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CONVERSION FACTORS AND ABBREVIATED WATER-QUALITY UNITS
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inch (in.)
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acre
square mile (mi2)

pound (Ib)
ton (short)

By

25.4
0.3048
0.4048
2.590
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0.9072

To Obtain

millimeter
meter
hectare
square kilometer
gram
megagram (mg)

Abbreviated water-quality units used in this report: Chemical concentrations and water temperature are given in metric units. Chemical 
concentration is given in milligrams per liter (mg/L) or micrograms per liter (Hg/L). Milligrams per liter is a unit expressing the concentra­ 
tion of chemical constituents in solution as weight (milligrams) of solute per unit volume (liter) of water. One thousand micrograms per 
liter is equivalent to one milligram per liter. For concentrations less than 7,000 mg/L, the numerical value is the same as for concentrations 
in parts per million. Other units of measurement used in this report are microsiemens per centimeter at 25°Celsius (piS/cm).
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Temperature, pH, Conductance, and Dissolved Oxygen 
in Cross Sections of 11 Lake Michigan Tributaries, 
1994-95

By David W. Hall 1 , Thomas E. Behrendt2 , and Peter E. Hughes1

Abstract

Temperature, pH, conductance, and dis­ 
solved oxygen data were collected along cross sec­ 
tions at 11 major tributaries to Lake Michigan from 
April 1994 through October 1995 as part of the 
U.S. Geological Survey Lake Michigan Tributary 
Monitoring Project. Eleven tributary monitoring 
stations were installed near their points of dis­ 
charge into Lake Michigan, and were located suffi­ 
ciently upstream to minimize mixing of lake and 
tributary water during most flow conditions. A 
total of 405 samples were collected from the 11 
tributaries. The Grand Calumet, Kalamazoo, and 
Pere Marquette Rivers were generally well mixed 
throughout the sampling period. The Sheboygan, 
Menominee, Manistique, Muskegon, Grand, and 
St. Joseph Rivers were generally well mixed during 
winter months and stratified with respect to tem­ 
perature and conductance in summer months. The 
Milwaukee River, and to a lesser extent the Fox 
River, were found to be poorly mixed at irregular 
intervals throughout the sampling period.

INTRODUCTION

Temperature, pH, conductance, and dissolved oxy­ 
gen data were collected along cross sections at 11 major 
tributaries to Lake Michigan from April 1994 through 
October 1995 as part of the U.S. Geological Survey 
(USGS) Lake Michigan Tributary Monitoring Project 
(LMTMP). This project was part of the U.S. Environ­ 
mental Protection Agency's (USEPA) Lake Michigan 
Mass Balance Project (USEPA Great Lakes National 
Program Office, 1995; Blume, 1997a, 1997b, 1997c) 
and was conducted by the USGS in cooperation with the 
Wisconsin Department of Natural Resources, the Mich­ 
igan Department of Environmental Quality, the Wis­

consin State Laboratory of Hygiene, and the University 
of Wisconsin Water Chemistry Program. The primary 
objective of the LMTMP was to provide tributary con­ 
taminant-loading data for input into the USEPA's Lake 
Michigan Mass Balance model.

The primary objective of this report is to describe 
ancillary field data collected during sampling. These 
data may be of interest because they illustrate spatial and 
temporal heterogeneities that may be considered when 
constructing a mass-balance model or designing a repre­ 
sentative water-quality-sampling program on rivers.

DISCHARGE MEASUREMENT AND RIVER 
SAMPLING

Eleven tributary monitoring stations were installed 
near their points of discharge into Lake Michigan 
(fig. 1; table 1), and were located sufficiently upstream 
to minimize mixing of lake and tributary water during 
most flow conditions (Holmstrom and others, 1995, 
1996; Blumer and others, 1995, 1996; Stewart and oth­ 
ers, 1995, 1996). Discharge was measured using tradi­ 
tional stage/discharge techniques at the Manistique, Pere 
Marquette, and Kalamazoo Rivers in Michigan. Acous­ 
tic velocity meters were installed to measure discharge at 
the Muskegon, Grand, and St. Joseph Rivers in Michi­ 
gan, at the Grand Calumet River in Indiana, and on the 
Milwaukee, Sheboygan, Fox, and Menominee Rivers in 
Wisconsin. A total of 405 samples (including quality 
control blanks) were collected from the 11 tributaries 
(appendix 1). To reduce the error associated with load 
calculations, sampling was deliberately biased toward 
high-flow conditions (more than 20 percent of samples 
were collected at times of discharge above the 20 percent 
exceedance) at each site (Dolan, 1981).

^.S. Geological Survey, Middleton, Wis. 
2U.S. Geological Survey, Lansing, Mich.
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Figure 1. Location of Lake Michigan Tributary Monitoring Project sampling stations 
(figure modified from Robertson, 1996).

Table 1. Identifier numbers, station names, and station numbers of monitored 
tributaries to Lake Michigan

Identifier number 
(from figure 1 )

1

2

3

4

5

6

7

8

9

10

11

USGS station number

04067651

040851385

040860041

04087170

04092750

04102533

04108660

04120250

04122150

04122500

04057005

USGS station name

Menominee River, at mouth, at Marinette, Wis.

Fox River, Oil Tank Depot at Green Bay, Wis.

Sheboygan River, at mouth, at Sheboygan, Wis.

Milwaukee River, at mouth, at Milwaukee, Wis.

Grand Calumet River at Indiana Harbor, Ind.

St. Joseph River at St. Joseph, Mich

Kalamazoo River at New Richmond, Mich.

Grand River at Grand Haven, Mich.

Muskegon River at Muskegon, Mich.

Pere Marquette River at Scottville, Mich.

Manistique River at Manistique, Mich.

2 Temperature, pH, Conductance, and Dissolved Oxygen in Cross Sections of 11 Lake Michigan Tributaries, 1994-95



SPATIAL AND TEMPORAL VARIATION IN 
TEMPERATURE, pH, CONDUCTANCE, 
AND DISSOLVED OXYGEN IN RIVER 
CROSS SECTIONS

Subsampling locations were determined by sam­ 
pling in the center of three estimated areas of equal flow 
across each river, approximately at quarterpoints. At 
each of these three points, a hydrolab was used to mea­ 
sure temperature, pH, conductance, and dissolved oxy­ 
gen at 0.2 and 0.8 times the river depth prior to the 
collection of samples for water-quality analysis. All of 
these data are presented in appendix 2. The Pere Mar- 
quette and Kalamazoo Rivers were sufficiently shallow 
at the sampled cross section that water was assumed to 
be well mixed vertically, and therefore data were col­ 
lected and rivers were sampled at only one depth in each 
of the three equal flow areas.

Qualitative analysis of the data presented in appen­ 
dix 2 indicate that the Kalamazoo, Pere Marquette, and 
Grand Calumet/Indiana Harbor Rivers may be classi­ 
fied as being well mixed throughout the year. The She- 
boygan, Menominee, Manistique, Muskegon, Grand, 
and St. Joseph Rivers were generally well mixed during 
winter months and stratified with respect to temperature 
and conductance in summer months. The Milwaukee 
River, and to a lesser extent the Fox River, were found 
to be poorly mixed at irregular intervals throughout the 
year.
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ô>
S

8

<N
00

d
Q
-->
oo

O 
Q

V,
oo

6
Q

_.,

R

H

ro

2

H

p_
-"

H

oo 
d

- >
00

s
p  <
oo

S
_,
00

£

o
s

8
o
s

e
8
o
Tt

0u

SO
r-

d
Q

<N

0 
Q

fN
00

d
Q

ll §
H

H CL

Q 3

""!

O
52

S

8

H-

3

E
frl
Q

0
fN

H

O
(N

H

l
fN
P^

H

O

O
oo

£

Os
p**

Q.

O
OO

S

o
R

8
o

V,

O 
U

o
f "1
M

Q
8

fN
00

d
Q

p^
oo

0 
Q

~-i
oo

O 
Q

o
P|

H

r-
PHI

r<

H

oo
PHI

H

00
O

o
00

%

Os
r-

£
o
oo

?.

o
fN

O 
U

o
<-O
cs

8
o
CN

Q

Ou

Os
r-

d
Q

,_
00

O
d
fN
OO

O
d

181
p: O  

H

W JS

Q 1

p

E
o
as

t~;

M

a
u

s
£
3

DC

m
Q

ft

ri

H

_,.

^

H

  ̂
H^

H

d

-->
00

a

-^
oo

Q.

rri

OO

s

0

?M

p

8
0

Rl/»

j-J

o u
o
PHI

«n

1

ro
OV

d
Q

SO
OV

O 
Q

VO
ON

d
Q

^.
?I

H

n
rsi

H

_
^

H

00
d

f>
oo

%
m
oo

o.

n
oo

a

0

?i

P

8
0

riw»

M

O 
U

o
oo

8

OV

d
Q

_,.
OV

O 
Q

n
ON

d
Q

» 0 soSJS"

B

u JS
5 E
^ C

Q 5

p

O
2

s
u

o<

lzJ

iaa

^
&

H

^̂
>

H

so

(N

H

O

1^
oo

a

ôo
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