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CONVERSION FACTORS AND ABBREVIATIONS

fieaaers who prefer to use metric (International System ) units rather than 
men-pound units can make conversions using tne following factors:

by J

root (ft) 0.3046 meter (m)

cubic foot per second (ft3/s; 0.02832 cubic meter per second (m3s)

gallon per minute (gal/nun) 0.0630 liter per second (L/s)

oiile (mi) 1.609 kilometer (km)

square mile (mi2 ) 2.59 square kilometer (km2j

EXPLANATION OF TERMS

Tne technical terms used in this report, including units of measurement 
and hydrologic and statistical terms, are explained in the following 
paragraphs. A more complete list of definitions is given by Langbein and Iseri 
v1960); some of the following are taken wholly or partially from that report. 
Others were taken or modified from Lindskov (1977).

  as used in this report, begins on April 1 and ends on March 31 
of the following year. The climatic year is used to ensure that a 
late summer low-flow period lies entirely in one year rather than being 
broken up into two nonrepresentative parts,

.   are terms commonly used intercnangeably in 
referring to extremes in streamflow. Frequency of flow is an average of 
the number of flows that will at least equal in severity a given value for 
a certain time period. Conversely, recurrence interval is the average 
time, in years, between such flows. The year a drought or flood of a given 
magnitude will occur cannot be predicted, but the probable number of such 
events during a reasonably long period of time may be estimated.

For example, a low-flow discharge or 3 ft3/s having a recurrence 
interval of 5 years indicates that a discharge lower than 3 ft3/s will 
occur as an annual minimum at intervals averaging 5 years. Pnrases such 
as "1 0-year discharge" are commonly used in discussing extremes having the 
indicated recurrence interval, in years. Similar terminology is used in 
tnis report. For example, "7-day 10-year low flow" refers to the lowest 
mean discharge for 7 consecutive days having a recurrence interval of 10 
years.



curve   is a graph snowing tne magnitude ana probability oi' 
minimum flows for a given period. Tne probability is of a discharge being 
less than that shown by the magnitude scale.

  1S tne artificial manipulation of the flow of a stream.

J!| a.t.§r_,year   1S the 12-month period, Octobe^- 1 through September 30, used in 
U.S. Geological Survey reports dealing with surface-water data. The 
water year is designated by the calendar year in which it ends. Thus, the 
year ending September 30, 1983, is called the 19&3 water year.

VI



LOW-FLOW-FREQUENCY CHARACTERISTICS FOR CONTINUOUS-RECORD 

STREAMFLOW STATIONS Hi MINNESOTA

By A. D. Arntson ana D. L. Lorenz

ABSTRACT

Annual ana summer (May 1 - September 30) iow-flow-frequency curves are 
presentea tor 175 continuous-recora streamflow stations in Minnesota. The 1-, 
7-, ana 30-aay low-rlow aischarges at selectea recurrence intervals obtained 
from these curves are listed. The curves were aevelopea for all stations with 
10 or more years of continuous record.

INTRODUCTION 

Background

Each year more and more demand is placed on Minnesota's surface-water 
natural resources. Information aoout low-flow characteristics of rivers and 
streams is needed for water-supply planning for municipalities, industries, 
irrigation, and water dilution.

Low-flow characteristics can be defined for continuous-record streamflow 
stations using low-flow probability curves derived from annual minimum flows, 
and can be estimated for partial-record stations, where little or no discharge 
information is available, using a correlation method between a partial-record 
and a continuous-record streamflow station. (Riggs, 1972)

Rigg's method establishes a relation between a partial-record station and 
a index station, a continuous-record streamflow station that has similar basin 
characteristics and that is located near the partial-record station. The 
relation is based on the correlation of low-flow discharge measurements at the 
partial-record station and concurrent daily flows at the index station. Low- 
flow characteristics can be estimated for the partial-record station by using 
the index station low-flow frequency characteristics and the established 
relation.

Liridskov (1977) compiled low-flow frequency characteristics for 161 
continuous-record streamflow stations in Minnesota naving eight or more years 
of record through the 1975 water year. Warne (1978) used Riggs' method ana 
Lindskov's low-flow frequency determinations to estimate the seven-day, two- 
year and the seven-day, ten-year low-flow discharges at about 300 partial- 
record stations in Minnesota.
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The purpose of this report is to help define the surface-water-yiela 
characteristics of Minnesota streams by summarizing low-flow frequency 
characteristics for continuous-record streainflow stations in Minnesota.

Low-flow frequency characteristics ^ere determined for 175 continuous- 
record streawflow stations located in ana adjacent to Minnesota wnich has ten 
or more years of record through the 1983 v/ater year. Low-flow probability 
curves were also generated and are presentee in the appendices.

This report supersedes a similar 
addition of eight years of recora, low- 
updated for many of the continuous-record 
were aaaed to the compilation.

report by Lindskov (1977). Witn the 
flow frequency characteristics were 

si, ream flow stations and new stations

LOW-FLOW CHARACTERISTICS

The source of daily flow information! for 22b discontinued and current 
continuous-record streamflow stations was the Water-Data Storage and Retrieval 
System ^WATSTORE; Hutchison, 1975J, which jjs maintained by the U.S. Geological 
Survey. All available streamflow records I'fom 1892 through the 19&3 water year 
were consiaered in the analyses.

Low flow is defined as the lowest average flow for some consecutive-day 
period. The 1-, 7-, and 30-aay low-flow series were computed from the recora 
of each station for each climatic and seasonal period. Frequency characteris­ 
tics for the climatic year (April - March) and seasonal (May - September) data 
were determined using a Log-Pearson type {LII frequency distribution computer 
program available in WATSTORE. Frequency clirves were prepared for this report 
only for stations having 10 or more years ojt' continuous record. Another methoa 
of defining frequency characteristics is preferable for the 53 stations witn 
less than 10 years of record (Riggs, 197--). Results for the remaining 175 
stations, shown in figure 1, aro presented in this report.

Table 1 contains a description of teach station in downstream oraer 
accoraing to the U.S. Geological Survey's station-identification-numbering 
system. The station name, latitude, longitude, nyarologic-unit number, 
drainage area, period of record, ana number of water years with complete recora 
(i.e., no missing days) also are includea in table 1.

The annual ana seasonal low-flow-frequency curves for 175 stations listea 
in table 1 are plotteo in the appendices. These are Log Pearson type III 
frequency curves fitted to the station data. Tne positions of the data points 
were computed by the Hazen formula

PM = (M-0.5)/N
where P^ is the plotting position for the Mtn point, M is order number when the 
aata are sorted from the lowest to nighejst, aria N is the number of years of 
record.
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Low-flow characteristics taken from these frequency curves are listed with 
the plotted graphs. These characteristics are described in terms of recurrence 
interval instead of probability as shown on the plot, Kecurrence interval, in 
years, is the reciprocal of probability when the frequency curve is based on 
only one data item per year. Thus the 20-year recurrence interval corresponds 
to a probability of 0.05 (5 percent). If a low-flow discharge at a given 
recurrence interval was determined to be zero, it is listed aa 0.0, and if the 
low flow was determined to be between zero and 0.1 cubic foot per second it is 
listed as <0.1. Note that this report contains the results of one of several 
possible analytical techniques. Stations witri insufficient data for graphical 
presentation are listed in table 2.

Stations plotted in the appendices are listed alphabetically in the index 
starting on page 12. Annual low-flow probability plots are presented in 
Appendix A while seasonal plots are presented in Appendix B.

SUMMABY

Annual arid seasonal low-flow characteristics w-ere determined for 175 
streamflow stations in Minnesota having at least 10 years of continuous record 
by fitting a Log-Pearson Type III distribution to the data. Tables and graphs 
summarize each analysis. These data supersede those presented in earlier 
reports.

Low-flow characteristics can arid will vary for a station depending upon 
the number of years of record and the period gaged. When comparing low-flow 
characteristics between two or more stations, it should be remembered that no 
provisions were made to use concurrent periods of record for stations along the 
same stream.
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INDEX OP STBEAMFLOH STATIONS, ANNUAL- AND SEASONAL-PROBABILITY PLOTS

Page

Armstrong Creek near Ely..................
Baptism River near Beaver Bay.............
Basswood River near Winton................
Bear Island River near Ely................
Big Fork River at Big Falls...............
Blue Earth River near Rapidan.............
Bois de Sioux River near Fainnount, ND....
Bois de Sioux River near Wnite Rock, SD... 
Buffalo River near Diiwortn...............
Buffalo River near Hawley.................
Bulldog Run near Warroad..................
Burgo Creek near Ely......................
Burntsiae River near Ely,.................
Cannon River at Welch.. ..................
Cedar River near Austin...................
Chippewa River near Milan.................... i
Chippewa River near Watson....................
Clearwater River at Plummer.................. f
Ciearwater River at Red Lake Fails...........!
Clearwater River near Leonard................ *
Cottonwood River near New Ulm.................
Crow River at Rockford........................
Crow Wing River at Nimrod.....................
Crow Wing River at Pillager...................
Crow Wing River near Pillager.................
Dark River near Cnisholm..................... |.
Des Moines River at Estherville, IA...........
Des Moines River at Jackson...............
Dunka River near Babbitt..................
East Branch Blue Earth River near Bricelyn 
East Branch Warroad River near Warroad....
East Swan River near Toivola..............
East Two Rivers near Iron Junction........
Elk River near Big Lake...................
EdDarrass River at Embarrass..............
Giluore Creek at Winona...................
Glaisby Brook near Kettle River...........
Gull River at Gull Lake Dam near Brainerd. 
High Island Creek near Heriderson..........
Isabella River near Isabella..............
Jackson County Ditch #11 near Lakefieid... 
Kawishiwi River near Ely..................
Kawisniwi River near Winton...............
Kettle River below Sandstone..............
Lac qui Parle River near Lac qui Parle....
Le Sueur River near Rapidan...............

inual S

A-64
4

68
61
75

127
-
21
26
24

66
63

146
162
115
116
40
42
38
122
104
91
93
95
73
164
163
60

125
79
13
10
98
8

155
136
94
130
57
-
56
62

137
113
128

easonal

B-70
4

74
67
81

134
24
23
29
27

72
69
153
169
122
123
43
45
41
129
110
97
99

101
79
171
170
66
132
85
13
10

104
8

162
143
100
137
63
174
62
68
144
120
135



INDEX OF STBEAMFLOV STATIONS, ANNUAL- AND SEASONAL-PBOBABILITT PLOTS Continuea

	,Page 

Annual Seasonal

Leech Lake River at Federal Dam............................... A-81 B-87
Little Cottonwood River near Courtland........................ 123 130
Little Fork River at Littlefork............................... 74 80
Little Minnesota River near Peever, SD........................ 107 114
Little Sioux River near Lakefiela............................. - 173
Long Prairie River at Long Prairie............................ 92 98
Longstorff Creek near Ely..................................... 65 71
Lost River at Oklee........................................... 41 44
Marsh River near Shelly....................................... 30 33
Middle Fork Crow River near Spicer............................ 101 107
Miaole River at Argyle........................................ 45 48
Minnehaha Creek at Minne tonka Mills........................... - 113
Minnesota River at Juason..................................... 124 131
Minnesota River at Mankato.................................... 129 136
Minnesota River at Montevideo................................. 117 124
Minnesota River at Ortonville................................. 109 116
Minnesota River near Jordan................................... 131 138
Minnesota River near Lac qui Parle............................ 114 121
Minnesota River near Odessa................................... 110 117
Mississippi River at Aitkin................................... 88 94
Mississippi River at Elk River................................ 99 105
Mississippi River at Grand Rapids............................. 82 88
Mississippi River at La Crosse, Wl............................ 156 163
Mississippi River at Prescott, WI............................. 143 150
Mississippi River at St. Paul................................. 133 140
Mississippi River at Winnibigosfaish Dam....................... 80 86
Mississippi River at Winona................................... 154 161
Mississippi River below Sanay River near LiDby................ 87 93
Mississippi River near Anoka.................................. 106 112
Mississippi River near Royalton............................... 96 102
Mustinka Ditch above West branch Mustinka River near

Charlesville................................................ - 20
Mustinka Ditch below West Branen Mustinka River near

Charlesville................................................
Mustinka River above Wheaton.................................. 20 22
Namakan River at outlet of Lac la Croix, Ontairo, Canada...... 69 75
Nine Mile Creek at Bloomingtori................................ 132 139
North Branch Two Rivers near Lancaster........................ - 53
North Fork Crow River near Regal.............................. 100 106
North Fork Whitewater River near Elba......................... 150 157
Otter Tail River at German Church near Fergus Falls........... 16 16
Otter Tail River below Orwell Dam Near Fergus Falls........... 19 19
Otter Tail River near Detroit Lakes........................... 15 15
Partridge River near Aurora................................... 6 6
Pelican River near Detroit Lakes.............................. 17 17
Pelican River near Fergus Falls............................... 18 18
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INDEX OF STREAMFLOU STATIONS, ANNUAL- AND SEASONAL-PROBABILITY PLOTS Continued

Page

Pigeon River at Mioole Falls near Grand Portage. 
Pike River near Embarrass...................
Pine Creek near Pine Creek..................
Pine River at Cross Lake Dam, at Cross Lake, 
Poiume oe Terre River at Appleton............
Poplar River at Lutsen..............................
Prairie River near Taconite.........................
Rabbit River near Crosby............................
Rainy River at Manitou Rapids.......................
Rapid River near Bauaette...........................
Rea Lake River.at Crookston.........................
Red Lake River at High Landing near Goodridge.......
Red Lake River at Thief River Fails.................
Red Lake River near Red Lake........................
Red River of the North at Drayton, ND...............
Red River of the North at Emerson, Manitoba, Canada, 
Red River of tne North at Fargo, ND.................
Red River of the North at Grand Forks, ND...,......,
Red River of the North at halstad........... 4.......
Red River of the North at Wahpeton, ND......j.......
Redwood River near Marshall.........................
Redwood River near Redwood Falls....................
Rock River at Rock Rapids, IA.......................
Root River below South Fork near Houston............
Root River near Houston.............................
Root River near Lanesboro...........................
Roseau River at Ross................................
Roseau River below South Fork near Malung. 
Roseau River below State Ditcn 51 near Caribou, 
Ruffy Brook near Gonvick................
Rum River near St. Francis..............
Rush Creek near Rushford................
Sand Hill Ditcn at Beltraiui.............
Sand Hill River at Beltrami.............
Sand Hill River at Climax...............
Sandy River at Sandy Lake Dam, at Libby. 
Sauk River near St. Cloud...............
Second Creek near Aurora................
Shagawa River at Ely....................
Snake River near Pine City..............
South Brancn Buffalo River at Sabin.....
South Branch Two Rivers at Lake Bronson. 

'South Branch Two Rivers at Peian........... 4
South Branch Yellow Medicine River at MinneOta, 
South Fork Crow River at Cosmos............ 4...
South Fork Crow River near Mayer........... 4..,

1

Annual

2
70

A-53
89

112
3

83
90
76
77
43
35
37
34
46
49
23
44
29
22
120
121
165
161
159
157
54
51
55
39
105
158
32
31
33
66
97
5

67
138
25
47
-
118
102
103

Seasonal

2
76

B-59
95

119
3

89
96
82
83
46
38
40
37
49
55
26
47
32
25
127
128
172
168
166
164
60
57
61
42

111
165
35
34
36
92

103
5

73
145
28
51
50

125
108
109
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Page

Annual Seasonal
South Fork Root River near Houston............................ 160 167
South Fork Roseau River near Malung........................... 50 56
South Fork Whitewater River near Altura....................... 151 158
South Fork Zumbro River near Rochester........................ 147 154
South Kawishiwi River near Ely................................ A-58 B-64
Sprague Creek near Sprague, Manitoba, Canada.................. 52 58
St. Croix River at St. Croix Falls, WI........................ 142 149
St. Croix River near Danbury, WI.............................. 134 141
St. Croix River near Grantsburg, WI........................... 135 142
St. Croix River near Rush City................................ 139 146
St. Louis River at Forbes..................................... 9 9
St. Louis River at Scanlon.................................... 14 14
St. Louis River near Aurora................................... 7 7
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E

cX

D

30-ORY LOW FLOW 

D 75 NONZERO FLOWS

s,
c

. 5 99 95 90 80 50 ! 20

Qofrv
^^K

10 5 1 .
PROBABILITY, ifl PERCENT

STRTION 4024000 ST. LOUIS RIVER RT SCflNLON
Magnitude and Probability (Hazen plotting position)

of the flow being equal to or less than the discharge,
for the 12~month perlodl ending March 31

A-1 4



50

10

0.1

0.05
100

o o
CJ 
CD

ce
CJ 
Q_

00

o

CJ 
C£>
ce 
cc
o
CO

10

0.1

0.05
100

10

^*~~-»^^

^\

FLOW OISCH 
100 YEflR <0. 
50 YEflR 0.1 
20 YEflR 0.2 
10 YEflR 0.4 
5 YEflR O.S 
2 YEflR 3.2

-k^

-IR9E
1

^
a   

 "C
?°n

i fcbs

\

1 -UHY LOW FLOW

D 34 NONZERO FLOWS

v>
rs\.

   &"\

       i

^^
^>^>

^^
U QN

FLOW OISCHflRSE
100 YEflR <0.1 
50 YEflR 0.2
20 YEflR 0.3
10 YEflR 0.6 
5 YEflR 1.2

ILnK o.y

^ ina
'    :3^ u   

jsujj tse- 
-^

^a
i^K

i un i L>un r uun 

a 34 NONZERO FLOWS

K.

1 o a a-^s-
\
a

"N.

x,

^*"-»^^
^rT^^.

FLOW OISCH 
100 YEflR 0.2 
50 YEflR 0.4 
20 YEflR 0.7 
10 YEflR 1.2 

" 5 YEflR 2.2 
2 YEflR 6.5

Cr^

RRGE

^
^
^

"
-^N H3    <p

^N

D
^

Q Dns'

30-DflY LOW FLOW 

D 34 NONZERO FLOWS

*F
b>

n
x.

>^°x
N

39.599 95 90 80 50 20
PROBflBILITY, IN PERCENT

10 1 .5

STflTION 5030000 OTTER TfllL RIVER NEflR DETROIT LflKES 
Magnitude and Probability (Hazen plotting position) 

of the flow being equal to or less than the discharge, 
for the 12~month period ending March 31

A-1 5



o o
LJ
in

UJ 
Q_

UJ 
UJ

o
5
o

UJ 
C2
ct: a:
o en
a

DUU

100

10

5 
500

100

10 
500

100 

i n

a

FLOW OISCHRRGE 
100 YERR 7.5 
50 YERR 13.1 
20 YERR 27.4 
10 YERR 47.8 
5 YERR 83.5 
2 YERR 175.0

a "T>^
*---a

a c

'N^

1

C

\
x^
"\

noY

12 N

\
N^

a

LOW FLOW 
ONZERO FLOWS

\

\
X
\^^

1        . = -   _  
a

FLOW DISCHRRGE 
100 YERR 11.6 
50 YERR 18.3 
20 YERR 33.8 
10 YERR 54.2 
5 YERR 88.1 
2 YERR 174.0

~-^cr-
"D^

^J a
ci c

^\_

7-DRY LOW FLOW 
a 12 NONZERO FLOWS

X.

C5-̂\

N .

\
\

D

s^

\
N

    -    - "      
a

FLOW OISCHRRGE 
100 YERR 14.9 
50 YERR 22.7 
20 YERR 39.7 
10 YERR 61.4 
5 YERR 96.2 
2 YERR 183.0

 ^cr- ^c^
^ -B 

a

"^

o

30-DflY LOW FLOW 
a 12 NONZERO FLOWS

y
>y

oS.
>s

\.

\
u
\

\
\

39.5 99 95 90 80 50
PROBRBILITY, IN PERCENT

20 10 1 .5

STflTION 5030500 OTTER TRIL R RT GERMRN CHURCH NERR FERGUS FRLLS
Magnitude and Probability (Hazen plotting position)

of the flow being equal to or less than the discharge,
for the 12-month peiMod ending March 31

A-16



^uu 

100

10 

1

0.1 

n9

X     

X

"S^

\ u

FLUW U 1 SUMMKlJt.

100 YEflR <0.1 
50 YEflR <0.1 
20 YEflR <0.1 
10 YEflR <0.1 

5 YEflR 0.1 
2 YEflR 0.5

k:    n

^  ^ a
xs^

"X
[   

^~>

  e 
w
-e  

1-OflY LOW FLOW 

D 10 NONZERO FLOWS

^^>^
n
    :^ --  ^^

100 

10

1

0.1

0.02 
500

100

10

1

0.1 

n no

\

       _5y__

\. Q

\

FLOW OISCHflRGE 
100 YEflR <0.1 
50 YEflR <0.1 
20 YEflR <0.1 
10 YEflR <0.1 
5 YEflR 0.1 
2 YEflR 0.6

  i^.   B-
"X^

^
n -^    

.
^

7
c

-a   

X
\

N..

FLOW DISCH 
100 YEflR <0. 
50 YEflR <0. 
20 YEflR <0. 
10 YERR <0. 
5 YEflR 0.2 
2 YEflR 0.8

X<-   

Xy

RRRR
1 
1 
1 
1

X-^ o

-X«^-

s^

X

-e "v
...

-DRY 
10 N

"*»*

LOW FLOW 
ONZERO FL

 -        

ows

3 
a

^

0-OflY LOW FLOW 
10 NONZERO FL

a

^ v^    

ows

39.5 99 95 90 80 50 20
PROBflBILITY, IN PERCENT

10 1 .5

STRTION 5040000 PELICRN RIVER NEflR DETROIT LRKES 
Magnitude and Probability (Hazen plotting position) 

of the flow being equal to or less than the discharge, 
for the 12~month period ending March 31

A-17



200

100

10

0.1
200

100

^--^

. . u . i L. , _D i

FLOW OISCHRRGE 
100 YERR 0.0 
50 YERR 0.0 
20 YERR 0.0 
10 YERR 0.0 
5 YERR 1.9 
2 YERR 11.6

1 cnawaj
^S-Dn,
^ IDDCM

^N,
Dn

^5S¥TV[ ^s

a
1

X

D̂ 
DD(

l-ORY LOW FLOW 
a 35 NONZERO FLOWS 

4 ZERO VflLUES

\

\  Nt

.
o 
o
UJen 
on
UJa. 
i-
UJ
CaJ

o
OQ

o

ca
ce a:
o 
en

10

0.2
200

100

10

--*^

U 1 1 n 1
I

FLOW OISCHRRGE 
100 YERR 0.0 
50 YERR 0.0 
20 YERR 0.0 
10 YERR 0.0 
5 YERR 2.5 
2 YERR 13.9

,__      

1 D^tS-fl^*^5i
""** i

fiido, HDQ

^
"n
S^GI n

  iV

i

       

I
II

1|

\
  \

>
""a 

t

7-DRY LOW FLOW 
a 35 NONZERO FLOWS 

4 ZERO VRLUES

y

-\
F=^

\
-   -^

     B     1  -nn

FLOW DISCHRRGE 
100 YERR 0.0 
50 YERR 0.0 
20 YERR 0.0 
10 YERR 0.0 
5 YERR 3.0 
2 YERR 15.7

^&>J-o
<ia(

ID -,

NW^f  DO
^-  =b(

   i
x
H-V
\

-Qee,

30-DRY LOW FLOW 
a 35 NONZERO FLOWS

\

\ \   \-

=*

4 ZERO VRLUES

39.5 99 95 90 80 50 
PROBRBILITY, IN

20 10 1 .5
PERCENT

STRTION 5040500 PELICflN RIVER NEflR FERGUS FRLLS 
Magnitude and Probability (Ha£en plotting position) 

of the flow being equal to or Less than the discharge, 
for the 12-month period (ending March 31

A-1 8



1000

100

10

0.5
1000

u»«i^^ "*»^_
O """""^

Q DXJ^

FLOW OISCHflRGE 
100 YEflR 0.9 
50 YEflR 1.5 
20 YEflR 3.1 
10 YEflR 5.8 

5 YEflR 11.8
ILMK iU./

D
^Q^a

3*%tn

fe-rr   

&ZX-^sr Ch

^

X

1-DflY LOW FLOW 

D 52 NONZERO FLOWS

*s   

      B-  w
r D "^

^K

X

o 
o
OJ
en 
a:
LJa_

LJ 
LJ

CO

o

LJ 
C3
a:or
x: 
o
CD

100 =

10

1000

100

10

"""X^^^
^~V'XN>^

D 5^
^5

FLOW OISCHflRGE 
100 YEflR 2.7 
50 YEflR 4.0 
20 YEflR 7.3 
10 YEflR 12.0 
5 YEflR 21.6 
2 YEflR 60.9

^D
^«3

N fe^^-L-
^^S m 
^

I
^

^Xv

at

7-OflY LOW FLOW 

n 52 NONZERO FLOWS

°°aa X s^
b oN^

Sf]    -
V_"s.
\>

^*»»s^
"" >^

O Q

FLOW OISCH 
100 YEflR 3.6 
50 YEflR 5.4 
20 YEflR 9.S 
10 YEflR 16. 
5 YEflR 29. 
2 YEflR 80.

DTs-t

RRGE

3 
2
4

n"\°o

*^
^

**zr-^
^

DPr

30-DflY LOW FLOW 

D 52 NONZERO FLOWS

X
D ^>

>^
^

39.599 95 90 80 50 20
PROBRBILITY, IN PERCENT

10 1 .5

STRTION 5046000 OTTER TOIL RIVER BELOW ORWELL DflM NR FERGUS FflLLS
Magnitude and Probability (Hazen plotting position)

of the flow being equal to or less than the discharge,
for the 12~month period ending March 31

A-1 9



DI
SC
Hf
lR
GE
, 

IN
 
CU

BI
C 

FE
ET
 
PE
R 

SE
CO

ND

-*> o 3
" 

(D i  
 >

CO
 1

3
 

0 3

T
 

-°
1 

(D

o
 

S' Q
.

(D
 

3
 

0
-

3 CO Q O
 

3~ O
J

0
 

-*> £L (0 -*> O c cr <D
_

3 CO
 

(D C
 

Q C
*

0 O c
 

0)
 

CO
 

CO c* Q C
* rr
 

CD o_
 

<-
 

CO o 3- Q
 

CO 0)

Q CO 3 C
"

c* c Q
_ 

(D O 3 a_  
 n Vobab

lli.

\ C
c 3Z

 
Q (D 3 "O O

 
c* J_

".

3
 

CO "O o CO v
_ £_
".

O 3

CO ID O cn
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/ Un I LUW r LUn

a 42 NONZERO FLOWS

o
x.

XL

°X
=LJS_       

"V

X
\

a

'    ==£ -^i

FLOW DISCHflRBE 
100 YEflR 3.2
50 YEflR 6.2 
20 YEflR 15. 
10 YEflR 31. 
5 YEflR 64. 
2 YEflR 18E

4 
1 
8 
.0

 B^g_ aqgq In

^^

^
**fc

   <=

30-DflY LOW FLOW 
o 42 NONZERO FLOWS

^"5   

"\_ n
X, a
XT

Ts^

N.
X,
X

)9.599 95 90 80 50 20
PROBflBILITY, IN PERCENT

10 1 .5

STRTION 5051500 RED RIVER OF THE NORTH RT WRHPETON, ND
Magnitude and Probability (Hazen plotting position)

of the flow being equal to or less than the discharge,
for the 5~month period ending Sept. 30

B-25



2000
1000

100

10

0.1
2000

1000

O
o
LJ 
CD

S 100

LJ 
LJ 
L_

O

§ 10 
O

LJ 
C3
cecr:
o
CD

osrjf

FLOW DISCHflRGE
100 YEflR O.C 
50 YEflR O.C 
20 YEftR O.C 
10 YERR O.E 
5 YEftR 10. 
2 YEftR 91.

} 
} 
]

7 
4

LUMJJ, 4ijjj
L
%^  F=

*gh

^ \\ffj

_^

H
~B

UL

FLuw uisunriKLit. 
100 YEftR 0.0
50 YERR O.C 
20 YERR O.C 
10 YERR 3.2

)

5 YERR 19.1 
2 YEftR 110.0

>L^HTai<
^^

*fc ^»%
^ff

-̂=°tl

-|

*L"
*ta

l-ORY LOW FLOW 

a 75 NONZERO FLOWS
7 ZERO VftLUES

t,  
  v-

A

 A
q|\

r
7-DftY LOW FLOW 

D 76 NONZERO FLOWS 
6 ZERO VRLUES

s,
\
\ p

 
n

u .^

2000 
1000

100

10

1

0.1 
n DC;

D D n

=5=^   

FLOW DISCHftRGE 
100 YERR 0.0 
50 YERR 0.0 
20 YERR 0.0 
10 YEftR 5.0 
5 YERR 30.6
2 YC*QD 1 7 A n

***** Tfl*iHl i
4*fe

^ fehfa
^

*»5«

3
D

T_

V

%n

0-DRY LOW FLOW 

77 NONZERO FLOWS 
5 ZERO VflLUES

\

39.5 99 95 90 80 50 20
PROBRBILITY, IN PERCENT

10 1 .5

STRTION 5054000 RED RIVER OF THE NORTH RT FRRGO, NO
Magnitude and Probability (Hazen plotting position)

of the flow being equal to or less tharji the discharge,
for the 5-month period ending $ept. 30

B-26



50

10

50

o 
o
UJ
en 
ct:
OJ
a.

10

LJ 
CD

o 
en

100

10

-^^^_
D k«u.

FLOW DISCHRRGE 
100 YERR 2.9 
50 YERR 3.7 
20 YERR 5.2 
10 YERR 6.8 
5 YERR 9.3 
2 YERR 15.2

^0^c sqn "S
Sq s

sn"b

1-DRY LOW FLOW 
a 37 NONZERO FLOWS

^"b-
"bsj- n
\
X

c
\

a >y

^^^

FLOW DISCHRRGE 
100 YERR 3.8 
50 YERR 4.7 
20 YERR 6.2 
10 YERR 7.9 
5 YERR 10.3 
2 YERR 16.3

^^ a

B«&-
oqa

 Sq
*aBq

W
n

7-DRY LOW FLOW 
n 37 NONZERO FLOWS

n^fv~QSC
^Q"X

     E X^

cT\

"  ^^^^
°^^^

i>^D̂*««

FLOW DISCHRRGE 
100 YERR 4.9 
50 YERR 5.8 
20 YERR 7.6 
10 YERR 9.5 
5 YERR 12.4 
2 YERR 19.7

SD

^J8°«
^^

i **b^^

30-DRY LOW FLOW 
a 37 NONZERO FLOWS

^ ^s
ES"^

c

s^

>V^

39.5 99 95 90 80 50 20
PROBflBILITY, IN PERCENT

10 1 .5

STflTION 5061000 BUFFflLO RIVER NEflR HflWLEY 
Magnitude and Probability (Hazen plotting position) 

of the flow being equal to or less than the discharge, 
for the 5-month period ending Sept. 30

B-27



10

0.1

0

0.01

.005
10

o 
o 
tlJ 
in
oc
LJ
Q_

£D 

O

C£> 
OC
CC

Oin

0.1

0.02
20

10

   ̂B^:
B-v^a

FLOW DISCHRRGE 
100 YERR 0.0 
50 YERR 0.0 
20 YERR 0.0 
10 YERR 0.0 
5 YERR 0.1

Icnr\ u./

**-^^    
   =*^

FLOW DISCH 
100 YERR O.C 
50 YERR O.C 
20 YERR O.C 
10 YERR O.C 
5 YERR 0.2 
2 YERR O.S

3
^0

RRGE

^^

D^KH-^s

&n   
^^i

**%
"X

^D

^aa

3
^9*=

]

 ^s

-^

^v-e^j

\]Di

X

^  +
-^H

l-DRY LOW FLOW 
a 32 NONZERO FLOWS 

4 ZERO VflLUES

^=
\

^F
    B

7-DRY LOW FLOW 
a 32 NONZERO FLOWS 

4 ZERO VRLUES

-A   

=^"~T

0.1

0.01 

D.005

0

B           «=
n   u  
* -.

FLOW DISCHRRGE 
100 YERR 0.0 
50 YERR 0.0 
20 YERR <0.1 
10 YERR 0.2 
5 YERR 0.6 
2 YERR 2.4

    CU3

.         

OTfh-LQCJdrtj|>J
  " Jbyc

pfcl
»S^

j^

30-DRY LOW FLOW 

n 35 NONZERO FLOWS 
1 ZERO VflLUES

v^
J^Q n

^^7 Q

\ n

\
\

c

\
\

9.5 99 95 90 80 50 20 10 5
PROBflBILITY, IN PERCENT

STflTION 5061500 SOUTH BRflNCH BUFFflLO RIVER flT SflBIN 
Magnitude and Probability (Hazen plotting position) 

of the flow being equal to or less thanl the discharge, 
for the 5-month period ending Sept. 30

1 .5

B-28



100

10

0.1
200

100

 "     _ ^^«      o u^flTa

FLOW DISCHRRGE 
100 YERR 0.0 
50 YERR 0.0 
20 YERR 0.5 
10 YERR 1.3 
5 YERR 3.1 
2 YERR 10.9

^^ffriDuEH~-D^l
b^

**ta
9pt

^*tat

1-DRY LOW FLOW 
D 52 NONZERO FLOWS 

1 ZERO VRLUES

OQn
\°

\
v
x
\e   A

-~B-a .

\A  

o o
UJen

10

LJ 
O
ct: 
cc

0.2
500

100

10

n

-^ -^
n b=s^

FLOW DISCHRRGE 
100 YERR 0.0 
50 YERR 0.0 
20 YERR 0.8 
10 YERR 1.8 
5 YERR 4.0 
2 YERR 12.5

W p̂&n^
^
^ 3

^fe   
"^

7-DRY LOW FLOW 
a 52 NONZERO FLOWS 

1 ZERO VRLUES

IP a a
xT L

N
D D >v

,-. X
   u   B \ 

\
\

-a\     

a

-^
      a_ iLuJD

FLOW DISCHRRGE 
100 YERR 0.0 
50 YERR 0.0 
20 YERR 1.8 
10 YERR 3.5 
5 YERR 6.4 
2 YERR 17.4

1*3^

 rt
MiF^ feD

_j4Jjt

JU-UHI LUW t-LUW 

a 52 NONZERO FLOWS 
1 ZERO VRLUES

qQrm 
"*>v^n
^

X.

n\a ^ 

a\

39.599 95 90 80 50 20
PROBRBILITY, IN PERCENT

10 1 .5

STRTION 5062000 BUFFRLO RIVER NERR DILWORTH 
Magnitude and Probability (Hazen plotting position) 

of the flow being equal to or less than the discharge, 
for the 5-month period ending Sept. 30

B-29



100 

10

1

0.5 
c;nn

n

^^,

  ̂

FLOW DISCHRRGE 
100 YERR 1.0 
50 YEflR 1.5 
20 YEflR 2.6 
10 YERR 4.1 

5 YEflR 7.2 
2 YEflR 19.0

^ ^^
'-'OQp

^ ^ b-  
SiJ«Sj,

^^-
^c

1-UHY LOW FLOW 

a 61 NONZERO FLOWS

&T^
a

TX.
^U jjX

Oo
LJ
in

LJ 
Q_

CJ 

DOr> 
o

OJcs
a: or
o 
in

100

10

1
500

100

10

D

~~^1

r

FLOW DISCHRRGE 
100 YEflR 1.2 
50 YERR 1.8 
20 YEflR 3.2 
10 YERR 5.2 
5 YERR 9.0 
2 YERR 23.3

a[^^
*%,

*%
^ ri.

^N

u

>n-

FLOW DISCHRRGE 
100 YERR 1.8 
50 YEflR 2.6 
20 YERR 4.5 
10 YERR 7.3 
5 YERR 12.4 
2 YERR 31.9

t*"*-^
*taik^%<t4

^^

k

i

7-DRY LOW FLOW 
a 61 NONZERO FLOWS

m;v>-IQ"V
n ^^

3 oXD :\^

oS

30-DRY LOW FLOW 
a 61 NONZERO FLOWS

OHO

    B^
r-i

.599 95 90 80 50 ^0

^-  
L ^">^
J n ^

n
s^

\^
° ^X^

10 5 1 .
PROBRBILITY, IN PERCENT

STRTION 5062500 WILD RICE RIVER RT TWIN VflLLEY 
Magnitude and Probability (Hazen plotting position.

of the flow being equal to or less than
for the 5~month penuod ending SeDt. 30

the discharge,

B-30



500

100

10

0.1

0.02
500

D

=~"     i

._

E=^

FLOW OISCHRRGE 
100 YEflR 0.0 
50 YEflR 0.0 
20 YEflR 0.2 
10 YEflR 0.9 
5 YERR 3.8 
2 YEflR 22.9

"~ Si     

   ̂  
*S

1

aetjc

^ Iqpa 3n

1-OflY LOW FLOW 

a 39 NONZERO FLOWS 
1 ZERO VflLUES

\
D\

\
\\

V

A
\

a 
a

a:
UJ
o_

o 
m
CJ

100

10

0.1

=

n

Tr rm

FLOW DISCHflRGE 
100 YERR <0.1 
50 YEflR <0.1 
20 YEflR 0.2 
10 YERR 0.9 

5 YERR 3.9 
2 YEflR 26.4

fc ^  

   

LlQjgtJ
BB^jp

'^

==

*^
v°DQ 3an

__   =

7

a
^m

xTI     

AST-
%

-DRY 

40 N

X.
X

LOW FLOW 

ONZERO FL

\

\
\

- \

ows
^^ MM

u
C3
oz. 
cr

§0.01 
0.005 

1000

100 

10

1 

n i

20 YEflR 0.2 
10 YERR 0.9 

5 YEflR 3.9
2 YFQP TC A

   

     B     

=     -== 

C

FLOW DISCH 
100 YEflR 0.2 
50 YEflR 0.4 
20 YEflR 1.2 
10 YEflR 3.1 

5 YEflR 8.4 
2 YEflR 36.

-~^-»
D c

=IRGE

0

t fces
sI~rjQ

^0

\

\

- \

30-DflY LOW FLOW 
a 40 NONZERO FLOWS

 ^^N

^r-
x

X

X.

X

\
U \

,5 99 95 90 80 50 20
PROBRBILITY, IN PERCENT

10 1 .5

STRTION 5064000 WILD RICE RIVER RT HENDRUM 
Magnitude and Probability (Hazen plotting position) 

of the flow being equal to or less than the discharge, 
for the 5-month period ending Sept. 30

B-31



1000

100

10

2000

§ 1000
o o
UJ 
CO

ce u a.

o 
5 
o

UJ 
C9

100

10
2000

1000

100

      g.
b==     =

PLOH DISCH 
100 YEflR 7.E 
50 YEflR 13. 
20 YEflR 29. 
10 YEflR 55. 
5 YEflR 105 
2 YEflR 272

- -<*.

flRGE
) 
7 
8 
0 
.0

>.o

^g^^i  a^p j   

X
a c

 ^

fsu a *M a a

1-DftY LOW FLOW 

a 22 NONZERO FLOWS

a a^ _

   ̂s

-==

\
n \
\

n\

__ D

^==*.

FLOW DISCHflRGE 
100 YEflR 13.1 
50 YEflR 20.8 
20 YEflR 39.8 
10 YEflR 66.8 

5 YEflR 117.0 
2 YEflR 281.0

^<L ^*<. a a
^*"«x

-J

^-»
U C

N^

a a^X
e-e-
^ I 3 a

X

|

7-DflY LOW FLOW 

a 22 NONZERO PLOWS

1   'x^:  
 Xx

x.
\
\

a \
\

0 \

^^0

FLOW DISCHflRGE 
100 YEflR 26.5 
50 YEflR 38.5 
20 YEflR 65.0 
10 YEflR 99.9 
5 YEflR 161.0 
2 YEflR 352.0

i>v^ °-a-+*^ u
^> 1

^

^
D C

n n^s .J3, n

   I  

30-OftY LOW FLOW 
D 22 NONZERO FLOWS

<a

'x.
>v

"X.
^>

a
w
\
\a X

N

39.5 99 95 90 80 50 20
PROBRBILITY, IN PERCENt

10 1 .5

STRTION 5064500 RED RIVER OF THE NORTH flT HflLSTflD 
Magnitude and Probability (Hazen plotting position) 

of the flow being equal to or less than the discharge, 
for the 5~month period ending Sept. 30

B-32



100

10

0.1

0.01
0.005
1000

N^"V
\

|    U  I 
X.

\

FLOW DISCHRRGE 
100 YERR 0.0 
50 YERR 0.0 
20 YERR 0.0 
10 YERR 0.0 
5 YERR 0.0 
2 YERR 0.0

\

X?

-4
L^

V

"T
  t
-L

i uni LOW FLOW
a 11 NONZERO FLOWS 
29 ZERO VflLUES

CJ 
Q_

o
5
CJ

CJ 
C3a:

7-DRY LOW FLOW 
D 14 NONZERO FLOWS 
26 ZERO VRLUES

FLOW DISCHRRGE 
100 YERR 0.0 
50 YERR 0.0 

YERR 0.0
10 YERR 0.0

3 0.01
0.005
1000

100

10

0.1

0.01
0.005

FLOW DISCHRRGE
100 YERR 0.0
50 YERR 0.0
20 YERR 0.0
10 YERR 0.0
5 YERR 0.0
2 YERR <0.1

30-DRY LOW FLOW 
D 21 NONZERO FLOWS 

19 ZERO VflLUES

9.5 99 95 90 80 50 20 10 1 .5
PROBflBILITY, IN PERCENT

STRTION 5067500 MflRSH RIVER NERR SHELLY 
Magnitude and Probability (Hazen plotting position) 

of the flow being equal to or less than the discharge, 
for the 5-month period ending Sept. 30

B-33



.D
IS
CH
fl
RG
E,
 
IN
 C

UB
IC
 F

EE
T 

PE
R 

SE
CO

ND

tn 1 (J
O jr

-
 

T 0 CD cn
 i 3 O 3

 
c*

 
D

"

-
r
t (D
 

T
 

r
- 

O
 

OL
­

ID ci
­ 

r­ ca C
O -8 c* O
J o

^J jr
 

(D O C cr (D
 

r
- 3
 

C
D CD C

 
Q C o 0 CO

 
(0 r- Q D <"

 

(D O
_ 

C
"

(0 O Q
 

T C
D (D

rz
 

o C
O {-
  c o_ (D O 3
 

Q
-

Proba
bl

{  (-
 

C
c 1C azen r~ 0 c* r- D C
O __ O (0

 
C

"

r-
 

O D

CO  1 3
3

i  
 < 

O  z
. 

tn o O
)

oo 0
 

0 o CO 3
3

2 D 31
 

  
 t

3
3 m 70 3
-

C
D p i 3 t  1

1
)

0
 

C
D

 
3
3

C
D

§ Z
 

 D C
?

 H

en

c 
o

x
CO tn C

O
 

CO C
O tn CO o C
D o en

 
o K

T o t 
  

o
 

tn

n 
'*-* >-

 M
 t

n 
o

 ~
>" 

NJ
 t

n 
o

 o
 o

 o
 c

~

n
 n

 n
 n

 n
 n

3
) 

3
3
 

C
D

 
3

) 
3

) 
3

3
 

3D
 

3D
 

3
3

 
3
J
 

3
J
 

3D
 
t i  
 <

O
 
O

 
O

 
O

 
0

 
0

 
{^

en
  

  
o

 o
 o

 o
 3 3 F

^
^

0
 

0
.-

 
en

 e
n 

»-
 

H-
 

H-
 

a

/ L
J

,?
f /}

J / 1

-

/

/a ^

^ a 
u

i

O
J 

C
3 

M
 

3
3

n
 2

 
^c

3D
 
O

°g
 5

<
 m

 
r:

3
3
 

3D
r~

 o
 

-r
\

m
 ~

n 
o

 
co

 c
~ 

ac
 

o C
O

CV
J

tr
 

o

>-
 r

o 
tn

 o
 -

n 
tn

 o
 o

 o
 o

 c
~ a

 -
<

 -
<

 -
<

 -
<

»
-<

 
3C

n
 n

 n
 n

 n
^D

 
P

D
 

PO
 

3D
 

3
3

 
^~ I-

H

o
 o

 o
 o

 o
 £

3
o

 o
 b

 o
 b

 3
j

3 r

>
r~

^

/"

'r

/ J

' 
j

; ^ i \-

/ / (

/ Q
 

"X
l

en
 »

- 
o

*~
* 

3
3

n
 2

 
zo

 o
 

r~
°
3
 
§

|
§
 
g

n
 ~

n 
ac

co
 r

~ o C
O

>-
 t

vj
 e

n 
o

 ~
n 

cv
j 

en
 o

 o
 o

 o
 c

~
0

n
 n

 n
 n

 n
 n

3
3
 

3
3

 
3

3
 

3
3
 

3
3

 
3
3

o
 o

 o
 o

 o
 o

 £
3

b
 o

 o
 b

 o
 o

 3
J n

 
 

-

  
 

- 

.-
'

fi

x t

i

/i i

/ i

/
/ 

"

7
r I

)

a 
  

G
O

 
C

D
 
o 3

) 
M

 
2
 

»-
<

S
§

 
r-

O
 
M

 
O

^
 m

 
jc

3
3
 
0

 
-n

s
?

i
C

O
 
O

 

C
O



o o
LJcn
a: 
LJ 
a.

LJ 
UJ

O 

CD 

O

ou 

10

2
50

10

2
100

10

c;

\,»=^

FLOW DISCHflRGE 
100 YERR 3.7 
50 YERR 4.1 
20 YERR 5.0 
10 YERR 5.8 
5 YERR 7.1 
2 YERR 10.2

 ^^
0"""- ^c 0

\
^ n**^3

D "b-x.
1">>*>^

0

1-ORY LOW FLOW 
o 16 NONZERO FLOWS

^"^^n-

\

\.^

FLOW OISCHflRGE 
100 YERR 3.9 
50 YERR 4.4 
20 YEflR 5.2 
10 YERR 6.1 
5 YERR 7.5 
2 YERR 11.0

D

>k^c D 

^s> 5**.
c x^__
u"s.

D

^"\^

^^

7-DRY LOW FLOW 
a 16 NONZERO FLOWS

 »^^
D^^s^

"^s.
^^
"^^^

V
X
\
V

^

FLOW OISCHRRGE 
100 YEflR 5.8 
50 YERR 6.2 
20 YERR 6.9 
10 YERR 7.7 
5 YERR 8.9 
2 YERR 12.7

\^ ^S
^

0̂
D C

 ^k,
"^s^

30-ORY LOW FLOW 
a 16 NONZERO FLOWS

tj^,^
cr  *^^q_

*^-^^
^

39.5 99 95 90 80 50 20
PROBflBILin, IN PERCENT

10 1 .5

STRTION 5068500 SRND HILL DITCH RT BELTRRMI 
Magnitude and Probability (Hazen plotting position) 

of the flow being equal to or less than the discharge, 
for the 5-month period ending Sept. 30

B-35



:>u 

10

2
50

o 
a
CJ 
LJ
en
QC. 
LJ
a. 
( 
LJ 
LJ

« ">
CD 

0

z

 * 
LJ

ce
or
0en 
a 

2 
100

10

ig

a

X^

FLOW OISCHflRGE 
100 YEflR 3.3 
50 YEflR 3.7 
20 YEflR 4.4 
10 YEflR 5.2 
5 YEflR 6.5 
2 YEflR 9.8

"X
an

" b.s,^
&BOQ

^nn

1-OflY LOW FLOW 

a 41 NONZERO FLOWS

*Sh

a
"\^

^

^

FLOW OISCHflRGE 
100 YEflR 4.2 
50 YEflR 4.6 
20 YEflR 5.3 
10 YEflR 6.1 
5 YEflR 7.3 
2 YEflR 10.8

^N 
ac atrsq

^
^ =8* 4lan

» ^^-^

3 7"^

7-OflY LOW FLOW 

a 41 NONZERO FLOWS

B      
^cK^

\ °
X^ c

^ a

xs
t

FLOW OISCHflRGE 
100 YEflR 5.6 
50 YEflR 6.0 
20 YEflR 6.8 
10 YEflR 7.7 
5 YEflR 9.2 
2 YEflR 13.4

^Sx
c aas..

^9
%"^

^

L

"*>^

5 99 95 90 80 50

3"^,  ^^
a ^^^

30-OflY LOW FLOW 

a 41 NONZERO FLOWS

E
^ »*^
Pfftr

20

:?^>.u ^I ^^.
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