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INTRODUCTION A WATER BUDGET
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PRECIPITATION (P) & i = 3
For practical purposes, it is assumed that all water enters the watershed | - I s 5
as precipitation. Precipitation generally increases from west to east. @) Z ¢ . Ly E i
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Runoff from about 95 percent of the watershed is determined at the g o J o &
gage on the St. Louis River at Scanlon. The figure used in the water J o s &
budget is not adjusted for changes in content in reservoirs in the 2 - 225
Cloquet and Whiteface River basins and, thus, represents the actual g ST. LOUIS RIVER AT SCANLON j
amount of water flowing past the gage. Adjusted monthly variations T (Adjusted for change in contents in reservoirs in 200
in streamflow are shown in the graph at right. Average unadjusted ik Cloguet and Whiteface River basins) @
annual runoff from the watershed is 9.7 inches. @ = u
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Over a long period of time, gainsand lossesin ground-water and surface- Z =
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pending upon several factors, most notable of which are climatic ‘ - g wog 3
EXP variations. Long-term changes in ground-water storage in the drift and § 4 3 = T
XPLANATION Buvalik Iron-formation are shown by the well hydrographs at right. i - _ o Gl z s
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It drains a predominantly forested area of about 3,650 mi2 (Minnesota covered wetlands. more than 1 ft/mi from Partridge River to Cloquet, and 35 to 70 T
Department of Conservation, 1959) and discharges into the lake at Generalized topographic features are shown on the map above, The 40 ft/mi in a 15-mi reach below Cloquet. 186011561 11062 Hid6a§12601 1966118008180 781968 18601 197011971 M 5728197341974
Duluth. ' . . _ topographic high along the northern boundary includes the Iron Details of topography can be obtained from 7%- and 15-minute
The Mesabi Iron Range, noted for rich deposits of iron ore, parallels Range and is dissected by post-glacial drainage. The most notable quadrangle maps, indexed above.
much of the northern watershed boundary. Large areas of land were drainage gap is that occupied by the Embarrass River. The series of The watershed is sparsely settled except for its northern and south- THE RELATIONSHIP OF PRECIPITATION (WATER ENTERING) TO RUNOFF (WATER LEAVING) AND GROUND-WATER
altered by mining activities, as seen on the Landsat-1 MSS 7 southwestward-trending elongate hills in the eastern part of the eastern parts. About 80 percent of the urban population lives on the MetEs LEVELS (CHANGES IN STORAGE) ARE INDICATED GRAPHICALLY ABOVE
image for September 26, 1974 (No. 1795-16203). The northeast- watershed, visible on both the Landsat image and the topographic Iron Range. Most of the suburban and rural residents also live on or 4 o e — 550 Over a long period, cyclical precipitation variations and their effect on
ward-trending string of water bodies (black on the image) along the map, is the Toimi Drumlin Field (Wright, 1972). Topographically near the range or in the southeastern part of the watershed. Total E the hydrologic system become apparent. Above normal precipitation
northern boundary are flooded mine pits and tailings basins. The low, relatively flat land in the southwestern and central parts is a population (1970), exclusive of those in the city of Duluth, which is FEEE £ RE= in the late forties and early fifties, and in the late sixties to early sev-
northeastern part of the watershed is largely State and National glacial lake plain. St. Louis River gradients are highly variable, being included in the Lake Superior watershed (Olcott and others, 1976), BN ¢ i enties, resulted in increased runoff and rising ground-water levels.
forest, whereas much of the southwestern and central parts are peat- 9 ft/mi from its headwaters to the mouth of Partridge River, slightly was about 117,000. 2 5 Below normal precipitation in the late fiftiesand early sixties resulted
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MOUNTAINIIRBN mBWABIK(2) Meadowlands 128 29[ - 29| 62 2 62-89 | 22-38 |18-56 (2.2-4.4 | 22-35 1971 18 .09 17 3.0 - 270 SU M MA RY AN D CONCLUSIONS
Jj\ b b v Mountain Iron 1698 | 69| - 6 111 2 56 - 60 30 [12-16 | 20 300 1967 14-23 | 02-.56 | 87-140 | 10-14 - [280-410
=N GIL(S)E RT . ' 1 225 100 = = 500 1971 46 16 =5 5.0 = 170 RELATIVE ADEQUACY OF WATER SOURCES
o JuncTion B EVELETH ‘(\.00 q.'\"d = R Virginia 1 94 21 48 47 1000 1962 92 29 16 1.0 = 230
. i (2) VIRGINIA (2) ¢ g (also serves Parkville | 12450 | 829 | 207 | 622 [137 T . — IR S SUREACE WATER GREND Ve
Z K”(V:;‘EY ' \ . and Franklin pit = - a a Sl - - - - - - - St. Louis River Major tributaries Minor tributaries Reservoir lakes Other lakes Surficial sand and gravel Buried sand and gravel Animikie Group Other bedrock
" e L SRl S Pineville ‘ - :
% CHISHOLM (2) (White township) 75 est. 0.8 = 0.8 | 29 1 100 - - - 25 = = — - = — _ For a moderate supply, principal needs Adequate flow Adequate flow except near headwaters Adequate quantity | | Adequate quantity from larger lakes | T Rapid recharge from precipitation | Wells may be open to more than one il Iron-formation may yield adequate Generally good quality
2 (2) Wrenshall 80 Gl s | Relatively inexpensive to develop ¥ aquifer ! quantity
é Sl rensha 221 - 2.2 178 | 2 106-140 | 85-90 |15-40 2.4 12-60 1971 .06 .02 7.8 2.0 - 150 Quantity "\ Generally good quality | Thicl'( deposits in buried _valleys may 3 Generally good quality
HiBBING 47 30 = TOTALS 67,510 | 3,315 | 426.6 | 2,888.4 Minimum available surface water supply a ‘ | vield adequate quantity
3) ) 91° 30 o 1. For confined aquifers available drawdown is vertical distance between static Municipal or industrial £ 1 ft3/s (0.03 m3 Ils vield- i i i
93° 00 e water level and first perforation supply ;)n 250{gsa§/r.nin m(lé?.?s; rEEE isi i ificati . = . P L |
S 2. City is in Rainy Lake watershed but city wells are in St. Louis River watershed 5 D‘S'“fe""o"f '{“d clarification desirable D'S'"fGCthQ ‘{nd clarification desirable Flow generally inadequate Intended use may prohibit use for other | | Disinfection and clarification desirable | Lake sand too fine-grained and thin to | Recharge may be slow Argillite generally inadequate quantity Inadequate quantity
! o (o] EXPLANATION 3. City also obtains about 2,300 million gallons of water from Lake Superior Quality for municipal use for municipal use Disinfection and clarification desirable purposes 5 for municipal use | yield adequate quantity ‘Treatment for hardness, iron, and On Mesabi Range mining activities Recharge may be slow
T. ing <] : 4. Analysis by U.S. Geological Survey Dissolved-solids concentration less than C?lor comm?nly high Color commonly high for municipal use Disinfection and clarification desirable | | i Easily polluted | manganese may be desirable decrease reliability Locally water may be saline
57 ol8 * Land use categories based on dominant land use within 40 acre 500 mg/L, hardness less than Dissolved solids concentration commonly # Dissolved solids concentration commonly Color commonly high for municipal use i ! . | Many deposits too thin to yield adequate | | Recharge may be slow
N. : S (16 hm2) parcels in 1969 (minimum shown 160 acres (64 hm2) L i high in mining areas Mg mina grees, g fi “‘ gty
o @ l
- For an adequate farm supply, needs are: Adequate flow Adequate flow i Adequate quantity Adequate quantity Commonly adequate quantity Commonly adequate: quantity | Commonly adequatez quantity Generally good quality
- Y 4 Forested Urban or residential LAKE AREA IN Gueniity Suitable quality for stock Suitable quality for stock : Suitable quality for stock Suitable quality for stock Suitable quality for stock Generally good quality Signesnly poedauality ! Seeonmly sofd sty
56 7 f SQUARE HECTOMETERS Minimum of 5 gal/min (0.3 L /s) 8
N, O 5 ?J Whiteface - N . :
‘ Resery o 3 g s @ a2 = 45 Rural domestic or stock Quality |
A 5 == Cultivated Extractive b g' ol 8] 8{ ? SR T O supply Dissolved-solids concentration less than | Flow may be inadequate : . d iable onl e
/ (mining) 'I' N ®@ 3 8 g8 g o e 1000 mg/L Available only to riparian lands Available only to riparian lands ' Available only to riparian lands Syall:ble.only ::lo l;lpa.;}an .lan ds irabl S,V?‘;‘b e' ehy :‘o 'l'lp?;_la", an ds irabl Easil i Treatment for hardness, iron, and Reliability of Iron-formation is decreased | | Commonly inadequate quantity but
- 'Z | Silica 78 T < 2 SRS SR S A Disinfection and clarification desirable Disinfection and clarification desirable | Disinfection and clarification desirable ISIfnore;:)l:‘lne:tlilc ::52" atopdesinng ls:"':)::tr:;r:e:t?c :s:" L s manganese may be desirable for by mining activities unpredictable
ar o S P . - [ | | | | | | | | | for domestic use for domestic use | for domestic use domestic use | | Inadequately tested except in mining May require deep well
N.f %) l ; @ﬂ J} l Color commonly high Color commonly high g Color commonly high ! areas
| ° b0\ o Transportation - = WATER USE — .
' e - s R 1
‘;. i = 7] V T| ( R 11 W. (airport) g. "f ? °|° < (MILLIONS OF GALLONS) For an average farm, needs are: Adequate flow Adequate flow Suitable quality Adequate quantity | Adequate quantity from larger lakes | Rapid recharge from precipitation ; Wells n'f?y be open to more than one lron-fornfation may yield adequate Suitable quality
N - = = e : Quantity Suitable quality Suitable quality Suitable quality | Suitable quality | Relatively inexpensive to develop ! Ll L R quantitys
W Toiv hitefac ol e Y 500 oo}~ 2 1% Type of Use and Year Ground Surface Minimum available surface-water suppl ) Suitable quality - | Thick deposits in buried valleys may | Suitable quality
54 e 0 Blue = surface-water source I e p water water of 1 ft3/5 (0.03 m3/s) during groﬁsi:g & I ¥ i yield adequate quantity
¥ i d
N. o — ’ Red = ground-water source L season or wells yielding 250 gal/min i & | Suitable quality
O A /“/b\i/ SELF-SUPPLIED INDUSTRIAL (1975) Municipal (1973) -l S : b “
Rt;ulder L_ ke r./' o Size oficizolelindicatestclative imounts o QUﬂlitY_ ; Restricted to riparian lands Restricted to riparian lands Restricted to riparian lands Restricted to riparian lanfis | Restricted to riparian lands | Lake sands too fine grained and thin to | Recharge may be slow Argillite probably inadequate quantity Inadequate quantity
esery \:r o R. 12 W. PUBLIC SUPPLY of water for mining activities. Number Rural domestic (1970) Sunab.lht?/ of water quallty for irrigation Flow may be inadequate Intended use may prohibit use for other ' | yield adequate quantity | Many deposits too thin to yield adequate| | On Mesabi Range mining activities Recharge may be slow
dowlands o 5 (1973) is millions of gallons/yr (millions of as indicated by classification of purposes 4 | quantity | decrease reliability Locally water may be saline
g 800 7 %55 200 — — liters/yr) 400 ©» 200 Livestock (1970) Wilcox (1955) il ‘ | Recharge may be slow
& 1 Zz v} i :
E 600 — 8 _| < S Adequate depth and quality of water for | Adequate depth and flow Adequate depth and flow in lower Good quality Good quality Most zoned to control shoreline
& - é e n Irrigation (1975) fish in lakes and streams Excellent quality above Cloquet reaches Excellent wildlife habitat along banks Excellent fisheries development
8 400 | © 100 — 20004000 o Adequate coverneeded for witdlife Excellent wildlife habitat along banks Excellent quality and in adjacent wetlands Suitable quality
] ] % 7570: 15,140) 5 Self-supplied industrial habitat is provided by: and in adjacent wetlands Excellent wilflife habitat along banks Excellent fisheries .
% 200 - o e ( ) 2 (1975) Fish and wildlife habitat Wetlands — lakes or potholes sur- and in adjacent wetlands Excellent wildlife habitat along banks of EXPLANATION
S FLOODWOO ) _“ % 2 Industrial 5 b g - Iron mining rounded by marsh areas more remote lakes
(2) = R0 =0 RO St — marsh and woodland
o lfj Flandwae E = (1) 5 Dewatering r:al:)n:g b::l:s et Water quality poor below Cloquet Intermittent flow in many Large annual fluctuation in stage Renidbecaresi fon bre Slbiiation
;‘1. = (;232:%228) S Ore processing | Desirab.le features Rel:tively inegxpensivs to :evelop
o — s Number indicates type of sewage i it | RBOvE fe Suitable quality
. « T 7 [2? :giafgﬁﬁ;m AR S MR Q o K = Adequate access to lakes and streams Excellent esthetic values Excellent esthetic values | Excellent esthetic values Good esthetic values Good esthetic values
. 500~ 1000 ® Mecar Availability of areas suitable for hunting, | CXcellent canoeing Canoeable at high stages Human habitation very sparse in north- I;xce.llent fishing and I:o?ting I(jloo:ilﬂrishing ;;l'd boating
o E — g Other fishing, and other water sports Goot.l fishing and huntmg Gooc.i fishing and huntmg eastern part of water shed, wilderness ublic access at several sites ost have public access ) Good Fair Poor Unidesirable Laikee Foaiisls n Fikiegpmined s iRt
T Route of treated sewage (1892 -3785) > 20 0 Public access at several sites Public access at several sites environment Most zoned to control shoreline ] features below line yield adequate quantity
50 °° \__J_/_ o) OTHER O PR R Wendiprassssing Available resorts, lake cottages, and Human habitation sparse in northeastern ' development Colors indicate ove;a:l adequ.a'cy of water sources as
N. 55" OD" A : ¥ Retreation campgrounds part of water shed evaluated for specific purposes
R. 22 W. R. 21 W. — (924560 —1580902) e EI; EI’ u"'; sl Circulated! Esthetic values and absence of pollution
Storage reservoir dam - Makeup Water quality poor below Cloquet Access may be difficult in upper Access may be difficult Large annual fluctuation in stage Few facilities on remote lakes
” . - O LAKE AREA Access may be difficult in some areas reaches
1 o e | | ‘Trl 100-250 PPEENe Steam power Canoeing may be dangerous
[T T I Hydroelectric power dam (378 -946) 10 = Circulated2
0 5 10 15 KILOMETERS . @) Sakiip
&~ Thomso Watershed boundary 50-100 .
B« Lake (189-378) _ Other CONVERSION TABLE SUMMARY AND CONCLUSIONS 8. Periods of low flow in streams commonly occur in late summer or Minnesota Department of Conservation, Division of Waters, 1952, Sims, P. K., and Viswanathan, S., 1972, Giants Range Batholith, in
WRE o) 1. The St. Louis River watershed is sparsely populated except in the late winter. Flows during late winter are generally at the minimum Geology and ground-w_ater resources of the Cloq_uet area, Carlton Geology of Minnesota, a centennial volume: Minnesota Geol. Sur-
Less than 50 3 English Multiply by Metric northwestern and southeastern parts. Most people live on the Iron for the year. County, Minnesota: Minnesota Dept. Conserv., Div. Waters Bull. 6, vey, p. 120 - 139.
Modified from State of Minnesota Land Use Map (Less than 189) TOTAL Range or in the Cloquet-Duluth area. Most of the northeastern part 9. Maximum streamflow normally occurs during spring snowmelt. 63 p. Thiel, G. A., 1947, The geology and underground waters of north-
by Minnesota State Planning Agency (1969) R 17 W. R. 16 W. 5 o N = § - .- in. (inches) X 25.4 = mm (millimeters) is State and National Forest, and the southwestern and central parts Excep; forlroads zind ddrainage structures, most flood damage is in " 1 ‘?]5?, Hj};dﬁol?gicl%t;as of Minnesota: Minnesota Dept. Conserv., - Seaslt)ern %inne:otaf: CMinnesota G&ol.ﬂslurv;y Bull. 3129,32147 $4 -
; — " v O v 6 1B o O 1 . " — | ft (feet) X .3048 = m (meters) are largely peat-covered wetlands. ) more densely populated areas. ) 1v. waters bull. 10, p. ->. Department of Commerce, Weather Bureau, l- - /4, Llima-
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