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A Boy River at Longville 160 27 Lake, Minn. . & ?aags-'g: $ s | e o S o pgat o A [ \ Mississippi River below "\ | \
: ‘ i - e s v - N Sandy River near Libby, ~ |
B Boy River near Remer 310 - 47 400 Drainagearea___________ sq. miles__ 562 A 3 o ) i a L. ol v 13RO g 20 N Minn. Water years
. i Years of record (water year)______ 1887-1964 Lis e \Li ol - | d = 1931-64
C | Little Pine River near Cross Lake 195 15 1,500 Mol disehege... - s 2250 oo =it Ve ¢ ! ¥ £ 100 A
D Little Willow River near Aitkin 90 900 Minimum daily discharge __________ no flow e i e F’ . & Emaial = \\ ~
E Mississippi Ri idii Average discharge, unadiusted__-_gfs__ 205 ) ), e @ S
fSsts!ppf !ver near Bemidii 400 39 3,500 Runoff, average annual _________ in__ 495 _ : 5-2275.—Mississippi River at Aitkin, Minn. h L T BN, ; 1 / [T
I Mississippi River at Itasca State Park 80 A T T sq miles 6140 | o “ . w \\ Swan River near Warba, Min}\
G North Turle River near Pennington 70 2 550 Lake i ¥§3.4 Years of record (water year) _________ 1945-64 , 4\ 2 | Y 362 = = . = . Water years 1954-64 ™
. ; o Maximum discharge__ __________ cfs__ 20,000 At — - — e
H Pine River near Jenkins 285 59 1,400 : Minimum discharge & 151 *—46°30' 7] \
e 1 .ACA AR 1OEO. 4R e, L o S 0 L TR O ) T g nniant dlottdlgt - - - - - = - e (=]
I Prairie River near Nashwauk 220 37 2,000 Base from U.S. Geological Survey 1:250,000, 1958: Average discharge_ _____________ ofs._ 2132 { == = 10
Bemidji, Minn.; Brainerd, Minn.; Hibbing, Minn.; ak /) Runoff, average annual in 6.04 O et
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1 ARE WITHIN THIS WATERSHED AT ers” T L
FIVE OF THE SIX MISSISSIPPI RIVER HEADWATERS RESERVOIRS AR P . LD 0 01 051 5 10 20 3040506070 80 90 95 98 99 999 9999
The headwaters reservoirs weve constructed by the Corps of Engineers change in storage. These reservoirs consist of natural lakes and under Pogeoe PERCENT OF TIME INDICATED DISCHARGE WAS EQUALED OR EXCEEDED
to store high spring runoff for later release during periods of low flow normal operation the surface areas and consequent evaporation losses = Y oft
to improve navigation on the Mississippi River between St. Paul, Minn., have not been greatly altered by the outlet dams. Using the adjusted L. ‘ s SCALE 1:250 000 THE EFFECT OF STORAGE IN LAKES, SWAMPS, AND
and Lake Pepin. Subsequent canalization of the Mississippi River outflow and the lake and outlet conditions prior to control dam instal- = 5 o 5 6 - G GLACIAL DEPOSITS IS SHOWN BY THE FLAT SLOPE OF
below Minneapolis, Minn., has changed the emphasis on reservoir use lation as a mathematical model, the natural discharge was obtained . = R R. 28 W. T ——— ——— = — ; 2. 2.5 M THE FLOW DURATION CURVES FOR THE MISSISSIPPI AND
from navigation improvement to flood control and water utilization. for Winnibigoshish, Leech, and Cross Lake drainage areas. The o SWAN ‘RI.VERS
The requirements for use of the reservoirs for flood control are not natural outflow was furnished by the Corps of Engineers, U.S. Army. - : 5 o . 16 i - T —— The continuing flat slope at the lower end of the Mississippi River
always compatible with the stable conditions required for fish and wild- Computations were not furnished for Pokegama Lake and Sandy Lake. . [ ———— F I ————i 5 curves is caused by release of headwaters reservoir storage, whereas
life habitat, recreation, and general use by lakeshore property owners. Low and high flow frequency and flow duration curves shown below — _ CONTOUR INTERVAL 50 FEET waste water from the iron-mining industry flattens the lower end of
The daily discharge from Winnibigoshish Lake, Leech Lake, and Pine were developed from the computed natural outflow to show the natural b 5-2415.—Rabbit River near Crosby, Minn. DATUM IS MEAN SEA LEVEL the Swan River curve. Although there is some regulation of the Rabbit
River reservoirs for water years 1930-61 was adjusted for reservoir regimen of runoff in the headwaters lake region L hw Drainage area__________ __ sq. miles__ 8.38 River flow by Clinker Lake and pumpage from iron mining, the dura-
Years of record (water year)__________ 1945-63 tion curve is typical for streams of a small drainage area
Reservoir- Year storage Normal summer | Storage capacity* within Number of lakes in Minnesota Department of Maximum discharge __ __________ cfs__ 94
(River) began operating range ranges of operation reservoir system? Conservation Classification? Minimum discharge_________________ no flow
(calendar year)!| (gage height in feet) (acre-feet)! Average discharge______________ dfs.. 578
Runoff, average annual __________ in.._ 937
Maximum Under normal | At maximum
allowable Normal | operating operating Chemical Fish
stages Stage THE AVERAGE FLOW DIAGRAM SHOWS THE THEORETICAL MAXIMUM QUANTITY OF WATER IN THE STREAM THAT COULD BE DEVELOPED FOR A WATER SUPPLY
P p— Natural streamflow is variable and provision for a five headwaters reservoirs. The large ground-water the iron-mining industry is discharged into the THE SELECTED LARGE LAKES, SMALL LAKES, AND MANY STREAMS IN THE WATERSHED ARE AN IMPORTANT
Winnibigoshish — — S | 16 30 P pike, panfish, some constant supply requires storage of high flow. Water reservoirs, surface-water reservoirs, and many lakes Mississippi, Prairie, Swan and Rabbit Rivers. ALL-SEASON RECREATIONAL RESOURCE
(Mississippi) : i ' e s muskellunge losses in transmission and lack of suitable reservoir and swamps, have some effect in reducing peak flows Medium and high flows diverted from the Mississippi e .Zet“}’le s "ff i gt o i T o e “Se}s et e
. sy g s : d - - e . 5 ribution and provide for hunting, fishing, water sports, a water, it 1s potentially a valuable source for water supply.
sites prevent ytt{zzth'n li?f the a/v;'rage strgl;zmﬂo_'w. and increasing low flows. Ei{aporat.wn lo.?s, laic_k of River into the Aztkm diversion channel reduce flood geienol viseation dmgs. Joe Meking.ss o, wiader minter Gt The natural lakes forming the headwaters veservoirs are listed
Leech Lake Walleyes, northern Elow of the Mississippt River and some tributaries storage capaczi;y, and economic consz.demtwns imat stages above Pm_ze K_noll. FExtreme floods are not and has extended the recreational use of lakes to the winter in the reservoir table
(Leech Lake) 1884 18-2.2 689,780 | 356,570 8 14 P S ﬁ#ﬁ&ﬁﬁﬁﬂé’é some in the watershed are regulated by power plants and the use of the five headwaters reservoirs. Water from affected by the diversion D
: Surface | Length of epth, in feet " )
. Name of lake i i Composition of Type of Fish and game
area | shoreline Maximurm | Median or Outlet control lake bottom shoreline classification
Pokegama Lake 1 Walleyes, northern (acres) | (miles) -
ol - 8 10 8 Hardwater lake : A e e o] 5
(Mississippi) 1 75285 ke Wilke pike, pantish. oL Mississippi River at Winnibigoshish Dam near = Leeclh Lalke ‘iiverlat Il-'ederll Dar{'l Minln i Piml Riverlat C'rosg LakL Dalm at| Crossl Lak I Mi I
— Deer River, Minn. o Tl a N . I 2 LUl Ball Club | 3,940 15 85 37 Natural About half sand | postly sand, some | Good northern
HIGH FLOW HIGH FLOW HIGH FLOW Rl ikt ik muck pike, some wall-
& - Hardwater lake, Walleyes, northern g 3000 2 3000 2 3000 = eyes
andy River 1893 8.75-9.25 73,330 37.550 5 7 bordering soft pike, crappie, S 2000 —r § 2000 § 2000 =
(Sandy) ' water. panfish. & L ——— T & & ==
A =y | 2 x 108y L — 1" " I B, Natural, power dam
£ 1000 155 ¢% £ 1000 B S 1000 e I o s S I Bemidji | 6,760 | 14 80 29 6 miles below AlatL lalf sand | MWy Sard, Same Game fish
5 wm = %-—7 % P = /;/ ///.,’-—- causes some and half clay rubble
a— Northern pike & 500 B 500 Q—ﬁ“‘% ST ' w500 regulation
PiviciRiver . , 3 Z <.> == Example. —The average flow for = L | —
(Pine) 1886 12.75-13.25 118,710 53,280 12 13 Hardwater lake 3«1“42& some = 300 & 8 3008 C 90 consecutive days will be- 2 3003~
y 3 20 3 200 800 cfs at average intervals of- 3 200 // Mostly muck, Mostly muck and
! Data obtained from the Corps.of Engineers, U.S. Army. = = 15 years = Boy 3,140 21 45 about Natural some sand and bog, some sand Game fish
Data obtained from Minnesota Department of Conservation. g 100 |<..DJ 100 w100 12 clay
* Does not include ‘“‘dead” storage-storage below minimum allowable stage. E E %:
S 50 S 5 &
3 Water years 1931-61. Frequency 2 Water years 1931-61. Frequency g ¥ Water years 1931-61. Frequency Cass Steep sand and
: L of maximum average flows for S 3 of maximum average flows for = @ ] of maximum average flows for (main body) | 15,710 39 120 25 Dam Sand and clay b:ulders Game fish
2 various\ peri|odsl of cr’)nsec‘utive 20 various'peri|ods Lof consecTtive 20 various periods of consecutive
5000 (R R T, T T I oy oL 5000 5000 T I days days days )
Mississippi River at Winnibigoshish Dam near ol L T L T ] S ] o | - 10 L 10 [ | Cass Steep sand and | Waterfowl, fur ani-
™ | B, Mo LeachiEaks fiuee at Fedetal Dam, Mins, Fin e Gruss Lok D ot G Lok, i 11 1315 2 253 45 7 10 152 3040 11 1315 2 253 4 5 7 10 1520 3040 V11315 2 253 45 7 10 520 30 (Pike Bay) | 4640 | 10 A8 2 boulders mals, game fish
2000 N 2000 2000 g RECURRENCE INTERVAL, IN YEARS RECURRENCE INTERVAL, IN YEARS RECURRENCE INTERVAL, IN YEARS
\ N Deer 4,160 121 Dam Masty safid, Sote Walleye lake
1000 g 1000 <~ 1000 N muck
Water years 1941-61 N
o 500 N 2 500 = o 500 \\ s Mississippi River at Winnibigoshish Dam near 1000 T o e o e 1000 . [ R T e e ltasca 1,180 14 40 14 Natural ssaorl"tqénégg(él Game fish
(= \B\\ = ~ = % Deer River Mi Leech Lake River at Federal Dam, Minn. Pine River at Cross Lake Dam at Cross Lake, Minn.
S Water years 1931-61/N_T\ S Water years 1931-6 DA Water years 1941-61 S Water years 1941-61 500 =~ eer River, Minn. | S
7 N 7} s o \\ LOW FLOW 500 | == 500 T Dam on diversion
& 200 \\ ﬁ 200 \\ N N e 200 N\ o 300 %\ L = 300 \% LOW Fl Ow = 300 Low FLOW Pe"can 6 810 23 102 22 Channel to MUCk, sand and Wa."eyes, nOl'thern
& \ N = \\é ~L Py Water years 1931-61 AN § - - § 4 i £ = I ; Ossawinamakee e Sand pike. bass, pantish
= 100 % & 100 % i 100 ~ = \Q\ = NN e ~_ Climatic years 1931-61. Fre- Lake
e \‘a ] ® %, e N o e o N = uency of minimum average
\& o o 50 & 100 NN £ 100 = 100 iy Sl vemge |,
2 % s 2 X % e a \%\ a \ a \ flows for various periods of Waterfowl nesting
3 3 & 3 e \ & MNAN 5 N consecutive days Big Rice 2830 10 3 2 D Muck and sandy and resting area,
< = G = N\ w90 N & 50 N & 50 4 ! il muck Migrsh fish spawningarea
= 20 = = 2 = 20 h © .\\ © N \ \ - -
i 2 L ‘w 5 wi AR &= 0 N = 30 2 P muskrat
S 2., =) D & & 2 2% \ S 2 2 | Example.—The average flows for \ = N N\ \
S 5 = W > £ W0 s 5 % = 30 consecutive days will be 20 ol N p T
S = 3 3 > = \ = cfs at average intervals of 7 % = N \ &, Swan 2,330 18 65 Natural over'sano Sand Walleyes, northern
= 5 & 5 z B 3 w10 . & wo10— \% w10 % pike, panfish
‘ > P £ Climatic years 1931-61. Fre- & g2 yefrs \ 2 © e \
2. = quency of minimum average 5 —\S =
2 2 2 2 2 d flows for various periods of \ 23 5 Climatic years 1931-61. Fre- \%\‘ N\ 2 : \ ‘\% \ Ten Mile 5,150 208 Natural channel to Wisady bays; sand S, gerttcl Waliayes, nofiiiem
2 = s 3 : S .| - o = N = 2 ’ : and gravel rubble pike,bass, excellent
% consecutive days = X 3 quency of minimum average T\ \ 3 \ Birch Lake shogls pantish
1 1 1 2 3 2 ——flows for various periods of 2 }§_
0.5 0.5 05 1 consecutive days .
RECURRENCE INTERVAL, IN YEARS RECURRENCE INTERVAL, IN YEARS RECURRENCE INTERVAL, IN YEARS M AIE gravel, rest muck | P'K€ pIRASS
PERCENT OF TIME INDICATED DISCHARGE WAS EQUALED PERCENT OF TIME INDICATED DISCHARGE WAS EQUALED PERCENT OF TIME INDICATED DISCHARGE WAS EQUALED
OR EXCEEDED OR EXCEEDED OR EXCEEDED HIGH FLOW IN THE HEADWATERS AREA IS FROM SNOW MELT OR RAINSTORMS AND IS INFLUENCED BY NUMEROUS LAKES, LARGE SWAMP AREAS, Data obtained from Minnesota Department of Gonservation:
THE EFFECT OF STORAGE IN LAKES, SWAMPS, AND GLACIAL DEPOSITS IN THE HEADWATERS AREA IS SHOWN BY THE FLAT SLOPES OF THE AlE Sl THLEe O v IR O ASERLT RON 1 W ORAEE RO GNETI B R om
FLOW DURATION CURVES Although prolonged high water is characteristic of the water- generally sustained throughout the year. During dry periods,

Pine River has less natural storage than Leech Lake River and Mississippi River above Winnibigoshish Dam. shie, wewle ey por eitnermdle Gilow. Gued Bl o AR frat e FRsny alasseasads the tuvsl

The sources of base flow were affected severely and depleted during the extreme dry years of the 1930’s
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