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SURFACE WATER

NATURAL FLOW IN MANY STREAMS HAS BEEN ALTERED BY MAN’S ACTIVITIES, PRIMARILY IRON MINING AND HY DROELECTRIC POWER GENERATION

Nearby streams are the primary source of water for mining and processing of iron
ore. Natural flow in many of these streams is supplemented by large quantities
of ground water pumped from mine pits. Where streamflow was inadequate,
reservoirs were constructed to store flood runoff for future withdrawals. Water
requirements for the mining industry have varied over the years, changing as
demands for iron fluctuated. With the advent of the taconite industry in the
mid-fifties, water demands increased as new processing plants were built, By

Streamflow in the lower part of the watershed is regulated for production of
hydroelectric power. Four public utility powerplants and one privately owned
powerplant are located on the St. Louis River below Cloquet. Total generating

1976, most of the ore shipped from the Mesabi Iron Range was in the form of

taconite pellets.

capacity of the five plants is 88,860 kilowatts.

Five reservoirs in the Cloquet and Whiteface River basins (see Water Use section,

storage capacity of 332,160 acre-ft.

sheet 1) are used to regulate streamflow for hydroelectric power generation.
The reservoirs were constructed between 1908 and 1923 and have a combined

A series of discharge measurements was made (Sept. 16 - 20, 1974), to determine
variations in baseflow at one point in time. Baseflow conditions were good
because precipitation totals for the preceeding 2 weeks were less than 0.5 inch.
Flow at two-thirds of the gaging stations ranged from 48 to 62 percent on
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The methods given in figures 1 - 3 define flood-magnitude-frequency relations for
most of the watershed. Areas excepted from the regional methods include
Streams draining less than 30 mi2 and basins having substantial river regulation

magnitude and frequency of floods for a given site by using the regional
methods (figs. 1 - 3). Percent of lake area is computed by dividing total sur-
face area of lakes by area of drainage basin and multiplying by 100,

DISTANCE ABOVE MOUTH, IN MILES

MAGNITUDE AND FREQUENCY OF FLOODS CAN BE DETERMINED BY REGIONAL-FLOOD-FREQUENCY METHODS

Example. — Determine the magnitude of a flood having a 30-year recurrence
interval at St. Louis River near Aurora gaging station (04016500). Drainage
area at site is 291 mi2 and area of lakes in basin is 9, 7 mi2,

which allows man to alter flood peaks by manipulating power dams and 1. From figure 1, the mean-annual flood for a drainage area of 291 mi2 is 3,600

storage reservoirs. Some of the regulated streams are mainstems of Whiteface ft3/s.

and Cloquet Rivers, downstream from the reservoirs, and mainstem of the 2. Percentage of lake area in basin 9.7 mi2/29]1 mi2 x 100 = 3.3 percent, From

St. Louis River, downstream from the mouth of Whiteface River, Because of flood-reduction curve in figure 2, the flood-reduction factor for 3.3 percent of

considerable interest in the lower reaches of St. Louis River, flood frequencies lake area is 0.48.

for the mainstem from the mouth of Whiteface River to Scanlon are presented 3. Adjust mean-annual flood determined in step 1 by flood-reduction factor from

above. step 2. Adjusted mean-annual flood = 3,600 ft3/s x 0.48 = 1,730 ft3/s.
Drainage area and percent of lake area in the basin must be known to determine 4. The ratio of a flood of a given recurrence interval to the mean-annual flood is

obtained from the composite frequency curve in figure 3. For this example,
the ratio for a flood having a 30-year recurrence interval is 2.2

5. The magnitude of the 30-year flood is the product of the adjusted-mean-
annual flood determined in step 3 and the ratio obtained in step 4 or 1,730

ft3/s x 2.2 = 3,810 ft3/s (121 m3[s).

their respective flow-duration curves. Stream discharge and specific conduct-
ance data, obtained during the measurement period, are tabulated above right.

Specific conductance readings of more than 300 micromhos per centimeter at

25°C were common in streams receiving mine discharge water, whereas read-
ings from streams in a more natural state range from less than 50 to 300
micromhos per centimeter. Base-flow yields are listed for those sites where
drainage areas are determined, Yields tend to be highest from surficial-sand

areas and lowest from lake-clay areas.
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Reservoir is located on the mainstem of Cloquet River. Outflow from Boulder
Lake Reservoir flows into Island Lake. Wild Rice and Fish Lake Reservoirs
are situated on Beaver River which enters Cloquet River about 20 miles up-
stream from its mouth,

The profile for Whiteface River has a shape similar to the upper St. Louis River.
Average channel slope for Whiteface River is 4.9 ft/mi.
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hydrographs to the right are as follows: as included in the budget equation-on sheet 1.
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0401550 Second Creek near Aurora Base-flow period .
: - Approximate | g ber 16 = 20. 1974 7-day min-
Drainage area 26.3 mi? (68.1 km?) Ma Station Gaging station, desiaaie eptember 16 - 20, imum discharge
Years of record (water years) 1956 - 75 i ep e partial record, or miscellaneous are ag ecifi 10-year recur-
Maximum discharge (4-22-61) 254 ft° /s (7.19 m3 Js) - y = discharge measurement site (mi?) o:% < tac rence interval
Minimum daily discharge 1.5t /s (0.042 m”* /s) 04017000 Embarrass River at Embarrass : (micromhos/om) (6 [s)
Average discharge (20 yrs) 22.9 ft? /s (0.640 m? /s) Dralnage heéa 03.8 mi? (243 km?) LOIHoRan
Note — Natural fflow affecte_d by discharge from mine-pit dewatering . Year-s of recprd (water years) 1943 - 64 1 04015438 Sl onisRivermearskibo 84 55 i
04018750 St. Louis River at Forbes and diversions for processing iron ore. - , Maximum discharge (5-8,9-50) 1740 12 /s (49.3 m3/s) 2 St. Louis River near Hoyt Lakes 149 110 -
Drainage area 713 mi? T. Fa Xh:lmun;.da':ly dls::;;rge ) 3494“: ﬁs/ :?ggi m: ;s; 3 04015455 South Branch Partridge River near Babbitt il 60 -
§ PR v ¢ A i : L
Years of record (water years) 1965 - 75 0401800 Embarrass River near McKinley Bllcec o o o S WA e /s LS 4 04015475 Partridge River at Hoyt Lakes 106 175
Maximum discharge (4-16-71) 5610 t° /s (168.9 m?/s) N-¥ §2° 00’ T e e e 5 SINGIIE SO 350wl ek oD Aot e = .
Minimum discharge (11-26-66) 24 ft? 58 m? Drainage area 171 mi? (443 km?) . L 6 04016000 Partridge River near Aurora 156 375 4
ge (11- t/s (0.68 m?/s) v “ . AL
, : o ears of record (water years) 1954 - 62 9 Babbitt q 04016500 St. Louis River near Aurora 291 210 10
Average discharge (11 years) 585 ft3 /s (16.71 m?/s) Maximum discharge (4-20-54) 1960 13 /s (47.9m? /s) T. ’ oJ0 8 St. Louis River near Gilbert - 320 -
Note — Water diverted 0.5 mile upstream for iron-ore processing Minimum discharge (9-7-55) 1183 /s (0.31 m3/s) | 60 o\ 108> 04016000 Partridee Ri A - 9 Bear Creek near Embarrass - 75
Average discharge (9 yrs) 111 ft* /s (3.144m?/s) | N. ) .| izass ERie e nens g 10 | 04017000 | Embarrass River at Embarrass 93.8 165 1.7
04018900 East Two Fi ] = Runoff, average annual 8.82 in/yr (224 mm/yr) ?_-\Q{,, \/ - Drainage area 156 mi? (404 km?) i Embarrass River at Biwabik - 120
00 East Two River near Iron Junction e Years of record (water years) 1943 - 75 12 | 04018000 | Embarrass River near McKinley 171 110
Drainage area 40.0 mi? (103.6 km?) AL Maximum discharge (5-10-50) 3230 ft3 /s (91.5 m?/s) 13 Ely Creek near Gilbert - 150 -
Years of record (water years) 1967 - 75 Minimum discharge (1-30,31-61) 2.2t [s (0.062 m3/s) 14 Mud Hen Creek near Makinen - 200 -
Maximum discharge (10-12-73) 640 ft3 /s (18.1 m3/s) - Average discharge (adjusted) 32 yrs. 129 ft3/s (3.625 m? /s) 15 Water Hen Creek near Makinen = 185 =
Minimum daily discharge ‘\ ee 77N - 4 Note — Flow regulated at times by storage in off channel Partridge 16 04018710 Mud Hen Creek near Forbes 101 200 =
(1-27-30-70) 4.6 ft2/s (0.13 m? /s) o 5 Reservoir. Diversion from Colby Lake to iron-ore processing plant 17 Long L*_‘ke Creek near Eveleth - 150 =
Average discharge (9 yrs) 35.4 ft3 /s (1.003 m3/s) 5 § o Pinevi z since 1956. Flow also affected by discharge from mine-pit dewat- 18 | 04018750 | St. Louis River at Forbes 713 260 -
Note — Natural flow affected by discharge from mine-pit dewatering. lountai \ » Biwabi} Auror @ . ering and diversions for processing iron ore. 19 Elbow Creek near Forbes = 273 -
Records furnished by U. S. Steel Corporation . o o ron Virginia/ 58 (o] 58 / T ] Y 20 East Two River near Eveleth - 33 -
47°30 &— Kipney rE McKinleys " i T 21 | 04018900 | East Two River near Iron Junction 40 600 =
- - - a'sholm h 20 .+ Gilbert i 03_0/1' 22 West Two River near Buhl ) - 230 -
04019000 West Two River near Iron Junction 93" 00 X f 2 Eveleth }, : ,° 23 West Two River tributary near Iron Junction - 210 -
Drainage area 68.4 mi? (177.2 km?) _ ‘ L W SO [ 24 | 04019000 | West Two River near Iron Junction 68.4 390 -
* } 2y 25 04019010 West Two River near Forbes 78 220 -
Years of record (water years) 1954 - 62, 1966 - 75 Hibbi / g ;
2 : 5 : T ibbing & / 26 Stony Creek near Toivola - 250 -
Maximum discharge (4-17-54) 916 ft3 /s (26.9 m3 /s) q 0 |/& ; i
Minimum daily discharge 3.0t /s (0.085 m* fs) |—57 (N e n~ o | Eee gl gw"“‘ g“’er nede f;lgct‘: 15 %go 0
. . (st i 28 est Swan River near Hibbin = 0 -
Note — Flow regulated at times by storage in reservoir that impounds = )\ 5 N % o 24 :gon ] 29 West Swan River near Toivolag 130 160 -
water from upper 27.9 mi? of basin. Water from reservoir used for o/ o S 04016500 St. Louis River near Aurora 30 Barber Creek near Hibbing - 560 -
pHrocessmg_ taconite at U S. Steel Mountain lron Te.:conite Plant. .y . \ - 31 Drainage area 291 mi? (808 km?) 31 Dempsey Creek near Hibbing = 450 =
ecords since 1966 furnished by U.S. Steel Corporation - / 3218 2 S Years of record (water years) 1943 - 75 32 East Swan River tributary near Hibbing = 580 =
N. ) = // § Maximum discharge (5-14-50) 5380 ft /s (152 m3/s) 32 04019380 Isiast Sl\zvan River ;ear 'l;owola gz igg 11
; s e . ) '* Minimum discharge (10-2,3-48) 4.0 ft3/s (0.11 m?/s) 3 04020000 wan River near Toivola =
4019300 W | 0 2N fic ) & ge v ot :
= i ki bt F:::e; "ei" anon il \ios /7 Average discharge (adjusted) 33 yrs. 249 ft* /s (7.052 m?/s) 35 gt. I&oculs R1verT near Toivola - 348 =
rainage area .3 mi _ : . : 36 and Creek at Toivola 11 -
Years of record (water years) 1964 - 74 L . N‘::ser\zzv gi?l:'r::gg a:r:rrnn ez:z::togzz I:ooﬁt::zr;:el,::é;gg: 37 St. Louis River near Meadowlands - 280 -
Maximum discharge (10-10-73) 573 ft3 /s (16.2 m3 /s) . o, 34 W~ =X - : . 38 North Branch Whiteface River near Markham - 85 -
) f 5 ! T ) | sifica [\ plant since 1956. Flow also affected by discharge from mine-pit : .
Minimum discharge No flow at times in 1969-70 and 1972-73 = 5L = 2 v dewatering and diversions for processing iron ore 39 South Branch Whiteface River near Markham - 125 -
Average discharge (12 yrs) 11.1 ft3 /s (0.312 m? /s) N ) | ® o) ' 40 Whiteface River near Markham = 70 -
Note — Natural flow affected by discharge from mine-pit dewatering. ’ Rij @t~ ) .26 41 Bug Creek at Shaw = 175 =
: ] = 04018720 St. Louis River near Forbes 42 Whiteface River at Cotton - 140 -
a - = 43 | 04020800 | Paleface River near Cotton 62.6 165 =
04019500 East Swan River near Toivola . 5 _ Gage heights only - Record not published 44 Whiteface River near Kelsey - 170 -
: — 5 Tk Whir Years of record (water years) 1966 - 75 45 Little Whiteface River near Meadowlands - 200 -
erainage area el {290 km?} A4 |- "R, 11w. | Maximum stage (result of ice jam)  15.87 ft. (4.84m) 46 | 04021000 | Whiteface River below Meadowlands 453 170 -
ears of record 1954 - 62, 1965 - 71 ) Minimum stage (result of regulation) 3.65 ft. (1.11m) : i - -
: : 3 A 47 Spider Creek near Meadowlands 280
Maximum discharge (4-12-69) 1950 ft /s (55.2 m? /s) 48 i et Wavina _ 225 1
Minimum'discharge 11177 /f f0.31 m: Is) 49 Floodwood River near Meadowlands - 170 -
Airig R I Dwj] : SN ; .(2'656 = ./S) d 04023000 Cloquet River at Independence 50 | 04021200 | Floodwood River near Floodwood 190 150 3
Note — Natural flow affected by discharge from mine-pit dewatering ‘ Bowlni Drainage area (approx) 750 mi? (1942 km?) 51 | 04021250 | East Savanna River at Floodwood 114 120 -
and diversions for processing iron ore. g o Ly 5 Years of record (water years) 1910 - 17 52 Artichoke River at Brookston - 250 -
< \ | - Maximum discharge (4-30-16) 5460 ft /s (154.6 m?/s) 53 St. Louis River at Brookston - 260 -
; : ~ i Average discharge (8 years) 558 ft3 /s (15.80 m3/s) 54 Stoney Brook near Brookston - 180 -
0 i y
SRS ST T TN olw 2\ - L } 2° 00’ Note — Flow regulated at times by logging dams above station. 55 | 04021530 | Stoney Brook at Brookston 97.3 200 =
Drainage area 254 mi? (658 km?) YIS <\ 27 4] 47° 00" 56 Cloquet River near McNair - 80 -
Years of record (water years) 1953 - 61 Z(9 =V | ‘ o ° /E( R. 13 W. 57 Langley River near Rollins = 115 =
Maximum discharge (4-13-54) 2980 ft2/s (84.4 m? /s) L= = 50 l i N EXPLANATION 58 Cloquet River near Rollins = 95 -
Minimum discharge 20 ft3/s (0.57 m?/s) 52& =i £ | 59 | 04021700 | Cloquet River near Brimson 144 95 .
Average discharge (9 yr) 168 ft* /s (4.758 m* /s) N. J‘ | 2 /70 GAGING SITES 60 Pine Creek near Brimson - 125 -
Note — Natural flow affected by discharge from mine-pit dewatering | = dwood ] I B (identified by number) 0 — 61 West Branch Cloquet River near Rollins = 130 =
and diversions for processing iron ore. cih | —————— / \s 0.2 62 Petrel Creek near Fairbanks = 140 =
—~1 A a 0.4 - 63 Wolf Creek near Rollins - <50 -
B, ok / ) ) : ) 206 0O 64 Berry Creek near Brimson - 110 -
04021000 Whiteface River balow Meadowlands 55 Active gaging station continuous record 8 : % 65 | 04021960 | Cloquet River near Island Lake 327 100 13
Dialitage orés 453 mi? (1173 km?) 0 g Pt //\CDO w 0 78 66 Little Cloquet River near Island Lake - 115 -
r 67 Cloquet River near French River - 110 -
Years of record (water years) 1910 -17 I L_ o { 79 ) r 14 @© 68 Cloduet River near Taft _ 70 _
Maximum discharge (4-21-16) 5960 ft* /s (169 m?/s) T 9 = Discontinued gaging station & 18 Lo
s 2 3 . 4 2 69 Beaver River near Duluth - 85 -
Average discharge (8 yrs) 327 ft /s (9.261 m? /s) 50 . . D N 2] 41 o :
; s\l A S T 70 Beaver River near Taft - 85 -
Runoff, average annual 9.80 in/yr (249 mm/yr) N. 93° 00’ eis . g w 7 Us-Kab-Wan-Ka River near Taft - 205 -
Note — Flow regulated at times by logging dams above station R. 22 W. R. 21 W. R:m o 82 R Partial record site § 0 i 72 | 04022970 | Us-Kab-Wan-Ka River near Twig 38.9 185 15
o e S| IR . o S :.;2 73 Hellwig Creek at Independence - 235 -
04024000 St. Louis River near Scanlon B 87 S . =z 104 3 74 | 04023000 | Cloquet River at Independence 750
T Miscellaneous measurement site o 4 © 75 Beartrap Creek at Saginaw = £ =
Drainage area 3430 mi? (8,880 km?) 20 — 76 Beartrap Creek near Burnett - 180 -
Years of record (water years) 1909 - 75 R. 14 W. o | 77 04023100 Cloquet River at Burnett 770 80 -
Maximum discharge (5-9-50) 37,900 ft3 /s (1,070 m? /s) \ . . . . 78 Simian Creek near Cloquet = 170 =
Minimum discharge (8-29-63) 80 ft?/s (2.27 m?/s) . Partlllal reftl:ord or Tlsceli;neou; fts;;e 30 — 79 Pine River near Munger - 240 -
Average discharge(unadjusted)67 yrs. 2,294 ft /s (64.74 m? /s) P e O VAR S SRR LT 5 : 0 80 | 04023400 | Pine River near Cloquet 43.2 200 4
Runoff, average annual{unadjusted) 9.08 in/yr (230 mm/yr) 4é Sl= (0.057 m*/s) wt::ttgsoggglg;fnitazmﬂaé;ngdfxt:ie:gmsnelgtl- 81 04024000 St. Louis River at Scanion 3430 240 325
Note — Flow regulated by Whiteface Reservoir and Boulder, Island, i N . : v oo 16-20, 1974, Flows less than 2 ft’/s‘ gg ﬁ!gway gfver . Er;)(ctor - gig -
Rice and Fish Lakes. ’ 3 laway KIver near Esko = 5
R. 18 W. oztag! -e Watershed boundary (0.057 m®/s) are not shown. 84 Hay Creek near Esko _ 260 -
R. 17 W. R. 16 W. 85 04024010 Midway River at Thomson 64.2 260 -
0 5 10 15 MILES 86 Otter Creek at Carlton - 240 -
ll i |ru | : | | | 87 Keene Creek at Duluth - 320 -
0 5 10 15 KILOMETERS
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THE DAILY-DURATION HYDROGRAPHS SHOW SEASONAL
FLOW TRENDS THAT ARE TYPICAL FOR STREAMS IN
NORTHERN MINNESOTA ,

High flows, caused by snowmelt and spring rains, normally occur in April and
May. Streamflow then recedes through summer, reacting only temporarily
to occasional periods of storm runoff. Flow increases slightly as evapotran-
spiration losses diminish in the fall. During winter, flow sustained by ground-
water discharge, recedes slowly until March when accumulated snow begins
to melt.

Regulation of flow for generation of hydroelectric power is apparent in the
hydrograph for St. Louis River at Scanlon. The daily-duration hydrographs for
20, 50, and 80 percent of the time are stable from August through February,
showing only a slight downward trend during the period. ’
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HIGH FLOWS RESULTING FROM SPRING SNOWMELT ARE
GENERALLY OF LONGER DURATION THAN FLOOD RUN-
OFFS RESULTING FROM RAIN AT OTHER TIMES OF THE
YEAR
Rainfall during snowmelt frequently contributes to the magnitude and duration
of spring runoff. Maximum discharges during spring high-water periods are also
maximums for the year about 70 percent of the time. Many lakes, swamps,
and bogs in the watershed provide natural surface storage for overland runoff,
§0 most streams are not generally flashy.
High flows in Partridge River near Aurora and St. Louis River near Aurora are, at
times, affected by diversions to storage in off-channel Partridge Reservoir. The
magnitude of most high flows in St. Louis River at Scanlon are reduced by a
reservoir system that controls flood runoff from about 20 percent of the
drainage area.
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THE LOW-FLOW FREQUENCY CURVES SHOWN ABOVE ARE FOR
STREAMS AFFECTED BY ACTIVITIES OF MAN, EXCEPT FOR
EMBARRASS RIVER AT EMBARRASS
Normally, during extended periods of little or no precipitation and in winter, when
snow accumulates, streamflow is sustained by discharge from the ground-water
system. Man’s activities, primarily for iron mining, have altered streamflow in
the northern half of the watershed by appropriating water from mine pits to
streams. The effects of these appropriations are significant during periods of
low flow, so the curves for affected streams should not be used to anticipate
future events.
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LOWER PARTS OF THE FLOW-DURATION CURVES HAVE GENTLE SLOPES INDICATING CONSIDERABLE GROUND-WATER DISCHARGE TO STREAMS

Middle and upper parts of the curves are not steep because streamflow variability
is small in most of the watershed.

Most of the flow-duration curves shown are for streams affected by man. Flow in
Swan River near Toivola and East Swan River near Toivola is augmented by
mine dewatering and discharge from wastewater-treatment plants at Hibbing,
Chisholm, and Buhl. Flow in West Two Rivers is affected by regulation of
reservoirs that were constructed in 1966. At times, flow in West Swan River
near Silica is supplemented by mine dewatering. In the lower part of the basin,
flow in St. Louis River at Scanlon is affected by regulation of reservoirs on the
Cloquet and Whiteface Rivers.

A significant change in flow has occurred at Second Creek near Aurora gaging
station since records began in 1955. In the mid-sixties, mine dewatering was
significantly increased in the basin, resulting in large quantities of water being
pumped to the stream. For the 9-year period, 1956 - 64, the daily mean dis-
charge at the station was less than 5.9 ft3/s on 692 days, or about 21 percent
of the time. For the 11-year period, 1965 - 75, the daily mean discharge was
less than 5.9 ft3[s on only 16 days, or 0.4 percent of the time. Average dis-
charge for the same two periods increased 6 7 percent from 16.7 to 27. 9 ft3/s,
yet average annual precipitation in the area increased only 10 percent from
26.68 to 29.35 inches.
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Map Key—J o 4/Dlssolve:d solids in mg/L

SURFACE WATER QUALITY

EXPLANATION

Dissolved solids determined
by laboratory analysis
(see table below)

RN

Dissolved solids estimated by

Watershed boundary

measuring specific conductance

Surficial geology generalized
from map on sheet 2

DISSOLVED MINERALS IN STREAMS AT BASEFLOW REFLECT
GEOLOGY AND SUPERIMPOSED EFFECTS OF MAN’S ACTIV-.
ITIES ON WATER QUALITY

Streams draining the area of bouldery till (map at left) contain lower dissolved
solids than those draining other parts of the watershed because the drift in this
area is derived from coarse-grained crystalline rocks of low solubility. The
median for 23 samples is 64 mg/L. The area is largely wilderness, thus its water
quality is little affected by man. A notable exception is near Aurora where
mining and discharge of municipal sewage contribute toward abnormally high
dissolved solids (430 mg/L compared to median of 64 mg/L).

The median value of dissolved solids in streams draining red-sandy till is 142 mg/L
for 12 samples. Drift in the area of red-sandy till is finer grained than in the

Dissolved-solids concentration in streams draining red-clayey till and glacial lake
deposits are comparable to those draining red-sandy till, having median values
of 143 and 120 mg/1 for 8 and 9 samples, respectively. Surficial drift in these
areas is clayey till and fine-grained lake deposits (sand, silt, clay). Extensive -
peat deposits are included in the latter area. Abnormally high dissolved solids
(230-360 mg/1) occur in streams in the northern part of the watershed. These
streams receive discharge of municipal sewage (see Water Use section, sheet 1)
and discharge from mine-pit dewatering. Effects of such loadings diminish
downstream where dissolved-solids concentrations become more an effect of

Principal chemical constituents in the water are generally calcium and
bicarbonate, with lesser amounts of magnesium and sulfate. The sulfates are
derived from bacterial oxidation of sulfides in bedrock and solution of calcium

CHEMICAL ANALYSES OF WATER FROM SELECTED STREAMS AT BASE FLOW

area of bouldery till.

surficial geology.

sulfate minerals.
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A 04016500 | St. Louis River near Aurora 9-17-74 | 12.5 40 166 84 85 54 0.3 1.00 0.03 25 14.0 8.7 3.8 120 0.28 0.05 0.18
B 04018000 | Embarrass River near McKinley 9-17-74 | 15.0 50 64 43 28 12 2 26 .03 13 4.2 2.9 8 50 .18 .01 .07
C 04018750 | St. Louis River at Forbes 9-17-74 | 11.7 40 142 80 6.3 43 3 57 .04 26 12 7.3 28 110 23 .03 14
D 04019010 | West Two River near Forbes 9-17-74 | 13.1 30 120 119 4.0 8.2 2 .04 04 26 92 6.0 2.1 100 18 .01 05
E 04020000 | Swan River near Toivola 9-19-74 | 11.7 20 275 216 11 54 2 15 .23 46 30 11 29 240 12 .04 07
F 04020400 | St. Louis River near Meadowlands 9-19-74 | 15.0 40 180 118 12 42 .3 09 10 32 17 10 2.8 150 11 .00 10
G 04021002 | Whiteface River below Meadowlands | 9-18 -74 | 15.0 100 90 87 3.0 5.5 2 13 .05 18 8.6 4.0 9 80 78 .04 09
H 04021200 | Floodwood River near Floodwood 9-16-74 | 12.0 200 84 11 1.7 5.9 il 04 04 21 4.9 25 .6 73 79 .05 13
I 04021400 | St. Louis River at Brookston 9-17-74 | 145 80 146 114 6.0 30 ) 04 .07 26 13 88 2.0 120 33 .00 12
J 04021960 | Cloquet River near Island Lake 9-18-74 | 12.0 170 64 54 1.00 5.5 2 04 02 11 4.5 247 4 46 57 .03 07
K 04023100 | Cloquet River at Burnett 9-19-74 (155 50 49 44 1.0 5.0 il 04 05 97 3.1 2.0 8 37 21! .01 05
L | 04023400 | Pine River near Cloquet 9-17-74 | 11.5 30 130 125 4.5 7.0 ol 04 03 27 9.6 4.4 9 110 20 .01 05
M 04024000 | St. Louis River at Scanlon 9-19-74 | 16.0 90 126 73 17 23 2 .00 .08 21 8.6 12 1.8 88 36 .06 24
N 04024010 | Midway River at Thomson 9-18-74 | 15.0 30 146 133 6.4 8.5 2 40 .14 31 12 58 11 130 10 .00 05
COMPILATION OF WATER QUALITY DATA AT 10 LOCATIONS (MAP BELOW)
(Constituents reported as mg/L except where noted)
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A. Second Creek near Aurora, Minnesota, 63 analyses 1960 - 63
Maximum 80 8.0 210 92 31 22 1.2 220 49 24 31 82 302 1.3
Minimum 4 6.5 27 32 8.4 20l 61913 6.9 99 25 192 01
Mean 31 120 57 17 59 4 140 30 17 17 4.2 107 .42
B. Partridge River near Aurora, Minnesota, 97 analyses 1960 - 66
Maximum | 290 8.0 138 93 25 14 8 1500 28 25 28 1.2 243 1.4 0.35 022
Minimum 15 6.3 14 11 .0 4 .1 27 78 3.8 231 4 40 .08 .00 .00
Mean 80 69 53 7:8° 350 .3 85 18 10 12 3.1 138 .61 .13 .07
C. Embarrass River at Embarras, Minnesota, 54 analyses 1955 - 63
Maximum | 210 8.0 113 21 48 52 3 97 27 7.2 62 4.0 130 2.8
Minimum 30 6.1 137 133 .0 S5 @0 22 U550 010 G152 0 g1 =i
Mean 100 49 10 .1 L7 2 48 13 36 26 9 66 .76
D. Saint Louis River near Aurora, Minnesota, 115 analyses 1955 - 66
Maximum | 210 7.8 104 57 16 43 5 120 25 14 13 38 159 1.2 0.16 .17
Minimum 28 6.1 11 1.4 .0 40 () 20 40 1.8 S 2 33 .04 .00 .00
Mean 104 49 16 26 1.5 .2 54 12 59 40 13 77 51 .06 .03
E. Saint Louis River at Forbes, Minnesota, 5 analyses 1970 - 74 STREAM WATER
Maximum | 100 8.2 103 43 89 41 3 110 26 13 88 33 161 69 .22
Minimum 40 6.6 42 13 44 12 2 48 11 49 37 1.3 71 .23 .02
Mean 70 70 29 63 26 .2 83 19 9.2 6.3 24 119 51 .07
F. East Swan River near Toivola, Minnesota, 4 analyses 1960 - 62 STREAM WATER THROUGHOUT THE WATERSHED IS GENER-
Maximum | 100 7.7 160 34 10 7.0 .3 160 36 18 13 29 213 063 .14 ALLY OF THE SAME CHEMICAL TYPE AS INDICATED BY THE
Minimum | 45 65 30 17 7 5 2 48 11 50 32 11 74 .12 .00 PLOT OF MAJOR CATION-ANION GROUPS
Mean 65 96 28 61 36 .2 100 24 10 78 2.0 133 .35 .06
G. Swan River near Toivola, Minnesota, 14 analyses 1960 - 74
Maximum 85 88 218 54 19 11 4 240 51 30 17 3.8 290 1.2
Minimum 9 6.8 42 12 ) ) A 47 12 4.1 1.2 61 .04
Mean 35 154 34 10 48 3 160 35 11 10 26 164 .34
H. Saint Louis River at Scanlon, Minnesota, 109 analyses 1960 - 75
Maximum | 220 9.2 170 39 29 68 5 190 48 16 16 4.7 232 15 35 27
Minimum | 20 63 42 10 20 .1 .0 45 11 35 27 .7 S$9 .00 .00 .00 SUMMARY OF POLLUTANT DISCHARGES TO THE ST. LOUIS
Mean 110 7al 2dl Bos - uiosw 3l 81 B9 63 99, 14y 115 56 087 .07 RIVER (MINNESOTA, WISCONSIN) IN 1973
Data from Minnesota Pollution Control Agency T0t3913]34(.)0D (5-day) TOtla‘lgéi;Sg%)Vg‘}bszhds
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I. St. Louis River at Brookston, Minnesota, 39 analyses 1970 - 77 Total nitrogen ) Total suspended solids
Maximum | 24 85 88 16 37 30 02 9 25 12 15 165 1.0 21 135 9.6 1,300 43,380 Ib /day Diameters of circles 153,900 Ib/day
Minimum 0 66 20 11 <1 2.9 10:0° 26 90 30 10 75 .04 2 61 <5 <20 indicate relative loads.
Mean 11 560 13 60 81 1 61 14 6.0 3.0 108 .13 42 89 22 170 Not to scale.
J. St. Louis River at Fond du Lac, Minnesota, 40 analyses 1970 - 74
Maximum 25 83 134 35 24 10 0.2 130 33 35 5.7 187 .70 28 143 27 11,000
Minimum 0 6.7 387 17 3 245 .1 300 8.8 7.0 .10 72 05 22 28 08 20
Mean 9 65 24 10 60 1 65 16 13 24 149 .13 80 85 7.1 950
Average benthic oxygen uptake of lake sludges in the St. Louis River
System measured at 4 locations between Cloquet and Thomson Lake
in 1973. Rates are compared at 25°and 3°C and reported in (gm/m2)/d
(grams per square meter per day)
Average uptake at 2SZC 7.1 (gm/m2)/d
Average uptake at 3°C .6 (gm/m2)/d
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TRACE ELEMENTS IN THE ST. LOUIS RIVER BELOW SCANLON OCCUR AS DISSOLVED OR SUSPENDED COMPONENTS
THAT ARE DERIVED NATURALLY FROM ROCKS IN THE WATERSHED OR FROM INDUSTRIAL AND MUNICIPAL

POLLUTION

Arsenic and mercury are present in barely detectable concentrations whereas
chromium and selenium, if present are nondetectable. Copper and zinc are
generally in suspended form because they have a high affinity for stream sedi-
ments. Large percentages of iron and manganese indissolved form indicate that
these two metals are in the reduced state at this point in the stream.

RELIABLE ESTIMATES OF DISSOLVED SOLIDS AND HARDNESS
CAN BE MADE BY MEASURING SPECIFIC CONDUCTANCE OF

STREAM WATER

Examples on the graph indicate that water having a conductivity of 300 micro-
mhos per centimeter at 25°C will contain about 180 mg/L dissolved solids
and about 145 mg/L hardness as calcium carbonate,

Base from U.S. Geological Survey, Duluth, 1953
Two Harbors, 1954 and Hibbing, 1954
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