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CONVERSION FACTORS AND ABBREVIATIONS

Readers who prefer to use metric (International System) units rather than
1nCh-pound units can make conversions using the rollowing tactors:

Multaply Inch-Pouna Unat by To_Obtain Metric Unit
toot (tt) 0.3048 ueter (m)
cubic toot per second (tt3/s) 0.02832 cubic meter per second (m3s)
gallon per minute (gal/mwin) 0.0630 iiter per secona (L/s)
mile (m1) 1.609 kilometer (km)
square wile (wi?) 2.59 square kilometer (Km2)

EXPLANATION OF TERMS

Tne technical terms used 1n this report, including units of mwmeasurement
and hydrologic and statistical terms, are explained in the tollowing
paragraphs. A more complete list of aefinitions is given by Langbein ana Iseri
{1960); some of the following are taken wholly or partiaily trom that report.
Jthers were taken or wmodified trom Linaskov (1977).

- -

of the following year. The climatic year 1s used to ensure that a
late summer low-flow period lies entireiy in one year rather than peing
broken up into two nonrepresentative parts.

A i e e o S e S i e o s o s

reflerring to extremes in streamflow. Frequency of flow is an average of
the number of 1lows tnat will at least equal in severity a given value tor
a certain time periodad. Conversely, recurrence interval is the average
time, iu years, between such 1rlows., The year a darought or flood of a given
wagnitude Will occur cannot be predicted, but the probable number of such
events during a reasonably long periou of time may be estimated.

For example, a low-flow aischarge ot 3 ft3/s having a recurrence
interval ot 5 years indicates that a discnarge lower than 3 ft3/s w1il
occur as an annual minimum at intervals averaging 5 years. Pnrases such
as "10-year discharge®™ are commonly used 1n discussing extremes having the
ingicated recurrence interval, 1in years., Similar terminology is used in
tnis report. For example, "7-day 10-year low llow" refers to the lowest
mean aischarge for 7 consecutive days havang a recurrence interval orf 10
years.



Low-tlow-probability curve--is a graph showing the magnitude ana probabilaty of
minimum tlows for a given perioa. The probability 1s of' a discharge being
less than that shown by the magnitude scale,

U.S. Geological Survey reports deallng with surtace-water data. The
water year 1is dgesignatea by the calendal year in which 1t enas, Tnus, the
year enaing Septeuber 30, 1983, is caileu the 1983 water year.

vi



LOW-FLOW-FREQUENCY CHARACTERISTICS FOR CONTINUOUS-HRECURD

STREAMFLOW STATIONS IN MINNESOTA

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

ABSTRACT

Annual and sunwer (May 1 - September 30) low-tlow~lrequency curves are
presentea for 175 continuous-record streamtlow stations in Minnesota. The 1-,
7-, ana 30-day low-tlow discharges at selected recurrence intervals obtained
from these curves are listea. The curves were developea for all stations with
10 or more years of continuous record.

INTRODUCTION
Background

Eacn year more and more demand is placed on Minnesota's surtace-water
natural resources. Information apout low-1low characteristics of rivers and
streams 1s needed for water-supply planning for municipalities, lndustries,
irrigation, and water dilution

Low~-1low characteristics can be defined for continuous-record streamflow
stations using low-tlow probability curves derived from annual winimum tlows,
and can be estimatea for partial-record stations, where little or no daischarge
information is available, using a correlation method between a partial-recora
and a continuous-record streamflow station. (Riggs, 1972)

Rigg's method establishes a relation between a partial-record station ana
a index station, a continuous-record streamflow station that has similar basin
characteristics and that 1s located near the partial-recorda station. The
relation is based on the correlation of low-tlow discharge measurements at the
partial-record station and concurrent daily tlows at the 1index station. Low-
rlow chnaracteristics can be estimated for the partial-record station by using
the 1naex station low-tflow frequency characteristics and the established
relation.

Linaskov (1977) compiled low-tlow frequency characteristics for 161
continuous~record streamIlow stations in Minnesota naving eight or more years
of record tarough the 1975 water year. Warne (1978) used Riggs' metnod ana
Lindskov's low-tlow frequency aqeterminatlons tO estimate the seven-day, two-
Year and the seven-day, ten-year low-tlow discunarges at about 300 partial-
record stations in Minnesota.
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Purpose_and Scope

The purpose of this report is to help define the surface-water-yiela
characteristics of Minnesota streams by summarizing low-1low frequency
charactertistics tor continuous-record streaFrlow stations in Minnesota.

|

Low~-tlow frequency characteristics #ere determined for 175 continuous-
record streaumtlow stations located in ana adjacent to Minnesota wnich has ten
or more years of record tarough the 1983 water year. Low-tlow probability
curves were also generated and are presente? in the appendices.

This report supersedes a similar report by Linaskov (1977). Witn the
aaaition of eight years of recora, 1ow-1low frequency characteristics were
updated tor many of the continuous-record streamflow stations ana new stations
were aaded to the compilation.

LOW-FLOW CHARACTERISTICS

The source of daily tlow information for 228 discontinued and current
continuous-recora streamflow stations was the Water-Data Storage and Retrieval
System (WATSTORE; Hutchison, 1975), which is maintained by the U.S Geological
Survey. All available streamflow records rrom 1892 through the 1983 water year
were consiaered in the analyses. |

Low r1low 1is det'inea as the lowest avlrage r'low for some consecutive-day
perioa. The 1-, 7-, and 30-acay low=~Ilow séries were computed from the recora
of each station for each climatic and seas¢nal perioa. Frequency characteris-
tics for the claimatic year (April - March) and seasonal (May - September) data
were determined using a Log-Pearson type II1 frequency distribution computer
program available in WATSTORE. Frequency curves were preparea ror this report
only ror stations having 10 or more years of cantinuous record. Another methoad
of' defining frequency characteristics is eferable for the 53 stations witn
less than 10 years of record (Riggs, 1972). Results for the remaining 175
stations, shown in figure 1, ar? presented 1n this reporet,

|

Table 1 contains a description of each station in downstream oraer

accoraing to the U.S. Geological Survey's|station-iacentitication-numbering

system. The station name, latitude, léngicuae, nyarologic-unit number,

drainage area, perioa of record, ana number ol water years with complete recora
(i.e., no missing days) also are 1ncludea in table 1.

The annual and seasonal low-1low-frequency curves for 17% stations listea
in table 1 are plottea in the appenadices. Tnese are Log Pearson type Ill
frequency curves 1ritted to the station dat Tne positions of the data points
were computed by the Hazen formula
, Py = (M-o.sk/u
where Py 1S the plotting position tor the Mtn point, M 1s order number when the
‘data are sorted trom the lowest to nigneﬁt, ana N is the number of years or
record.
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Low-tlow characteristics taken from these frequency curves are listed with
the plottea graphs. These characteristics are describea 1n terms of recurrence
interval instead of probability as shown on the plot. HKecurrence interval, in
years, is the reciprocal of probability when the frequency curve 1s based on
only one data i1tem per year. Thus the 20-year recurrence linterval corresponds
to a probability ot 0.05 (5 percent). If a low-flow discharge at a given
recurrence lnterval was determined to be zero, 1t 18 listed as 0.0, ana if the
low tlow 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 witnh insutticient data tfor graphical
presentation are listed 1in table 2,

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

SUMMARY

Annual and seasonal iow-flow characteristics were determaned for 175
streamIlow stations 1n Minnesota having at least 10 years of continuous recora
by fitting a Log-~Pearson Type III dastribution to the cata. Tables and graphs
summarize each analysis. Tnese aata supersede those presented in earlier

reports.

Low-1low characteristics can and wi1ll vary for a station aepending upon
the number of years of record ana the period gaged. When comparing low-tlow
characteristics between two or more stations, At should be remembered that no
provisions were made to use concurrent periods of recora for stations along the

Same stream.
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INDEX OF STREAMFLOW STATIONS, AMNUAL- AND SEASONAL-PROBABILITY PLOTS

Annual Seasonal

Armstrong Creek Near Ely..eiceeesicceessssooassssssssssconnaes A-64 B-70
Baptism River near Beaver Bay..ccceecececeescsrsossssecscssccsacoccces 4 4
Basswood River near WinloON...ceeesecsecsasssssesasassessssancs 68 T4
bear Island River near Ely.cceceeereccececescdacccccancaconnnse 61 67
Big Fork Riaver at Big FallS....cceescvcccasaasocsasscssnanassns 75 81
Blue Earth River near RaPidaMN....eeeceeececscdeceeccseaancanna 127 134
Bois de Sioux River near Fairmount, ND.....ceceeccaconcacncnss - 24
Bois de Sioux River near White ROCK, SDiiicicenecceasncenacanns 21 23
Butfalo River near Dllworth...ccccceecacscacadasssasacacasnses 26 29
Buffalo River Dear Hawley....ceeecececssesceadasasacaacannnnns 24 27
BuLldOZ RUD NEAT WArFOAG. «eeeeeaeesasasecncaadonseaasssannnanns - -

BUrgo Creek NEar ElY.u.eieeereseesseacesesssesioscscncsasnnonss 66 72
Burntsige River near ElV....ciceieieiieecncccdoceiiceceananens 63 69
Cannon Raver at Welcn........................f................ 146 153
Cedar River nNear AUSCTIiN.....ecesecscaccccccccbonscssccsaccansas 162 169
Chippewa River near Mllan....................f................ 115 122
Chippewa Rlver near WalSON....cceveoscsecsacsetosassoncsansssns 116 123
Clearwater River a8t PlUMMer....c.ccoeveecescefoccccacarsnnnsns 40 43
Ciearwater River at Rea Lake Falls...........}................ 42 45
Clearwater Rlver near LeOnard....ccececesscscsstsoscscscscnssvasns 38 41
Cottonwooa River near New UlDi.i..oeicecccacaaeporscaccsacnnascanas 122 129
Crow River at ROCKIOIG.e.ceseeosssrsosasocassnshosansasacancenns 104 110
Crow Wing River at NiMIrOd....eeeceeecscscssaansacnscacacccnonoa 91 97
Crow Wing River at Plllageleiccecescecccssacsrhosasacassanansns 93 99
Crow Wing River near Pillager................%................ 95 101
Dark River near CDiShOlll...cecereercecececnapececncccnnnnanns 73 79
Des Moines River at Estherville, IA...ciceesalbocascscseaccanca 164 171
Des Moines RIVEr AL JACKSOMe«eeessosenennnonenonasnnnnsnnnnnns 163 170
Dunka River near Babbitl....cceeeeescscceccasfssasccacacacanans 60 66
East Branch Biue Earth River near BricelyN.i..liceccaveccacacane 125 132
East Brancn Warrcad RiVer Near Warroa......ecceeceseecscscsess 79 85
East Swan River near ToivVOla...c.ecccecsccascscsoscsancccacsnsns 13 13
East TWwo Rivers near Iron JUNCLlON...cecceecscccssosscssssancss 10 10
ElK River near Blg LaKe....iceeeeeccecsrssccascssascassascnnns 98 104
Embarrass River at ENDArrasSS...ccccecccescccesscacacasssssansa 8 8
Giimore CreeK @t WlNONa...ccseeeeecsscsascasrsaasesasscncsancns 155 162
Glaisby Brook near Kettle RiVel...iiceccesascscescccsacasanscs 136 143
Gull River at Gull Lake Dam near Brallerd.....cccescceccccasacs 94 100
High 1sland Creek near HeNdersSOl....cseceescosscoscsososcacsces 130 137
Isabella River near Isabella....ceeeeceececesocnccnooacecanans 57 63
Jackson County Ditch #11 near Lakefi€lO.....eveceveesasasscacns - 174
Kawishiwl Rlver Near Ely...ciiececececscessasascccoasancnnnnns 56 62

Kawisniwl Raver near WlNlOM...eeveeecscscacasoscscsssaassnnasasn 62 68
Kettle River DElow SaNASLOME....eeeeeacecssnacascsaasasanassns 137 144
Lac qui Parle River near Lac QUl Pall€..ccvecsccscsceasananans 113 120
Le Sueur River near RaApPlOAN.....eccesecsesscnscsesssssassnasss 128 135
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INDEX OF STREAMFLOW STATIONS, ANNUAL- AND SEASONAL-PROBABILITY PLOTS--Continued

_bage

-———

Annual Seasonal

LeeCh Lake Rivel' at Fedel"al Dam.......................-....... A‘-81

Little Cottonwood River near Courtland.....ccecoeecacacoscscnscs 123
Little Fork River at LittlefOrK...cceeeceasascssccacceoscasanns T4
Little Minnesota River near Peever, SDi.iccicesecscscosssncansnns 107
Little Sioux River near Lakefi€lG....cceeececcccoscacacsoacses -
Long Prairie River at Long Prairi€......ccceevceccceacsccacces 92
Longstorff Creek Near Ely...ccceecececaccacssacssncsosancasanscas 65
LOSt River At OKlE . .iueesesessassssssssnsssssssassssssssesnsna 41
Marsh River near Shelly.cccecececccsacscacsessascasansscncnsasans 30
Middle Fork Crow River near SpiCel....ciccecscccaceasscscscssas 101
Midale River At ArgYle....ecceteevsecccccssacccccsssoananasnasas 45
Minnehaha Creek at Minnetonka Mi1llS...cceececccccencsasacancas -
Minnesota River at JUQSON...cecesccsseasscasecscanscscancsasans 124
Minnesota River at ManKatO..ceeeeescaseseaccosaccscansocnannns 129
Minnesota Hiver at MONLEVidEO...ccieeeanancacerscancasncaconce 117
Minnesota River at Ortonvillle. . .ceceescaeassscsccnsasoeasancass 109
Minnesota River near Jordal....ccceeceeecsescsssccccassscasanas 131
Minnesota River near Lac QUL Parle....ccecececscccaccccancasans 114
Minnesota River near 0desSS8....cceeescccessaccsncsascaasaacasas 110
Mississippi River at Aitkin.....cceieieaccnreressanccacanncenns 88
Mississippi River at ElK RlVeI...c.ceeeccccccaescsnscanccancsan 99
Mississippi Kiver at Grand RApidS...ecceeccececvssaccscaccsccna 82
Mississippi River at La Crosse, Wl..i..ieeeeranarancssccocanana 156
Mississippi River at Prescott, Wl....iieieecienncrenncocaanans 143
MississSippi River at St. PalUl.icicccececcccasosccnnescsccacssacsas 133
Mississippi River at Winnibigoshish Dal.....ceceeevececananans 80
Miss183ippl River at WinON&a....iceceeertcansecscsssssassnnsenes 154
Mississippi River below Sanay River near Libby...c.ceececacaes 87
MississSippl River near ANOK&.....sceccescescssaccssssncsanssane 106
Mississippi River near ROyalfoON..c.cececescsaassconcancansanne 96
Mustinka Ditch above West Branch Mustinka River near

CharlesvVille. . u.eeeesarsacancsascasessascacnosssaassancananne -
Mustinka Ditch below West Brancn Mustinka Kiver near

Charlesville. . iieeeesccesseasasasassosancccasvsanssasconnancsa -
Mustinka River above WheatoN....veeecsossscoscacsscccassnsances 20
Namakan River at outlet of Lac la Croix, Ontairo, Canada...... 69
Nine Mile Creek at BlOODMINELON..eceeaaseacessacecccsansacsansa 132
Nortn Branch Two Rivers near LancCaster.....scccccevsccancaasca -
North Fork Crow River near Regal.....ceeesssscccccasscaacncces 100
North Fork Whitewater hiver near Elb3.....ceesccscccarscsnncana 150
Otter Tail River at German Church near Fergus FallS.....ccce.s 16
Otter Tail River below Orwell Dam Near Fergus Falls........... 19
Otter Tail Raver near Detroil LaKeS....eecceersescsescccccsacans 15
Partridge R1VEr NEAr AUPOPr@....ccccecececsscassasasccsassoncas 6
Pelican River near Detrolt LAKES....eceseeeecsasacccosascansan 17
Pelican River near Fergus FallS...iciciececcscsccssssscsasanns 18
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INDEX OF STREAMFLOW STATIONS, ANNUAL- AND SEASONAL-PROBABILITY PLOTS--Continued

Pigeon River at Miqale Falls near Grand Portage......ccesesese
Pike River near EmbDarrasS...ec.cceesssscvscsassesssvosassasssces
Pine Creek near Pine CreeK.....eceeeeecasssnsloasacsscsssssasns
Pine Raver at Cross Lake Dam, at Cross Lake....eeeececssocases
Poume Qe Terre River at AppletOn.......eceveelosvecccsssssancas
Poplar River a4t LULSEN...ceevosvosroavssvasssinsssssssansscssse
Prairie River near TaCONIitE€...icsieveeccccascslassncsssscanssnna
Rabblt River near CroSbhY.....cessececcscscsnsosssscsonsnosnnses
Rainy River at Manitou RapidS....cececscescesocacssasssossssnasne
Rapid River near Baudetle......cevecsoecsscvoossssssnssasnssnes
Lake River _at CroOKSLON..cicetsesessnsesnrsocsacsascssansnsss
Lake River at High Landing near GOOQridg€...sccceceescscns
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Redwood River near MarsNall...csveececsscscsssssosssssscassnase
Redwood River near KRedwood FallS.eevioeeescvsscscccacsssscnascs
Rock Raver at Rock Rapids, IA.....ceeeeerccrnoscnccsncncvoannasn
Root River below South Fork near HoustoN....eeeeesscsscsncnsnse
Root River near HOUSLON....eeeososesossosssscccsnsssosaseancsss
Root Rlver near LanesSboroO.....ciceeesesccscsscsrscsnscsosacsocs
Roseau River 3t ROSSiececccococccescssesecsoposccscasosssocacoce
Roseau River below South Fork near Malung...
Roseau River below State Ditcn 51 near CaribDU.cecsvecesccsese
Ruffy Brook near GONVICK...ecicessesascasosscsososcscnsscssacscs
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Rush Creek near RusShfoOPd....ccvecesesccssnnsjonssscsssasossssnns
Sand Hill Ditch at Beltrall..icceeaserssonsscscnsosossscsssoscscs
Sand Hill River at Beltraml...veeeesccsccesocnscocscssacsonses
Sand Hi1ll River at CliMaX..sesoceecessosssescssssssnssascsssccsns
Sandy River at Sandy Lake Dam, at LlbbY.eeeeescosecscaccescens

Sauk River near St.
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Second Creek NEAr AUPOra...cscssososssssssssosssssstscnsssansos
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IMDEX OF STREAMFLOW STATIONS, ANNUAL- AND SEASONAL-PROBABILITY PLOTS--Continued

Annual Seasonal

South Fork Root River near HOUSLON...ieeeereorosecocacsososone 160
South Fork Roseau River near MalulNg.....ccceeececencccccscnsons 50
South Fork Whitewater River near AltUra.....c.eeccesvesccscanna 151
South Fork Zumbro River near ROCHEStEr....cceocceccscsocsscces 147
South Kawl1shiwl River near Ely....cceeeessccesosscosessonsaoss A-58
Sprague Creek near Sprague, Manitoba, Canada......cceceoeeccee 52
St. Croix River at St. Croix Falls, WIl...ceieenvencocnnsssnncas 142
St. Croix River near Danbury, WI....cccceecciesccccacacacnnnanse 134
St. Croix River near Grantsburg, WIl.......ceeeeeeesessesoosoonns 135
St. Croix River near RUSHD CitlY.eeeesseecessocessscsssnsscnasscns 139
St. Louls River at ForbDeS..eeeseeeessacacessssssossssnansnnsas 9
St. Louls River at SCANlON...ceceocescasacssscasssssssoncsssas 14
St. LOULS RIVEr NEAIr AUrOr@...ccecrevsccscacssscsoooscosnsscscns T
State Ditch #85 near LanCasSlel...ccecrcecescacesncssasscsocnoes -
Stony River near 1Sabella@....eeccescccssssssseasssssnssssasnsss 59
Straight River near FaribauUlt..cceceeeceresscssccssoasscsoanca 145
Straight Valley Creek near ROLlINESLONE..iceescsnsovsssvcsscns 153
Sturgeon River near ChisShOlmM.....ceeveasscencssosnscnnncosnnna 712
Sunrise River nNear LindStrOM....cecececscscsccsccsccssasoasass 141
SUNPrise RLVEr NEAD SLACY.ueeseescosccsocesosnssocscsssasonsnss 140
Swan River Dear CalUlel....ceoveceecccsvoccsorssncconssconncssse 84
Swan River near Warba...scecesessssssssssassosssssssoncnssssnnse 85
Thief River near Thiel River FallS.iieceeesscesanseccnnnnsaasss 36
Two Rivers below HallOCK....eeeeeeasreacsosnscensscaosesccsasnos 48
Veruwilion River below Vermilion Lake near TOWel.....ccceececss 71
Vermillion River Near ElPiIr€...c.ceccececccesccsscsssccocsscses 144
Warroad River Dear Warroad..eeeceeecscseessasscscsssscscsnscssenes 78
Watonwan River near Garden Cily.eeeesieceesesesessssassnanoncnse 126
West Branch Mustinka River below Mustinka Ditch near
CharleSVille,coeaeesacersesssnnosossscssnsssosacssssncsssanssosae -

West Swan River near SilicCA.cccecssersccasocssescsosssssascscsse 12
West Two Rivers near Iron JUNCLlON....ccsecccscnssccncsensasss 11
Whetstone River near Big Stone Cit¥, SD.icvieeeercveseancancane 108
Whitewater River @t BeavVer....cieceeeaseccoossocossrscsccsscscsns 152
Wila Rice River at HeENAruUl.....eeeeeeasvoccosssocccasocscncsss 28
Wild Rice River at TWin Valley..cseoesoceesnovscsessosnsasaocnne 27
Yellow Bank River nNear OQ0€SS&....cvcveacarsrssosssenvscccssosesss 111
Yellow Medicine River near Granite FallS....ececeeescccracsccan 119
Zumbro River at ThellmaN...veesseoceersosvccssssosoccsorsoesenoess 149
Zumbro River at zZumbro FallS..eeeeeceeesecscssavevsssosocscnsons 148
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