206 8.3 5
- -— - - - 98 206 8.3 .2
- - -— - - 96 201 8.3 245
- - - - - 98 205 843 3.0
.22 .02 118 13 131 97 194 8.3 Lot
- - - -— - 97 203 8.3 5.5
- - - - - 97 203 8.3 9.0
- - - - - 99 205 Re3 11.0
«01 #01 116 12 128 96 208 8.3 10.6
- - - - - 97 208 8,3 13.0
- - - - 98 208 2.3 15.0
- - - - - 98 209 8.3 14.0
w01 .01 122 6 128 95 203 8.3 15,0
- - - - - 96 209 8.3 17.9
- - - - -- 96 209 8.3 1840
- - - - - 97 208 843 18,90
- - - - - 91 210 8.3 18.9
42 .00 - - - 96 211 8,3 23,0
- - - - - 98 21 Ra3 22,0
- - - - —-— 96 210 Re3 23.0
- - - - - 96 210 843 2lel
- - - - -— 96 213 6e3 215
$06 206 l28 2 130 96 210 8.3 21.2
- - - - - 98 208 Be3 1845
- - - - -— 94 206 8.3 17.8
- - - - - 96 208 Be3 17.0




a2

DATE
DCT. D6-DEC. 29

JAN. 05~JUN. 29

DATE
DCT. 06-DEC. 29
JAN. 05-JUN. 29

DATE
OCT. 06-DEC. 29

JAN, 05-JUN. 29

DIS-
SOLVED
ALUM~—
INUM

(ALY
we/Ly

<12
<12

DIs~
SOLVED
CAD~
MIUM
(CD}
[{Ucran]

<é

<6

D15~
SOLVED
ZINC
(ZN}
e/L?

&
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STREAMS TRIBUTARY TO LAKE ST. CLAIR

04159130 ST, CLAIR RIVER AT PORT HURON, MICH,--Continued

CHEMICAL ANALYSES, WATER YEAR DCTDBER 1969 TD SEPTEMBER 1970

COLOR
(PLAT=-
INUM=
COBALT
UNITS)

om0

cono

25593 ooo> soco

ER NN

(UG/L)
<8
35
DIS-
SOLVED
CHRD~
ue/Ly
<3

<3

TOTAL

FILT-

RABLE
RESIDUE

(MG/L)

414

TUR=

81D~

1Ty
It

N

[ N

v

———uN AN =N N NA S

1
N R RS e

e

e

N

N~ =

(MN)
(ue/L)

<3

4

DIs-
SDLVED
CDBALT

[{2:]}
ue/sL)

<6

<6
TOTAL
NON-
FILT-
RABLE

RESIDUE

(MG/L)

25

0Is-
SQLVED
OXYGEN
(MG/sLY

8.9
8.3
9e4
9.2

9.8
1448
11.4
11.2

13.7

4.4
13.7
14.8
15.2

1443
13.8
14.0
14a4
la.s

13.5
1348
13.7
13.9

13.5
13.2
12.5
118

11.7

SDDIUM
(NA)
(MG/L)

<1.0

2.5

DIS~
SDLVED
CDPPER

(Cu)
e/

5

4

TOTAL

RESI-
DUE

(MG/L)

439

DELAYED
610~ coLI- PIS=-
CHEM= FORM SOLVEN
IcaL (CoL- SELE=~
OXYGEN ONIES PHENOLS CYANIDF NIUM
DEMAND PER (CN) (SE)
{MG/L) 100 ML) (esL) (MG/L) (UG/L)
o1 e - - -
o2 24 - - -
.1 62 - - -
.2 21 Ll - -
.3 22 1 - -
3.3 b“ - - -
o1 11 Ld - -—
A 1 - - -
o4 3500 1 -
5 2 - -
o2 14 - -
-3 0 - - -
ol 1 L - -
.3 2 0 .00 2
ol 2 - - -
1.6 b - - -
o5 2 - - -
o7 1 26 - -
o5 0 - - -
.6 [ - - -
1.2 b - -— -
o7 6 n - -
6 4 - - -
i 0 - - -
1.0 2 - - -
P == - - -
-6 0 n - -
- 16 - - -
6 [ - - -
- 0 - - -
- 2 1 - -
- 3 - - -
- 3 - - -
- 10 - - -
b 3 n - -
-3 15 - -
.3 - - - -
o 14 -— - -
3.0 130 5 .00 Iy
.1 21 .- - -
8.8 45 - - -—
8.4 4h .- - -
ol 10 - - -
6 70 0 - -
6 35 - - -
.5 49 - . -
.3 3 - - -
o3 45 - - -
3 &0 n - -
.7 110 -- - -
o1 9 - -
o5 in -- - -
DIS—
PO- SOLVED DI1s- D1s-
TAS— PHDS~ SDLVED SDLVED
SIUM PHDRUS BORDN ARSENIC
(K) (P) (B) (AS)
(MG/L) (MG/L) e/L) (e/L)
.6 <.03 34 <30
.8 <.03 20 <30
DIs-
D1s- SOLVED DIS- DIS-
SDLVED MDLY- SDLVED SOLVED
LEAD BDENUM NICKEL SILVER
(PB) (MD) (NI) (AG)
ue/L) we/L) wesL) we/Ly
<1z <12 <é [+
<12 23 <6 0
DIS- suUs-
TOTAL SDLVED PENDED TOTAL
ALPHA ALPHA ALPHA BETA
(PC/L) (pPC/L) (PC/L) (PC/LY
.0 .0 .0 7.0

DIS-
SOLVED
BARIUM

(Ba)
we/L)

12

10
DIS-

SOLVED

STRON-
TIUM
(SR}

uG/Ly

55

17

DIS~-
SOLVED
BETA

pC/LY

DIs—
SDLVED
BERYL-
LIuM
(BE)
we/Ly

vy
(UG/L}
<1z

<12

sUs-
PENDED
BETA

(PC/L)



STREANS TRIBUTARY TO LAKE ST. CLAIR 93
04160900 CLINTON RIVER NEAR DRAYTON PLAINS, NICH
LOCATION, --Lat 42°39'37", long 83°23'25", in NE} sec.2l, T.3 N., R.9 E., Oakland County, temperature recorder at
gaging station on left bank, 14 ft downstream from bridge on State Highway 59, 1 mile downstream from State fash
hatchery, 2.0 miles south of Drayton Plains,
DRAINAGE AREA.--79.2 sq mi.
PERIUD OF RECORD, --Water temperatures: October 1961 to April 1967, August 1968 to September 1970.
EXTREMES . ~-~1969-70: o
Water temperatures: Maximum, 26,5°C July 3, Aug. 1, 12, 13; minimum, 1.0°C on many days during January and
February.
Period of record:

Water temperatures: Maximum, 31.0°C July 1, 1963, July 24, 1964; minimum, freezing point on many days during
winter periods.

TEMPERATURE (°C) OF WATEKR, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

OCTOBER NOVEMBER OE CEMBER JENUARY FEBRUARY MaARCH
0AY MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN
1 18.0 14.0 8.5 T.0 3.5 3.0 2.0 1.5 240 2.0
2 16,5 15.5 9.0 8.5 3.0 2.0 2.0 1.5 240 240
3 16.5 14,5 8.0 7.0 3.0 2.0 2,0 1.5 2.0 2.0
3 18,0 14,5 8.0 T.0 2.0 2,0 1,5 1.5 2.0 2.0
5 17.0 14.5 8.0 T.0 3.0 2.0 2.0 1.5 445 2.0
6 16.5 l4ey 8.0 6.0 3.0 2.0 1.5 1.5 440 2.0
7 1645 1445 7.0 640 2.0 2.0 1.5 1.5 3.5 2.0
8 15.0 12.0 7.0 T.0 2.0 2.0 1.5 1.5 3.5 1.5
9 14.5 10.5 Te0 645 3.0 2.0 1.5 1.5 445 Ze0
10 14.0 13.0 8.0 T.0 3.0 2.0 1.5 1.5 4.5 2.0
11 15.0 1440 8.5 7.0 3.0 2.0 1.5 1.5 4.5 2.0
12 1600 12.0 8.5 6.5 3.0 2,0 2,0 1.5 4.5 3.0
13 15.0 12.0 65 640 240 2.0 2.0 1.5 445 2a00
14 14.0 11.5 6.0 5.0 3.0 3.0 2.0 1.5 4o 3.0
15 12.0 10,0 5.0 4.0 3.0 3.0 2.0 1.5 4.0 2.0
16 11.0 10.5 Se0 440 3.0 2.0 2.0 1.5 4.5 1o
17 1045 9.5 5.0 540 3.0 2.0 2.0 1.5 4.5 2.0
18 10.0 8.0 6.5 5.0 3.0 2.0 2.0 1.5 4.0 2.0
19 Y.5 9.0 665 40 3.0 2.9 1.5 1.5 640 3.0
20 10.5 9.0 440 3.0 240 2.0 1.5 1,5 Seu 3.5
21 1040 9.0 4.0 3.0 2.0 240 1.5 1.5 6.5 atl
22 9.0 6.5 440 3.0 2.0 2.0 1.5 1.5 Se5 4.0
23 6.5 4.5 445 4.5 2.0 2.0 1.5 1.5 Seb> 40
24 6.5 5.0 Se0 4eB 2.0 2.0 1,5 1.5 445 4ot
25 9.0 7.0 4.5 4e0 2.0 2.0 1.5 1.5 6.0 3.5
26 9.0 8.5 445 4e0 2.0 1.5 1.5 1.5 5.5 3.5
27 8e0 T.0 4e5 3.5 1.5 1.5 2.0 1.5 5.5 3.5
28 840 5.5 3.5 3.5 240 1.5 2.0 1.0 6.0 4.0
29 7.0 645 400 3.5 240 1.5 2.n 1.5 5.5 Ge0
30 840 5.5 3.5 3.5 2.0 1.5 1.5 1.0 7.0 4l
31 T.0 6.5 ——— —— 3.0 1.5 2.0 1.0 - - Te0 4.5
MONTH 1840 4e5 9.0 3.0 3.5 1.5 2.0 1.0 4.0 1.0 7.0 1.0
APRIL MaY JUNE JuLy AUGUST SEPTE BEF
DAY MAX MIN Max MIN MAX MIN MIN MaX MIN MAX MIN
1 6.0 4.0 16.5 15.5 2045 19.5 2340 2645 24,5 21.0 17.0
2 Gty 3.0 13,5 1l.0 20,5 2040 24,0 25.5 22.0 21.0 1-e&
3 5.5 3.0 15.0 12.0 2040 19.0 26.0 25.0 23.5 2045 19.5
“ 6.5 4.0 15.0 13.0 20.0 19.5 2240 23.5 2045 22.0 20
S 6.5 3.5 14.5 13.0 21.5 19,5 2045 2445 20.5 23.0 2045
6 4.5 40 15.0 11.5 22,0 20,0 21.5 25.5 210 21.5 200
7 6.5 440 1640 1240 23.5 21.0 21.5 2445 2249 23.0 20,5
8 70 4.0 19.0 1440 24,5 21.5 21.n 2545 2240 23.0 21.0
9 6.5 3.5 19,0 15.5 23.5 2l.0 20,5 25.5 22,0 ?3.0 0.5
10 4.5 3.0 19.0 15.5 2440 2.5 21.0 25.5 2240 2l.5 19.5
11 5.5 3.0 20.5 15.5 2540 23.0 20.5 25.5 2240 21.5 17.0
12 6.0 2.0 18,0 16,5 25.5 23.0 21.5 26,5 22.0 2045 174
13 4.5 2.0 17.0 1540 2640 2340 22.0 26,5 220 1945 1640
16 5.5 3.5 15,5 14,5 24,0 21,0 23,0 26,0 22.0 16.0 1-.0
15 8.5 5.0 18,5 15.0 23,0 21,5 24,5 2340 26,0 22.0 18,0 1540
16 7.0 6.0 18,0 1640 25.0 22.0 24,0 2140 25,5 22.0 19,5 17.0
17 8.5 5.0 16.0 15.0 25.0 23.5 24,0 21.0 26,5 19.5 1R,y 1605
138 6.5 5.0 18,5 14,5 25.0 22.0 23.5 22.0 23.0 20.0 2040 1eas
19 5e5 5.0 20.0 16.5 23.5 20,5 23.0 21.5 2145 2040 2040 164
20 6.5 5.5 2040 1840 22.0 19.0 21.5 20.0 24,0 2040 2040 1840
21 21.0 18,5 20.5 19.5 21.5 18.5 24,0 19.0 22.0 19.5
22 2140 1940 21.5 18,0 2240 19,5 21.0 19.0 2ta5 NS
23 2045 19,0 24,0 19,5 22,0 21,0 2045 18.0 2043 13,0
24 19.0 1840 22.0 20,5 22,0 21.0 16,5 17.0 2045 1940
25 20.0 18.0 23,5 18,5 23,5 2140 23,5 17,0 21.5 2M.5
26 200 18.5 21,5 18,5 2440 21.5 2440 19,0 2040 18.5
27 1%.0 1845 21.5 16,0 24,5 2240 2440 2040 17.¢0 16.5
28 19.5 18.5 21.5 18,5 25.5 23,5 24.5 20.0 16,5 1545
29 20+0 18.0 2440 19.5 26.0 26440 2¢40 19.19 1549 14.0
30 21.0 19.5 25.5 21.5 25.0 chal 22.0 19.0 15.5 14.5
31 20.5 19.5 — ——— 25,5 23.5 21e0 18,5 —— —

MONTH 16.5 2.0 21.0 11.0 25.5 16,0 26,5 18,5 2645 17,0 23.0 14,0



94 STREAMS TRIBUTARY TO LAKE ERIE
04165700 DETROIT RIVER AT DETROIT, MICH.

LOCATION, --Lat 42°20'50", long 82°57'31", in T.2 S,, R.13 E., Wayne County, at Detroit municipal raw-water intake at
Water Works Park at Detroit,

DRAINAGE AREA,--228,800 sq mi, approximately,

CHEMICAL ANALYSES, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

PO- ALKA= ORGANIC AMMONIA TOTAL
Tas=- LINITY CHLO~ NITRO=  NITRO= PHOS«
SOD UM SIUM AS SULFATE  RIDE GEN GEN NITRATE  PHORUS
TIME (NA) (K) CaCo3 {S04) «©L) N {

)] Ny N) (P)
(MG/L) MG/L) (MG/L) {MG/L) {(MG/L) {MG/L) {MG/L) {MG/L) {MG/LY

- - - 81 15 9.0 - - - -
0755 - - 79 15 840 - - -
0800 - - 80 15 o0 - - -
0800 - - 82 15 7.0 - - —~ -
0830 - - 80 16 8,0 .13 14 - .00
0800 - - 80 15 8,0 - - - -
0800 - - 80 15 7.0 - - - -
0800 - - 80 14 8.0 - - - -
0815 - - 78 14 8.0 «05 .00 - .02
0745 - - - - - - - - -
0800 - - 78 15 8.0 - - - -
vBoo - - 80 14 9.0 - - -— -
0845 - -- 81 15 9.0 - - —_— -
Q740 4ot 1.1 81 16 Be0 07 .07 -

0800 -- - 86 17 1l - - -

0800 - - 83 16 11 - -- - -
0830 - -- 83 17 9.0 - - - --
0745 -- -- 81 15 9.0 <00 .01 -- .00
0800 83 17 1 - - - --
0800 83 15 9,0 - -

0815 -- - 83 16 13 - -

0745 -~ - B4 15 10 <00 «00 -_

0800 - - 77 15 7.0 - - -

0800 - - 81 17 11 - - _ -
0800 80 16 8.0 +00 <00 — $02
0730 81 17 10 - - —-—

0800 - - 84 17 10 - - -

0745 - - 80 17 9.0 - - - -
0800 - - 84 17 10 <00 «03 — «00
0800 -- - 80 14 8.0 - - —
0825 - 80 14 8.0 - - -

0820 - 80 15 9.0 - - - -
0800 e -~ 80 12 9.0 <06

0730 -— - 83 17 10 -

08oo - - 83 17 9.0 -

0750 - - 80 16 9.0 -— - -
0800 46 9 1) 37 9.0 «00 - 06

- - - 8o 13 - - - -
0800 - - 13 16 lg.o -— -

0735 - - - - -- - -
0800 - - 80 17 10 - - --

- - 81 16 9.0 - -

0845 - 81 17 9.0 - o -33 -03-
0745 - - &80 16 9.0 - - - -
0800 - - 19 15 8,0 - - - -—
0800 - - 81 16 9.0 - -— - -
nbas - 81 17 9. . .

0800 -- - - b4 o i -18 -1z,
0800 - 80 16 8.0 - - - -

0800 - -- 81 16 10 - - - -



STREAMS TRIBUTARY TO LAKE ERIE 95
04165700 DETROIT RIVER AT DETROIT, MICH,--Continued

PERIOD OF RECORD, --Chemical analyses: October 1969 to September 1970,

REMARKS, --Station operated as part of the Environmental Protection Agency (EPA) national network, Weekly chemical
analyses furnished by the City of Detroit Water Department, Radiochemical and trace element analyses by the EPA,
Station operated by former Federal Water Quality Administration (now EPA) during the period November 1957 to
September 1969, No discharge records available,

CHEMICAL ANALYSES, WATER YEAR OCTOBER 1969 TO SEPTEMBER 1970

DIS~ DIs=~ TOTAL
SOL~- SOLVED TOTAL NON=- SPECI=-
VED- SoLINS FILT= FILT= FIC
PHOS~ (RESI= RABLE KABLE TOTAL HARD= COND=~
P~ORUS DUE AT RESIDUE RESIDUE RESI= NESS UCTANCE PH TEMP=
() 180 ©) NUE (CAIMG)  {MICRO~ ERATURE
(MG/L) (MG/L) (MG/L) (MO/L) (MG/L) (MG/L) MHOS) (UNITS) (PEG CO)
- - r3z2 “ - 96 Lo 8.1 18.8
- - 125 4 Ldd 98 <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>