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> g E8 3 e gﬁui’j § g8 3 = o e i e e Esle %0 12 FLOW-DURATION CURVES SHOW STREAM-FLOW CHARACTERISTICS THE MAGNITUDE AND FREQUENCY OF FLOODS CAN BE DETERMINED BY 1. The site is located in hydrologic area 1. From the curve for hydrologic area 1 THE 590 LAKES WITH SURFACE AREA OF 10 ACRES (4 HECTARES) OR LARGER, EXCLUDING LAKE pan fish.  Characteristics of representative lakes in the watershed are tabulated above,
1800(— g = g% 8 > 1 S 1800(— g 1 _ 44 Little Stewart River near Two Harbors 0.04 8.0 130 WITHOUT REGARD TO SEQUENCE OF OCCURRENCE.—The three THE REGIONAL FLOOD-FREQUENCY METHOD GIVEN IN FIGURES in figure 1, the mean-annual flood for a drainage area of 140 mi?is 3,100 ft%/s. SUPERIOR, MAKE UP ABOUT 4 PERCENT OF THE TOTAL AREA OF THE WATERSHED.—Most of the lakes The numerous lakes scattered through ti.re wilderness of thg SupenorNatlonalForgst, Boundary Waters Canoe
Iy ; 2 3 3 g il g =3 3 s 45 Stewart River near Two Harbors 2.21 7.0 125 flow-duration curves show that streamflow is more stable in the Pigeon River than in 1-3.—The area of the drainage basin and surface area of lakes are necessary to 2. Percentage of lake area in the basin is 0.56 mi*/140 mi*x100=0.4 are less than 50 acres (20 hectares) in area and are concentrated in Cook and Lake Counties. The Iak.es tend to Area, and severa] State forests, together with the Lake Superior fishery and many miles of trout streams, provide
b = g pas a8 23 s g - ;‘.% | : - either the Poplar or Baptism Rivers. The flow-duration curves for Poplar and compute magnitude and frequency of floods for a given site. Percentage of lake percent. From the curve for hydrologic area 1 in figure 2, the flood-reduction be shallow, generally less than 15 ft (4.6 m) deep in much of their area. Most of the lake water, especially in the excellent recreation.
=] ~xE g S —500 <« o] ¥ 3 —500 & 46 Knife River near Stewart 14 3.54 8.0 115 Pigeon Rivers are similar except at the 95 percentile, where the curve for Poplar River area is computed by dividing area of lakes by the total drainage area and multiplying factor is 0.97, when percentage of lake area is 0.4. North Shore area, is relatively clear and soft, is low in nutrients, and supports walleye and northem pike, bass, and
< 1600(— 8T & 7 < 1600 — JSR = n a7 Knife River near Larsmont 27 4.05 10.0 122 breaks downward, showing the extreme minimum flows are not sustained as well as by 100. 3. Adjust mean-annual flood from step 1 by flood-reduction factor from
%) x Gg £ > 7 - 2 2 z — : - in Pigeon River. The Baptism River, which has fewer lakes and wetlands and a For this flood-frequency method there are two hydrologic areas in the Lake step 2. Adjust mean-annual flood=3,100 ft*/s X0.97 =3,010 ft%/s.
z - $ - 2 i 3 z - - 8 -F;:’t, £ 5 _ ] a8 West Branch Knife River near Two Harbors 14 1.60 85 125 much steeper gradient than Poplar and Pigeon Rivers, has a steeper flow-duration Superior watershed. The North Shore area from Duluth to the Pigeon River 4. The ratio of flood of a given recurrence interval to the mean-annual flood is
n 38 2 g g = = o g O pcg = 49 West Branch Knife River Tributary near Two Harbors ; 45 0.62 8.0 135 curve. The Baptism River tends to be more “flashy”, reacting more quickly to includes hydrologic area 1. The Nemadji River basin southwest of Duluth includes obtained from the composite frequency curve in figure 3.  For this example, the
= 1200 & S w = 1400— s _E ~x & :,E s BAPTISM RIVER i~ — —— = runoff resulting from precipitation, and has lower unit flows during extended periods hydrologic area 2. For figures 1 and 2, the hydrologic area in which the site is ratio for a flood having a 30-year recurrence interval is 2.2.
g ® 55 POPLAR RIVER |WILLOW CREEK o w 5 .2 ,3_3 £ ‘3"‘ = Fromieatth 8 50 West Branch Knife River near Knife River 28 2.38 9.0 140 of no precipitation.  The Baptism River is probably characteristic of larger streams in located determines which curve should be used. 5. The magnitude of the 30-year flood is the product of the adjusted
5 = SE —{400 @ 3 L E i S § — 400 g 51 Knife/River near Knife: River 76 6.18 7.0 115 the central part of the North Shore area. Example.—Determine the magnitude of the flood having a 30-year recurrence at mean-annual flood determined in step 3 and the ratio obtained in step 4, so FLOOD'PRONE AREAS
< %) 2 § Eg E Q 2 Little Knife Ri Knife Ri o3 6.0 p Although long-term flow data are not available for other streams in the watershed, Baptism River near Beaver Bay gaging station (04014500). ~ The drainage area 3,010 ft3/sX2.2=6,620 ft%/s (187 m%/s).
o 1200 i ~ 1200— ;5; e 3 & - o g itfle, Knile River nagr Rale Hever : 018 : 5 the relative lack of either surface-water or ground-water storage and the steep at thissite is 140 mi*(363 km?), and area of lakes in the basin is 0.56 mi?(1.45 km?).
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NEMADJI RIVER
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| | | | 1 | I | 1 | I | I [ | 1 I | 1 | | 112 1l6 I 2|0 | 2|4 5 62 | 04024088 | Nemadii River near Duesler 55 3.03 8.5 115
0 4 8 12 16 20 24 L 3z A = 4 g i 63 Blackhoof River near Nemadji 28 7.31 10.5 110
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64 | 04024092 | Blackhoof River near Holyoke 44 24.1 6.5 125
STREAM PROFILES REFLECT THE TOPOGRAPHY OF THE WATERSHED.—The steep topography of 65 | 04024095 | Nemadji River near Holyoke 18 245 6.0 127 13 CHEMICAL ANALYSES, IN MILLIGRAMS PER LITER EXCEPT AS
the North Shore area is illustrated by profiles of the Baptism and Poplar Rivers. The average gradient of = NOTED, OF WATER FROM SELECTED STREAMS AT BASE FLOW
the Baptism from headwaters to mouth is about 54 ft/mi(10 m/km), but the 3-mile reach above the mouth 66 | 04024200 | South Fork Nemadji River near Holyoke 9 4.51 60 9% ’
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WATER YEAR (OCTOBER-SEPTEMBER) STREAMS DRAINING THE WATERSHED CONTAIN SOFT TO MODERATELY HARD CALCIUM DA SRS TSR Spetiar, 158, . Eakethonks. 1955 e QA
MAGNESIUM BICARBONATE TYPE WATER WITH DISSOLVED-SOLIDS CONCENTRATIONS OF \"\’,o = N
o 90°00' LESS THAN 50 TO SLIGHTLY MORE THAN 100 MILLIGRAMS PER LITER.—The low mineralization 2
: B s of base flow (contributed from ground water), especially in streams in the North Shore area, reflects the N
1000 = I I | | T T ] | I | I Tl el Taslse] diad T T T T 1T T 17 [ T = € Vi 89°30° crystalline-rock environment. Dissolved-solids concentrations in stream water are low except in the b
- Poplar River at Lutsen Average discharge 103 f"/s (2.92 m?/s) 33 years (191217, 1928-47, 1952-61) = R} i - southern part of the North Shore area and in the central Nemadiji Basin, where glacial lake deposits provide
— I D, e et Ao 48°00" a source for calcium and bicarbonate.
_E0 % 7 . e Dissolved-iron concentration exceeds the 0.3 mg/L recommended limit (U.S. Public Health Service,
5 = wi % N i 85°30 1962) in many of the streams.  Dissolved iron is related to organic material that also imparts a brown color
o % I r g 8 to the water. Thus, water with color generally contains high concentrations of iron also. P
E 8 '\ A A | ) ] _A i § 7 Calcium, magnesium, and bicarbonate are the principal ions in streams of the watershed. Other ions
T 100 (= ; ’ : \ \ 5 are generally found in only small concentrations. Base from U.S. Geological Survey, 1:24,000, EXPLANATION
D = . . I~ aod According to data from the Minnesota Pollution Control Agency, (written commun., 1974) erosive lake Good Harbor Bay, 1958, and Grand Marais, 1960
e o — ‘ ) clays in the central Nemadji Basin yield excessive amounts of silt to streams that produce average turbidities
<Z( = . | =1 5 ot in excess of 30 Jackson units.  Turbidity in streams draining the less-extensive lake deposits in the North Flood bo o d-a
g i s 4 r s 2 ) Shore area seldom exceeds 10 units. In the northern part of the area, where lake clays are absent, ; yncary .
e s : . ~ > S B crana marais turbidity seldom exceeds 2 units. Estimated frorr? profiles based on hlgh-u.)ater marks
- % B TO Teraca Pt and regional stage-frequency relations.
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—e— SPECIFIC CONDUCTANCE IS DIRECTLY RELATED TO DISSOLVED-SOLIDS
THE STREAMFLOW HYDROGRAPHS SHOW THE MONTHLY-MEAN DISCHARGES BY WATER YEAR eltandrain. Onthe Bapti i -maxi 4 i Watershed bounda CONCENTRATION AND HARDNESS IN SURFACE WATER OF THE
;r;otym i nA rain i n the Baptism River, forexample, the annual-maximum monfhly mean dxscharge occurred R4 WATERSHED.—Dissolved solids and hardness of surface water can be estimated b MOST FLOOD PROBLEMS IN THE WATERSHED ARE CONFINED TO HEAVILY POPULATED AREAS.—The Maps of the flood-prone areas in Grand Marais, Two Harbors, along the Nemadiji River, and in Duluth show
(OCTOBER 1 TO SEPTEMBER 30) FOR POPLAR, PIGEON, AND BAPTISM RIVERS.—Streamflow fluctuated times in April and 19 times in May. The annual-maximum monthly-mean discharge on the Pigeon River . ‘ Y . . Sy ? : ! ’ -
. g T s = T occurred 20 times in April, 26 timesin May, and 2 timesinJune.  The maximum-monthly mean discharges for the measuring specific conductance and estimating dissolved solids and hardness from Duluth area probably experiences the most severe flooding. When the level of Lake Superior is high, sustained estimates of the area inundated by the 100-year flood. ~ Floods higher than those shown may accur infrequently.
during the year in response to the annual-climatic cycle and from year to year because of variations in prectpxtatto.n pebld of vecurd oo 0 1 950 on the Pigeon and Baptism Rivers and in 1956 on t hge Pl 0 10 20 30 40 50 MILES the graphs. Examples show that water with a conductivity of 150 micromhos per strong northeasterly winds temporarily raise lake levels at Duluth and flood low-lying areas adjacent to the More detailed information on flooding in these and other areas of the watershed, including Lake Superior, can
and temperature. The annual-maximum monthly-mean discharge for all three rivers has always occurred in River. Minimum-monthly-mean discharges of record were in 1913 on the Poplar, 1940 on the Baptism, and } ey | | . | | | ‘ L i lI centimeter at 25° Celsius will contain about 90 mg/L of dissolved solids and have a lake. Duluth also has storm runoff probllems dunng short m;enselrams because of steep topography, inadequate Zer;btaged flmm the U‘% ﬁnm;’Corps o;;llfngl.neers, fhe us. geolgglcal Survey, the Department of Housing and
April, May, or June. Most of the monthly maximums were in April or May and resulted from runoff from 1968 on the Pigeon River. 0 10 2 30 40 50 60 70 80 KILOMETERS hardness of about 70, expressed as milligrams per liter of calcium carbonate. storm sewers, and constriction of natural stream channels by culverts. an Development and, locally, from the city engineer of the city concerned.
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