
This document is made available electronically by the Minnesota Legislative Reference Library 
as part of an ongoing digital archiving project. http://www.leg.state.mn.us/lrl/lrl.asp 

HYDROLOGY AnD GROUND-HATER QUALI'~'~:

OF THE COPPER-NICKEL STUDY REGION

NORTHEASTERN MINNESOTA

By Donald I. Siegel and Donald W~ Ericson

_.__._--~------- ---'

u.s~ C:OLOGICAL SURVEY

Water-Resources Investigations 78-'

Open-File Report

Prepared in cooperation with

Minnesota Cnvironmental Quality Board

Copper-Nickel Study Staff.

1
L-{



I·

UNITED STATES DEPARTMENT OF THE INTERIOR

CECIL D. ANDRUS, Secretary

G~OLOGICAL SURVEY

H. William Menard, Director

Open-File Report

For add i t ionali nf 0 r'~ a t ion H r i t e to:

u.s. Geolopical Survey
702 Post Office Euilding
St. Paul, Minnesota 55101



CON"l'ENTS

Introduction • • • • 0 • • • • • • • • • • • 0 • • • • ....................
Page

9

....~ ..
···-··--"'fl.

Ground~ater G • ••••••• ••••• c e ~ •••••• a • n •• e _ ••••••••• 12

Occurrence, movement, and '8hanges in storage. 12

Surficial deposits 12

Bedrock aquifers ••••• ~ ••••••••••••••••••••• llt •• \l ••• 27

Hydrologic budget ....... 0 . 31

Quality of ground water .•.•.•• o ~ 58

41

73

93

91

85

35

48

54

62

84

.. ., .

••••••• It ••••••••

. " .. ., .

.. ~ .

• • • • • • e • • • • • • • • • • • • • • • • • • • • • • • ~

fiO •••• OfJ •••••••••••••••••• " ••• ".

e ••••••• oc.e ••••••••••••••••••••••

• • Q • • • • • 4 • G • ~ e 4 0 • • • ~ 9 • • •

.......... ~ .., .

use " ..

••••••••••••• eo •••• e. •••••••••••••••••••••••••

water

Well yields by physiographic areas

Additional water use

Surficial aquifers

\>1ate r qua 1 i t y

Bedrock aquifers

Ground

Water use

Potential impacts of mining on the hydrologic system

.. ---------.-.-- Nine dewa tering--. -.-.

References ...... ~ ..... ~ . ...... ., • III • I) ••••••••••••••• 96

3

,
I
j

\,..~. ,# I .... ~l.J "I ..~, ,".\r'<I"". :p, ·1··~.fYI·' '-t·..."l .,."" t' -,.,.,



ILLUST:::ATIO~':S

Page

Figure 1. Location of copper-nickel mining region

in Minnesot.;l ••••• q.."' "!"~. 10

2. Physiographic areas of the copper-nickel

study region (from plate 2) •••••••••••••• 16

3. Water table hydrographs in till aqu~f2rs

monthly precipitation (1956-1974) at

Babbitt, Minnesota .•••.•••••••..•••.••.•• 24

4. Water table hydrographs in sa~d and g~ave~

aquifers and cumulative departure curve

from mean monthly precipitation (1956-

1971~) at Babbi t t, Minnesota ••••••••..•.•• 25

5. Graph showing relationsnip between depth

of observation well and lag time in water-

level response to major trends in cumula-

tive departure from normal ~recipitation

.....t ••••••••••••••••••••••

at Babbitt, Minnesota for 1976-1977 (curve

visually dr'awn)

6. Stream gages and precipitation stations

for the Kawishiwi River watershed above

Winton and St. Louis River wa tershed neat'

26

Aurora 32



ILLUSTRAT~ONS--Continued

Page

Figure 7. Estimated average yields of wells in

surficial aquifers ~ 36

8. _Physiographic are3.S of the copper-Lickel

study region (from plate 2) 00... 42

9. Locations of water use given in plate .a.~. 50

10. Total water use expressed as cumulative

!; ~ :' (: -3 n :, a s: c ~......... ~ ." .. .. " • " ., • • • G • .. • ~ • • • .. .. .. - .... 51

11~ Surface y~ter use expressed as cum~lative

percent25.?;e ., " w. • .. • .. • 53

Diagrams illustrating concentration ranges

and medians for major dissolved constituents

in ground water. Median concentrations are

for the single sampling during February,

12.

13.

1 11 •

15.

Ground ~ater uee expressed as cumulative

percentage •• ,." " '>

Total water use, 1971-76 by major use

(exclUding hydroelectric & thermoelectric

power generation) to ·

Wells sampled for chemical analysis

1976' •.••.. lD •• e •••••••· ••• o -a ••• •••••

55

57

59

64

16. Piper plot and individual semi-logarith8ic

plots of ground-water chemistry for major

surficial aquifer types •.... ~ .. ~ 67

5



ILLUSTRATIONS--Continued

Page

Figure 17. Ge~eralized nickel distribution in

surficiil aquifers (data from 10-76

or ~-76 sampling) ..•.••.••. _••• e •• ~ •••••• 74

18. Generalized copper distribution in

surficial aquifers (ddta from 10-'i6

or 4-76 saC1pling) 75

major cons~ituents of gro~nd water from

Duluth C<)mplex and Giants R~i.(lge Gra.ni te 78

20. Piper plot and individual semi-logarith~io

plots of major co~stituents of ground

water from the Biwabik Iron-formation

and the Virginia Argilli te 8a

21. Graph showing relation between specific

conductivity ~nd selected constituent~

in grouDd water collected from the Copper­

Nickel Study Area •.•.......••.••.....•... 82

22. Hypothetical mining areas and mine sites

(from data supplied by the Regional

Copper-Nickel Study Staff) 89

23. Distance-drawdown curves for a well pu~p-

ing from the aquifer underlying the

Embarrass River II ".. 92



TABLES

Table 1. Approximate annual-water bUdfets for the

Kawishiwi River watershed above Winto~

and the St. Louis River watershed above

Aurora 34

2. Geologic units anj their lithologic and

~ate r - bea r i i: ~. c ha r a (,>3 r ~_ s tic s '3 7

3. Specific capacities for wells in sand and

gravel aquifers .•..•.•....• ~ ....•.....••.. 39

4. Specific capacities for'some wells com~~et2d

in bedrock ' Ii • • • • • • • • • • • • • .. • 40

5. Ground-water availability by physiographic

area.s 0........................ 43

6. Summary statistics for ground-water quality

from surficial materials, sampled during

winter 1976. Concentrations in milligrams

per liter except when designated otherwise • 63

7. Summary statistics for ground-water quality

from surficial materials, sampled during

1976. Concentrations in milligrams per

liter except when designated otherwise •••• 70

7



TABLES--Continued

Page

Table 8. Summary statistics for selected trace and

minor metals in surfic~al aquifers (concen­

tration in micrograms per liter) ..•....... 72

9. Representative ground water analyses from

major bedrock types in the copper~nickel

study reglon ...•...•.•.•..••...•••.••.•••• 76

open-pit Elir-:es ..............................

8



INTRODUCTION

Mining of low-grade copper-nickel ore in the Duluth

Complex of northeastern Minnesota has been proposed by

mining companies at several sites near the Boundary Waters

Canoe Area (BWCA), a Federally designated wilderness area.

A regional environmental impact study of the E~fect of

proposed underground and open-pit mines on tte asscciated

physical, cultural, and economical aspects of the area is

~{;quired by the State of ~1innesot3.~ ts pa{-~ 0"- :.:;'..: 2:1­

vironmental i~P2Ct study, ~his report and a co~p2cion

report on the physiography and surfi~ial geolo~y of the

region (Olcott and Siegel, 1978) summarize the study dur­

ing 1975-78 by the UQS. Geological Survey in cooperation

with the Minnesota Environmental Quality Board (M~QB),

Regional Copper-Rickel Study Staff, and the Minnesota

Department of Natural Resources.

The Copper-Nickel Study Region is centered on about

40 miles of the lower contact of the D~luth Complex be­

tween Hoyt Lakes and the Eorder of the B\~Cf~ (fig. 1). It

Fi~ure 1.--Near here

includes 1,400 square miles in parts of St. Louis and Lake

Counties about 60 miles north of Duluth and 100 miles

southeast of International Falls, Minn.
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The purpose of this study was to determine the location

and extent of aquifers in the region; the occur~ence and

movement of ground water, including the sources of rech2~ge

and areas of discharge; the chemical quality of the grcund

water; the amount of water available from storage in the

various aquifers; surface-water resources and flow charac­

teristics; and potential impacts of mining on tte hydrologic

system. Combined with the companion report (Olcott and

ba~·2line data nec.'::ssary 'for evaluation of postdevelcpment­

hydrologic chan[es~

The information presented was developed from legs of

wells and core haleSt U.S. Geological Survey topogra~hi~

maps) field Observations, test augering, and literature

perta~ning to the geology or water resources of the region.

Water samples were collected and analysed from U48. Geological

Survey and DoS. Forest-Service wells, other data were ob­

tained from files of the Minnesota Department of Health,

U.S. Geological Survey, U~S. Forest Service, and private

s·ources.
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GRGJND WP..2'ER

9ccurrence..1 Movement,. af)d Changes in Stortige

Su.rficial deposi t2

Ground water in the unconsolidated surficial deposits,

which consist of sand and gravel, ti~l, and peat, g0nerally

occurs under unconfined conditions. Confined to partially

confi ~ed corlj i t. ion s . re suI t 5_D g fr :>::: Le t:2 r:)gen e 0 ~s s tra t i g r'.:lph y

of the surficial sedi~~nts cccur

western part of the regiol~ wtere clay-rich till of the Dss

Moinez Lobe oYe~lies older sand and bravel deposits (Maclay,

1966) •

The ground water moves slowly through the aquifers from

areas of recharge to areas of discharge. The rate of movement

is determined by the hydraulic conductivity of material ~hrough

which it ~oves, and the hydraulic gradie~t (slope) of the water

table or potentiometric surface.
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Hydraulic conductivities (K) vary for surficial

materials in the region depending on the particle-size

distribution and degree of stratification. From labora-

tory experiments, Stark (1977) estimated h~draulic C0n-

ductiviti0s from 0.4 to 362 ft/d for 12 samples of sand

and g 1"'avel & ~1 d f :(' a m 0 .. 0 4 t 0 6 .. 7 f tid for 12 sampIe s 0 f

Rainy Lobe till.. For this study, hydraulic condl!ctivities

calculated from particle-size distributions (Krumbein and

:; ~; : ~ :> \ '-'. ~:;. ~.-. ".: ';. ~<::;'" .; .~-" c· .." :.::,:>;.,.> ", ;.• -: t~ ~a 'P ,.. .. -:• .". -r .) ) \..- ... J __ ,.--.. v .~ .•_ .,... .::> ... _•.' ,__ ~... <:'" • u e J. v c: ....

0.004 to 15.5 ft/d; while hyjra~lic conductivitie~ c21cu-

la~ed for 4 samples of Rainy Lobe till ranged from 2.1 x

10-5 to 0.13 ft/d.

Results from seven aquifer tests in the sandy drift in

the Dunka River basin had hydraulic conductivity values that

ranged from 0.6 to 16 ftld (Erskine, 1975). From the2e data

and other data in Minnesota for comparable sediment types,

estimated hydraulic-conductivities in the region range from

about 10 to 3,500 ftld for sand and iravel deposits, 0.01

to about 30 ftld for till deposited ty the Rainy Lot2, and

. 10-5 to 10- 1 ft/d for till .r:leposited by the Des Haines Lobe

and peat.

13



The saturated thickness of surficial aquifers is de­

pendent on the position of the water table, which may be

considered a subdued replica of the topographic surface.

For sand 2nd gravel or till aquifers, the water table is·

generally deeper under topographically high areas than

under topographically low areas underlain by siffiilar material.

In the topographic lows and wetland areas, the water table

is us~ally ne2~ or at the surfacs~

The hydraulic gradient for surficial aquifers can b8

determined froD the contour map (pl. 4) of the generalized

water tablew Ground-water divides on the water table under­

lie topographic highs and approxi~ately coincide with them,

and generally delineate local ground-water flow s~1~~ms in

the glacial drift.

l~



Within the physiographic areas (figo 2), which are de-

tigure 2.-~Near here

fined by Olcott and Siegel (1978), the hydraulic gradic~ts

can vary considerably. The most extreme range of hydraulic

gradient is in the Embarrass Mou~tains-Taconite Mining

Physiographic Area, which has a steep topography 2nd a

Mountains. Gradients r2nge from 640 ft/mi for short ~is-

tances at the n~;·:... theastern end of the Embarrass Moun tains

to less than S fttmi in wetlands in. the center of the arc::a.

Gradients in the Drumlin-Bog, Shallow Bedrock-Moraine,

and Outwash-Moraine Compl2x P~ysiographic Areas generally

range from 10 to 80 ft/mi, but along the flanks Qf larger

drumlins and topographic ridges gradients can exceed 350

ft/mi for short distances~ Gradients in the Seven Beaver-

Sand Lake Wetland and Aurora-Markham Till Plain Phys~ographic

Areas are generally less than 40 ft/mi.



Figure 2 Physiographic areas of the Copper­

Nl~kBl Study Region (from plate 2)
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Ground-water flow is perpendicular to the water table

contours and occurs within local ground-water flow systems

that are defined by stratigraphy and topography. The length

of flow paths from subbasin divides to streams, lakes, and

wetlands generally are 1 to 2 miles. The local flow systems

are interconnected such that the regional ground-water

movement is northward from the Laurentian Divide to the

KawishiwiRiver system and w9stward and southwestward to

the St. Louis ~i~er. Ground-J~ter moves locally from bas~~

and subbasin divides to streams, lakes, and wetla1ds where

it is discharged.

In the Shallow Bed~ock-Moraine and Outwash-Mor~~ne

Complex Physiographic Areas, ground-water movement is

toward the Stony. and Kawishiwi ~iver systems. Mov~ment

is generally very slow both because the till and peat

are relatively impermeable, and because the flow system

in the-~urficial mate~ials is disrupted by bedrock out­

crop. Ground-water velocity through sand and gravel is

.higher, but the volume of flow is limited because the

saturated thicknes3 is generally less then 10 feet. Ground­

water move~ent is toward the larger streams and lakes in

the Drumlin-Bog and Seven Beaver-Sand Lake Physiographic

Areas.

17



Ground water within the Toimi Drumlin field generally

moves perpendicular to the NE-SW strike of the drumli~s.

Movement within wetlands that are inte~spersej between the

. drumlins and associated with the Seven Beaver-Sand Lake

Wetland Area follows the trends of surface water drainage

toward the southward flowing Whiteface, Cloquet, and St.

Louis Rivers.

The ground-water systems within the sand &nd ;ravel

deposi t~~ l~~·l1.ich U:10 e r Ii e t.:'! (; Embarrass -Dunka ni ve rs S2.n.j

Plain Area h~ve boundaries well delineated by till snd

moraines. and the Embarrass Mountain~. Ground-water moves

from these areas toward the Embarrass and Dunka Rivers.

Once in the sand and gravel deposits, moveffi~nt is probably

'rapid because of high hydraulic conductivities.

18
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Recharge to ground water in the surficial deposits

mostly is directly from precipitation. Part of the water

that falls on the eartn is returned to the atmo'sphere by

evaporation, part runs off to streams, and a part infiltrates

into the ground. Infiltration rates are greatest in the

Embarrass and Dunka River basins, which are underlain by

permeable sand and gravel deposi ts and least in the wetlar;ti

areas which are always saturated near the land surface.

Reoharge to surficial aqui~ers from unde~lying ~c~rc~k

aquifers is not important because the xajor bedrock uni:s

are relatively i~permeable. However,in the southern p~~t

~f the study region near Aurora, se~i-confined sand and

gravel-aquifers may locally discharge ground water to over­

lying aquifers where confining beds are disccntinuous, and

seepage from the Whitewater Reservoir at high stage arti­

ficially recharges adjacent sand and gravel aquifers.

19



Ground water discharges to streams, lakes, and wetlands~

On a local scale, the amount of g~o~nd-water discharge depends

on the hydrologic head distribution within local flow systems,

the thickness ~f the aquifer and the hydraulic conducti~iti~s

of the aquifer material. Ground-water discharge is greatest

in those areas having high hydraulic gradients and hydraulic

conductiviti83.

contribL::>~s a sL~,~l part to the yearly ;;;·~~rf,::.ce·-H&t2~' :.~:L:;­

charge. For example, du~ing 1976, a year of low rainf211 5

ground-water discl:arge maintained base flow in the .large

streams but contributed less than 10 percent of the tot31

surface-water discharge during the year. Because part0 of

their wa terst~ds . eIre !.;nderlain by sand .:-:nd gravel dc~)osits 1

the Partridge, D~nka, and Embarrass Rivers probably receive

more ground-water discharge than the South Kawistliwi River

and Stony Rivers.

20
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Due to continually changing iron-mininf activities,

which include diversions for iron-ore processing and

dewatering of mine pits, the base flow of the Dunka and

Partridge Rivers attributable to ground-water discharge

during low-flow conditions can not be adequately estimated.

Base flow measured on August 8, 1976 for the Embarrass

River near Embarrass was 1.76 ft 3/s.

Springs discharge from sand and gravel filled channels

with:n the RaillY Lobe dr'ift that are' exposed on' the wCilld

of the c~Bn-pit mine nortt of the Dunka River (pl. ) •
.

Hydrac~ic conductivities of ~hese deposits may be as much

as 16 ft/d. Low-flow measurements indicate that flow from

the Dl~nka Ri ver, \-lhieh is loe~ ted ;,'.bout 100 feet from the

mine wall, is being diverted through the ground-water

system to these s~rings. Low-flow measurements of the

Dunka River above and below the mine area indicated that

about .1.5 .ft3/swas.. moving from· the river to· the mine

in late August 1977.

21



Depending on the water elevation, seepage from

Whiteface Reservoir ranges from less than 1 to 10 million

gall;ns per day to the Partridge and St. Louis Rivers

through sp~ings and sand and gravel deposits. Ground

water seeps from a bulk-sam~le excavation site at about

0.33 gal/min in the Filson Creek basin (T.61 N~, R.12 W.,

se·>J.3).

22



Changes in storage within the surficial aquifers are

ref1e c ted by the vIate r - tab1e hy dr 0g rap hs (fi g s" .3 an G 4)' f" r

Figures 3 and 4.--Near here

observation \>lells moni tored from 19'7 5 thr·)t~·~h spring 1978!'

The hydrographs show that the water table fluctuated pa~21-

leI with and as much as 1 to ~-1/2 months behind major t:'ends

in the cumulative departu:ce from rc«),n monthly .p::'"'ec::,:;;~.tation

a s r e cor d e d 2. t :3 2 t j itt ~ !;:.; c: t wee n 195 6 t h r'~<~g h 1974 ( f::' g • 5).

Figure 5.--Near h~re

------------ -----_.-:---_._-_.•..

The water-table decline. during the drought from spring 1976

. to summer 1977 averaged 4.3 feet for sand and grnvel aquifer3

to a bout 6 fee t for t i 11 a qui fer s • The grea t e r wa t e ::~ - t ~~ b1e

decline in till aquifer'~ reflects the lower storage in the

till as compared to sand and gravel. Because of this lower

storage, till aquifers respond more quickly to recharge

events or water-table decline due to drought conditions~
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Bedrock aquifers

Ground water in the bedrock occurs in secondary openings

such as joints, fractures, and leached zones. The bedrock

generally has extremely low primary hydraulic concuctivity

and yields little or no water unless secondary openings exist.

The major fracture and joint systeos in part of the

mining area have been capped ~Cooper, 1978). These open-

extensive in the upper 20~ to 300 feet of the rock unics.

The fract ures in the l!pp'er part are int 8rc cnnected a~d

provide local secondary permeability.

Large quantities of ground water occur in the Biwablc

Iron-formation in its area of outcrop. Oxidation and

hydra tion of taconi te minerals, coupled wi th leachir:g, bave

produced .extensive secondary porosity as high as 50 percent

(Cot ter-- and -others ,-1-965).
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N~ar surface bedrock aquifers are under unconfined con-

ditions except where overlain by dr~ft with low permeability.

The deeper aquifers tend to be under confined conditions.

For example, several core holes that penetrate through the

Duluth Complex and into the underlying Biwabik Iren-Formation

at the Amax Mining Company ~haft site, (T.60 N., R.12 W.,

sec8.28,29) flow at land surf2ce.

through f~ac~~res and joints. N2ar the surface, ~ater :n

the fractures. is hydraulically co~nected with o?erlyi~z

surficial aquifers and water movement is coincident with

local gradients on the w2ter table. RegioDally, ground

water probably migrates very slowly through deep fractures

toward the main drainages. Highly mineralized water en-

countered in a fracture at a depth of about 1,400 feet in

the Duluth Gabbro Complex (Halcclm, written commun., 1976)

indicates that water lo~ally is trapped in small deep-

seated fracture systems.
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Recharge to the bedrock aquifers is fro~ leakage from

overlying surficial aquifers and infiltration of precipi­

tation in outcrop areas. The flowi0~ wells of the Biwabik

Iron-formation are recharged by rain and snowmelt in the

outcrop area.

The extent of ground-water discharge from bedrock

aquifers is unknown, but probably is minimal due to the

limited areal extent of fractures and other secondary

per=eability. G~ound water d1scharie from bed~0ck 02CU~S

in the taconite mines. For example, discharge from the

Biwabik Iron-Formation and surficial aquifers, has crea~~d

a small lake in an abandoned open-pi t mine near ALl~"ora

and in other abandoned mines in the Iron Rang~.
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T nf0rrnation on water-level fluctuations for bedrock

wells is limi ted. Stark (i 977) reports a 1 t,o 1-1/2-month

delay in water level response to precipitation events for

a bedrock test hole in the Duluth Complex during 1975.

However, since the test hole was uncased, the water level

was probably a composite 0f both' the potentiometric surface

in the bedrock, if present, and unconfined conditions within

the overlying surficial sediments~

similaTil~ to water-table fluctuations where commuuicat:un

ex i s t s ~:.::: t t.: een b r:::i rock and ,s i1 r fie i a1 a qui fer s •
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HYDROLOGIC BUDGET

Nearly identical annual hydrologic budgets (table )

for the Kawishiwi River watershed abGve Winton and the St.

Louis River watershed above Aurora (fig. 6) ·suggest that

Figure 6.--Near here

hydrogeologic conditions in the two areas are sirnilar~ The

present a representative ~utline of water gain, ~~or2ge,

..
and 10s8 for the watersheds. Components considered in the

wate~ bUdget are given in the following equation:

Precipit~tion.= runoff + evapotranspiration +

underflow + changes in storage

On a long term basis, underflow and changes in stor&ge

can be assumed to be negligable (Lindholm and others, 1978).

There are no known cases of underflow in these watershejs.

However j a small amount of water may be moving in river al-

luvium or through bedro~k across basin boundaries. Although

changes in ground-water storage occur continuously, over

a long period of tine increases in storage t~~d to equal

decreases in storage and the net change ~s zero.
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Average annual precipitatio~ for the watersheds is

based on an average of 22 years of record, 1955-76, at

Babbitt and Whitef~ce Reservoir. Average annual runoff

is based on gaging station records (1955-76) at Winton and

near Aurord.

Actual evapotranspiration was calculated as a resid~al

value, and potential evapotranspiration for B2bbitt h2S

calcGlated using t~e Thornthwaithe equation (Gray, 1970).

compares to residu3l values of 18.1 inchBs for the Kawishiwi

watershed~nd 17.6 inches for the St. Louis watershed. Eoth

wat~rsheds have similar vegetation and are underlain by

similar types of drift. Runoff per square mile of watersbed

is nearly identical (table 1).

Table 1.--Near here
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Tnblel. Approy.imate annual-Water Bud~ets for the KBWishiwi River watersh~d above ~irlton and the
St. Louis River watershed above Aurora

Precipitation, Runoff,
..

~~apotranspiration. Underflo~ and chan~e

in inchi's in inches in inches In £:;torage, in inchee
Kawishiwi River 27.6 9.4 18.1 0

St. Louis River 27.2
;

9.6 17.6 0
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Availability------

The availability of ground wa~er in this thin drift­

crystalline bedrock region is highly variable (fig~ 7)

Figure 7.--Near h8re

and, except in a few areas, only small quantities can be

obtained. Small water supplies of 1 to 5 gal/min are

obtained over most of the area from shallow dug wells in

face. Although vulne~able to drought, these supplies a~e

adequate for domestic u~e most of the time. Similar small

supplies are obtained from wells drilled into crystalline

bedrock but many of the' at temped weJ Is are (iry. The U. S .

. Forest Service, with adequate exploration and development

proceedures, obtains as much ai 30 fal/min from several

wells in camp and picnic grounds. Outwash and ice-contact

sand and gravel deposits, depending on extent and saturated

thic-kness, yie--ld frop.} less than 5 to about 1,000 gal/8in

to properly constructed wells. The Biwabik Iron-Formation

in its area of outcrop also yields as much as 1,000 gal/min

to wells. The lithologic and water-bearing characteristics

of the geolog~c units in the region is summarized in table 2.

Table 2~--Near here
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Specific capa6ity, (well yield per foot of dra~down

in wa t e r 1 eve 1 ) of ,~\ e11sin the reg i on i s g i ve n in tab 1 e s

3 and 4. The values are an indication of the ~aximum

Tables = and 4.--Near here

potential yields of wells. For ideal conditions, doubling

the yield of a well will double the drawdown. Spe:ific

capacities for wells in sand.and gravel deposits r~nge fro~

0.03 to 38 cal pe~ min per ft and in bedrock from 0.02 to

0.11 gal per min per ft. Wells in the Biwabik Iron-For~aticn,

wher~ fraotu~ed and leached, have specific capacities of

0.24 to 13.
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Table_L.. --Specific capac! ties for wells in S'l"\.~ (.r, ~ :;~ .,f.' . aqui [ers

-
J'~ ( \ Pumping Specific
Depth Diameter period carl3Ci t·..., -J

t·}c l-l locations {r) feet) (In inches) Ci rL ,. .).)( S ) . ~rJ ~(£.)l/min)/ft)

56-J.4-17cda 90 6 8 0.19
56-14-17cdc 80 6 8 0.03
56-14-20bc.b 35 6 8 1.88
57-12-31baa 70 6 8 0.05

--57-14-8 bn 37 6 8 0.32
57-15-22cdb 80 4 24 0.57
58-15-3 bcc 7a ,6 ~ ""J -:

"" ..:'" .....

58-1~-3 L~:(:: /;J 6 10 23

58-15-~ cila 35 ':) .5 7.1
59-10- '~:~db 48 6 {) o.,J,:'
59-15-31dac 64 18 1 ~~ESk. T~

60-9-13 aab
:-

23 7 8 11

60-9-27 bac 78 6 8 0.25
60-9-27 C..:C 30 6 8 10
60-10-21bbb 49 6 8 7.5
60-10-36~ab 28 6 i"\ ; &.."
60-1.2-.:> baa2 13 12 4 4.0
60-13-'1 babl 138 26 8 38.
50-13-1 bab3 J28 12 8 13 .. _
60-13-1 bab4 157 16 11.5 5.9

. 60-13-1 bb~ 67 2t~ 10 19..
61-14-2 db 40 20 4 30
61-14-4 cca 98 20 4 13.
63-11-31aac 16 24 1 10
63-13-27acc 70 6 12 1
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Table L.--Specific C<l?3cit.:LCB fo:'/ Wells Completed in Redrock

Watcr-bcarir.g un! t Well location Pumping period
(i.n n.~,'r:.)

Depth
(in feet)

Specifi~ Capac~ty

( (gall ;,:5 n) / f t)______o~_~ ~__.. , . ~_

TIl" s:J~' c..: _
Iron-FOrInatioa

58-15-3 cca2 6 455 3.0

59o-15-26dbc 24 299 0 .. 24

59-15-2~~dto:
' 'r~ 398 0.257':1.

60-12-17aad ',AO 1J.0 6.55

------.----_.,---__• 0••__----_-_~ , ... '_.o_
Glent;:: Itao6e
Gr.anit:e

Duluth
Complex

59-14-2 ;>dcc

,6l-1l-19.bc:c

61-11-34bbc

\".8 197

J.25

225

0.03

0.11

0.02

o •

.--~---,~------ ­._... ---~---_._---_._._-- _.--.--

,...
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Tahlel.. ··-Speclfic cRpacities for wells ira 5',';' (' .... ~ ~,'j ." ..' • aqlil fers

...._-_.-
j t~ ,\ Pumping Spe~ific

Depth Diameter period capaci t'-j ...
l~cll locations '~.(r) feet) ( 'fl inches) ( I n. ':) 'J(';' ) . ~r, [(g~l/ITl.lr:)/ftJ

56-14-17cda 90 6' 8 0.19
·v

\
" 56-14-17cdc 80 6 8 0.03

55-14-2Gb.:b 35 6 8 1.88
57-12-31baa 70 6 8 0.05

- 57··14-) ba '\'.1' .!: B~• .l' ,~. 0.32
, .'

s:~ -;. 5-22c;1b 8J s 24 0 ..57~;, q

53-15-3 :'c~ 70 6 3 25
58-15-3 bee 70 6 10 23

58-15-~ dba 35 oj c:; 7.1.....
59-10-',5.:.-db 48 6 6 o.1/~

59-15-31dac 64 18 1 ~eek 1~

60-t;-13 aab 23 7 8 11

60-9-27 bac 78 6 8 0.25
60-9':"27 cae 30 6 8 10
60-10-21bbb 49 6 8 7.5
60-10-36~ab 28 ' 6 '"' 18.u

60-1.2-.:> baa2 13 12 4 4.0
60-13-1 bab! 138 26 8 38.
50-13-1 bab3 328 12 8 13...-.60.-13-1 bab4 --T57 16 11.5 5,,9

..~. ______ 'bO-:1J-~ bha- 67 24 10 19.
61-14-2 db 40 20 4 30
61-14-4 cca 98 20 4 13.
63-11-31aac 16 24 1 10
63-13-27acc 70 6 12 ..
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Well yields by physiographic areas

In the following discussion, the physiographic areas

. (fig. 8) delineated in part 1 of this report (Olcott and

Figure 8.--Near here

Siegel, 1978) provide the framework for delineatio~ of grc_~.j-

water availability in the study region. Table 5 su~marizes

Table 5.--~ear here

ground-water availabili~y by physiographic areas.

The shallow bedrock-moraine ~rea is characterized by

numerous bedrock outcrops and thin drift. Unconsolidated

deposits, which are ge~erally less than 10 feet thick, consist

largely of ground moraine. Lenses of sand and [ravel occur

locally and a discontinuous clay layer, 1 to 3 feet thick,

overlies bedrock in topographically low areas.

Well yields in much of .the area are generally less than

10 gal/min because drift aquifers are thin and relatively

impermeable. Wells in fractured bedrock generally yield

1 to 5 gal/min.
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Tahle 5.--Ground-Water Availability by Physiographic Area

Physiographic area

Shu llcH.J bedrock­
mor'-linc' area

Water-bearing
units

till upon fractured
bedrock

General aquifer thickness
(in feet)

10 feet of till;
100 feet of bedrock

Estimated potential yields to well
(in gallons pe~ minute)

5

Drumlin-bog area

Embarrass-Dunka
Rivers sand
plain area

Out\vas h-moraine
complex area

Seven Beaver-Sand
Lake wetland
area

Aurora-Markham
till pl.ain
area

Embar r:1 :':, q

tOUT1L:! ins
t :11.-:: {I:; i I.t.'

r~itl';;'~' dCl'a

till, discontinuous
lenses of sand and

. gravel within till

sand and gravel

till, sand and gravel
lenses

till, sand and gravel
lenses

sand and gravel

Riv.'abik'Tron­
p(I nn<1 t i.t)n

50

50 to 200

15

15

50 to 150

BOO±

... .,
5

5 to 1.000

5 to 25

5 to 25

10 to 300

100 to 1,000
'"

'.

/

~~ It ~ ••

.... ;"

~-~



The Aurora-Markham Till Plain Area roughly coincides

with the area covered by red clayey till of the Des Moines

Lobe. The red clayey till was deposited on an older,

bouldery till that overlies the bedrock. Several broad

channels in the older bouldery till are filled witt as much

as 150 feet of outwash sand and gravel (Maclay, 1966).

The channels are confin8d by the overlying red claye}

till.

Outw::!sl--_..·· dp.pos~..L·ts 00.C- 1 Y\ be 4-Tlepn lIurora ~'1Ci' ;.'-,~ ~;":'Y"""::-;''''e_.... __ _ .. v ~ ,...; 1 it c. ... l.,ol .... c; I <.... V.L .l ... :;

River and ~may extend southward along the map boundary to. .

Loon Lake (Olcott and Siegel, 1978, pIs. 1 and 3). Yields

of wells should be about 100 gal/min where the squifer is

thickest. Aquifers in the shallow unconfined sand and gravel

deposits near the Partr~dge River and Second Creek a~d the

low terraces (sees. 1LJ, 21, and 22, T.58 N., R.15 W.) along

the St. ·Louis and Partridge Rivers may yield 1@@ t® 2®®

gal/min to wells (Maclay, 1966). Similar yield~ should be

available from sand and gravel deposits between Whitewater

and Colby Lakes and north and northeast of Colby Lake.

·~ \'

,
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Wells in the red clayey and bouldery tills northeast of

Aurora yield less than 5 gal/min. ~eep wells in fracture

zones in the Bi~abik Iron-FormatiJo near Aurora may yield

as much as 300 gal/mln~

The Drumlin-Bog and Seven Beaver-Sand Lake Areas

include the northern most extent of the Toiilli Drumlin Field

and the extensi7e wetlands ar9und Seven Beaver Lake. T~e

druQlins consist of 30 to 75 feet of co~r3cted (~~2yey till

that rests on bedrock4 Logs of t~st holes indicate that

the bog ar~as are typically underlain by 1 to 3 feet of

clay resting on bedrock, 2 to 6 feet of sand, and 10 to

15 feet of peat.

Thick buried sand and gravel lenses, which locally

may be present beneath bogs, could yield as much as 25

gal/min to wells for short periods. However, development

of wells for sustained yields may be limited by the amount

of-recharge that can occur through relatively impermeable

till and peat.



Except for small isolated eskers that consist of sand

and gravel, estimated maximum yields from wells in til~ and

bedrock are less than 5 gal/min. The esker deposi ts \.;hE ~'e

saturated may have sustained yields of up to.25 gal/min.

Ground water availability in the Outwash-Moraine Complex

Area is confined to the numerous small areas of sand and

gravel which are generally less than 15 feet thick. Thick

mcrainal deposits in tne area may contain lenses of sand

and gravel. ~hEre these lenses are confined by low ~:ermeat~~

a

till, rech~rge is decreased and the sustained yield 5,s limited.

Except for a few areas, yields to wells in these deposits

are estimated to be between 5 and· 25 gal/min.
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In the Embarrass Mountains-Taconite Mining Ar2d, rela-

tively small amounts of water are available from wells in

the drift, Pokeg~ma Quartzite, Virginia Argillite, Duluth

Complex, and Giants Range Granite. Yields are generally

less than 5 gal/min and are only useful for domestic sup-

plies. In the Biwabik Iron-Formation, ground-water avail-

ability is dependent upon local variations in porosity and

perm~ability. Where the taconite beds are fractured aLd

leached, porc~:t; is as

than 1,000 gal/min from wells are possible. Pr0jict~ ~n of

potenti-ll xields t1;; a particular- .locaticn in the Biwabik

I~on-Formation is not possible because of the wide variations

in secondary permeability such as frac~ures and leached zc~es.

Sand and gravel deposits in the Embarrass-Dunka Ri~ers

Sand Plain Area h27e the greatest potential for future ground-

water development of any aquifer in ;he study area. West

of Babbitt, -thicknesses in-~he Embarrass River Sand Plain

range fro~ less than 50 to more than 200 feet. Yields as

high as 1,000 gal/mi~ are possible from coarse gravel deposits.

Yields of 100 gal/min to wells are available froQ the thin

silt and sand deposits underlying. the Dunka ~iver basin.

~1
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Water-use data compiled for the study were obtained

from state, municipal, and priv~te sources. Appropriation

permits provided by the Minnesota Department of Natural

Resources were the main data source for water use appli­

cable to municipal supply systems, irrigation wells,

thermoelectric power generation, mine dewatering, and

ore ~)ro~:"essin:;. It was 2.ssumed that ::Jost of the wa tel"

remeved for mine operations was from gr0und-water storage

rather ·th~n from precipitation or surface-wat2r runoff.

Rural and other (tomestic nses Here estimated by IJulti­

plying an average per capita use of 75 gal/d by population

(1970 census) of individual townships and unorg2nized

territories. Water use by tourism was estimated by visitor

days per resort. Water use by hydroelectric generation

was obtained :rom U.S. Geological Survey records (1971-77).

Stock watering was estimated from estimated animal population

determined for parts of counties within the regicn.



"

Tota 1 wa t e r use was near1yeons tan t duri n g 19'7 'I c_ 75 ,

ranging from about 200 to 250 billion gallons per year.

During the drought of 1976) total water use dec~eased tc

170 billion gallons per yeare Data su~marizing water use

between 1971-76 is given in plate

water use are shown in figure 9.

Figure 9.--Near here

Locations of major

was related to hydroele8tric ~ower genera~ion at Winton

(fig. 10): A~other 17 to 30 percent was for therwoelec:r:~

Figure 10.--Near here

power generation at Colby Lake. During 1976, tc~al water use

for hydroelectric power generation decreased to 61 percent,

while water use for thermoelectr~ic power generation increased

to 30 percent of total water used. Less than 3 percent of

total water used during 1971-76 was for municipal, rural,

and irrigation needs, while mine dewatering accounted

for between 2 and 6 percent.

l!9



T to N

.~ :

50

I,'} '\

J .; :'.
" ...: ..

62 N

Hydroel~C1ric power generJ\!'Jn:

lhcrn;oclccl';c Jlo·.·.er gen'O:II():' ~::(,olil"'~}

Mine dcw~!ering ,

Mine proces::ing lind pO!3b;: .:.u~pI1



.'

197619751972 1973 1974

C ItL ~N DArR '{ E'irR

~

~-.....-.._~~_~J

...J 9C'
¢

t-
o

.}-

u..
0

80u
G

~

)~ ~..
7(.1 L

i
l:.l

IA.
&c1
?
H

601-
t-
<d:
-'
'::>
~

0
at

197~

..- ...
------_ -.. .....,..- .. ~. \

~1 •• ~

EXPLANATION

Mu~icipal,rural and irrigation
ntll~T-··l

lLL~LJ.l r.1ine processing

: :.. r\\.,\, \ ~, . \ ...

~

Mine de\'ratering

Thermo~~.:.:ct

Hydroelectric power production

1\

\
,
,{ ,,'

51



Surface-water Use

Almost all use of surface water u83ge is nonconsumptive,

mainly the generation of power (fig. 11). Between 1971-76

Figure 11. ·~-Near here

approximately 97 percent of surface-water use was by combin2d

hydroelectric and thermoelectric power generation at Winton

and less t~an 1 percent was used by the City of Ely for
~

municipal',supply.

The largest industrial user of surface water was Erie

Mining Co., which removed between 4 and 6 ~illion gallons

per year from Knox Creek and Whitewater Reservoir between

1971-76.

52



'''''11

~o
UI
1\
J'~,
~., '-:JJ
2..~
&U .
()'.:)

is!
~

0-

U
):4

P
<:
-.c
:;)

;t.

o
o I----.....J.---.-----J,. ~_.A........ .......L.. __J,, ...I....

1'172. 19,~ If7-1 /17.:f" '"1i"~

EXPLANATION

J f" ..

.. .~~'

':

MU~icipal supply

Mine processing

Thermoelectric and
hydroelectric power

,- production

,:i
' .

. .:..
I ).

,.. '....

M·~J"'(' 11. _-.4 SU:?" \b--(411

f4-~ t.b"v\-~

,..

• a (!. ...

'" , -
53



Ground-water Use

Between 1971-76, mine dewatering accounted·fo~ abo~t

95 percent of the total ground water used in the region

(fig. 12), or between 5 and 12 billion gallons per year.

Figure 12.--Near here

The combined ground-water u~e for municipal and rural supplies

usage. Abnut h&lf of this use, between 200 and 300 ~iJ.lion

gallons psr year, was withdrawn by the Village of Aurora

and th~ City of Babbitt.
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Ground-water use remained fairly constant during 1971-

76 (fig. 13). With additional mining operations and asso-

Figure 13.--Near here

eiated development, it is likely that ground-water use will

increase. However, it should be noted that although 8 new

taconite areas were opened by Erie Mining C? in 1974, total

long-term ground-water use did not appreciably increase

alth~'-16h t.ot2,1 use in 1974 nearly d~)ub.led 23 a teit:por2t·y

effect of~the new mine operations (fig2 13). Additional

mining operations associated with copper and nick~l

exploration and development may increase withdra~als of

. ground Hater by 10 to 20 percent if open-pi t opera tions

intersect thick ~aturated surficial sand and gravel aquifers

in the center of the Dunka River Basin or near the mouth

of the Partridge River. These withdrawals, mainly for

dewatering, would be nonconsurnptive use.

Projection of increased ground-water use by new and

expanded cities will depend upon population increases.

Due to limitations of ground-water availability, such use

will necessarily be confined to sand and gravel aquifer~

underlying the Embarrass and Dunka Rivers, and near the

mouth of the Partridge River.
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QUALITY OF GROUND WATER

Water samples w~re collected for chemical analysis

quarterly during 1976-77 from 12 observation wells ~inished

in glaciofluvial sarod and gravel, 11 wells finished in the

Rainy Lobe till, and 2 wells finished in peaty material.

An additional single sampling of the U.S. Forest Se~vicG

campground wells was a~jed during a drought period in

October 1976 when ground-water le~~:s were e~tr~~21y low.

This sampling in21uded 3 wells finished ~G s~n~ and g~~vel,

5 wells finished in Ra:Lny Lobe till, and 3 wells en the\\

Duluth Complex. Three other wells in the Duluth Complex

weresamp 1e d during 197 6• L 0 cat ion S 0 f sampIe G r",t ,-: 11sal'" e

given in figure 14.

Figure 14.--Near here

In order to relate geochemical variations with known

-- ---------- -----hydrologic-c-ondi tions--in the-- study region, in terpre ta tions

of ground-water quality generally were made using only the

U.S. Geological Survey analyses as publi~hed in the annu,~:l

report "Water Resources f-3.ta for Minnesota, Water Year 1976."

Not all wells could be sampled an equal numter of times

and not all analyses were complete. Interpretations of

ground-water quality were made using seasonal subsets of

the data.
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All samples collected during the study were analyzed

by U.88 Geological SUI~vey laboratories in Denver, Colo. and

Salt Lake City, Utah. Sampling procedures and analytical

methodology followed 'U.S. Geological Survey ?tandards, as

outlined by Brown, Skougstad, afJd Fishman (1970), with

modifications to ~;urrent technological precision and accuracy

for trace metals.

The chemical data were studied by standard gr~phic, and

:statistical proGedures. In the graphs t~at folIaI-:, '.he\

straight-l~ine rela tionships were compu :ed by the least-~i~uares

method. The correlation between variables, for which a line

of best fit (regression line) is ·presented, vias tested

statistically by the correlation coefficient~
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The significance of differences between mean values for

sample populations from surficial lithologies was evaluated

using the t-test at 0.05 level of significancee The t-test

was not applied to bedrock grou~d-water data because the

sample populations were deemed too small. Different water

types were identified by use of Piper and semilogarithmic

Water collected from w211 H2, which is finish2J in
\

till near the base of an ore-sample site in T.62 N.,R. 11 w.,
\

sec.25, h~d trace-metal concentrations considerably grdfter
I

than general background levels. These anomalously high/cor.-

centrations are the result of the weathering and oxidaticn

of sulfide minerals. Consequently, the ana:yses from this

well have been excluded from tte regional characterization

of ground water and will be treated separately in the section

on potential environmental impacts.
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SURFICIAL AQUIFERS

Summary statistics for major dissolved constituents

and other properties for samples collected by the U.S.

Geological Survey during winter 1976-77 are ·presented in

table 6. These samples were collected when ground-water

Table 6.--Near here

levels were declining and vler'e least affected b:; (: ':.lution

fron recharge. The conce~tration range of ths major \

diss 01 ved ..cons ti tuen ts tha t charac teri.ze ground wa ter i'.s
\

presented in figure 15 for all samples collected during'

1976-77.

Figure 15.--Near here

T-test results indicate that with the exception of

bicarbon~te, mean values of major dissolved constituents

are significantly higher for ground water from Rainy Lobe

till than in ground water from outwash sand and gravel

aquifers. Mean and median concentrations of the major

ions, specific conductivity, and hardness in water from

till aquifers are about tvlice that found in water from sand

and gravel aquifers.
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Table 6.--Sum~~ry statistics for grocnd-~ater quality (rom surficial
-'- ''fJ\r1'il'~ .

tV;; ;~rii:l.13t ::l<lmpled dur ng \ 976. Conc":.r~t;.:\tions

in r.<illigrams per liter except 'When designat.::l utherwise.

-

Con~tltucnt O~ Property --- SaMples from tin d.,:Ei.ifcrs -.... Samples from sand and gravel aquifers

Number }b::l": X~:\i- Mt:an l·ldian Number Na.x:i- Mini- }fean l-'..edian
sa.rnples mum mum .. salaples mum mum

.~ ....

Specific con':uctance (!1'.ll.hos)' 13 1150 144 435 285 15 487 55 200 172
pp'--_(~~Ll~~l---------~--_ 12 8.0 6.20 6.1 6.9 14 7.1 5.6 6.4 6.5

Ch~mic<11 Ox::gen D\:!m;tnd------ 4 870 40.0 435 115.0 5 310.0 0 123.4 63.0

Harrincs~ (Ca.Mg)------------ 13 637 6u.5 204 1~}.4 16 252.1 ~6.4 101. 9 70.3

Di;'$o:~ed Ca~~i~m----------- 13 1)0 4.6 47.0 26.0 . 16 58.0 6.1 20.7 15.1

DL:> solved :-~.1.~lj~";il:T;1--------- 13 :6 /_ 7.3 21.5 15.0 16 31.0 1.9 12.7 7.6

LiS';iol\-e:1 SOJill:'l------------ 13 18 2.1 9.0 7.40 16 7.3 1.4 3.5 3.3...
0'\ D:~~olved Po(~ssium--------- 13 9.3 0.1 3.1 2.4 lti 2..8 0.4 1.4 1.3
w

423~icarbor.ate----------------- 12 74 163 120.5 14 . 310.0 15 91 65.5

Dissolved S~li!de----------- 5 12.0 0.0 2.6 .34 5 .30 0 .12 .10

Sulf~te--------------------- 13 450 3.3 79:6 11.0 15 35.0 3.0 11.8 8.2.
C~lori~~-------------------- 13 35.0 0.6 5.6 1.5 15 18.0 .:to 5.1 2.3

S1 :i..i::::~---- . ----------------- 6 / 17.0 14.0 20.8 18.5 8 28.0 11.0 19.7 19.5

Solids (RI~S i':ue 3t 180°)---- 13 938 97 293 187 12 284 55 145 130.0

~arr3tG ph:s' nit .... ite-------- '13 11.0 .31 3.6 1.4 13 7.4 .74 4.0 3.1

Tct.J.l P[i.)::;?~OOrcu·.>----------- 6 .07 0 .01 0.0 0 ..
~issolved or~anlc carbon---- 10 41.0 2.1 20.5 17.6 12 26.0 .7 9.2 5.4

•
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Concentrations of many chemical constituents are

greater in till than in sand and g~avel aq~ifers. Silt

and finer-sized particles found in the till have large

surface area to volume ratios, which places large areas

of minerals in contact with the ground water and enhances

chemical reactions. In addition, till has a much lower

hydraulic conductivity than sand and gravel and the time

available for chemical reactions is at least an order of

magnitude greater because of the slow ground-w2ter mov~~~~t.

Wate~ in till is classified (Hem, 1972) as mode;~ately

hard to very hard, while water in sand and gravel a~uif2rs

is classified as modera~ely hard to hard.

During winter 1976,·the pH of water from sand and gravel

aquifers ranges from 5.8 to 7.i. The pH of water from Rainy

Lobe till ranges from 6.2 to 8.0. The lower range of pH

in water in sand and gravel reflects rapid recharge to the

aquffer from precipitation and a shorter time available

for chemical reactions.

The pH of water from observation wells H10 and H33,

which are finished in reed-sedge peat, ranged from 5.9

to 6.2.
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The Piper diagram (figs 16) shows that the samples

Figure 16.--Near here

collected from sand and gravel and from peat are a mixed

calcium-magnesium bicarbonate type, based on predominant

ions. This type of water is typical of ground waters

in contact with calcic igne9us minerals, as are found i~

the proposed mining area, and which have either a short

r~sidence time or ha~2 been colleoted in ~ rech~rge ~~~~~

Analyses plotted are of samples coll~cted duri~g su~m~r

1976, when ground-wat~r levels were d8cli~ing in respJnse

to drought conditions. Normal seasonal diff~rences

generally are not great enough to significantly alter the

plots if other analyses fro~ the same wells were plotted.
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Water collected fro~ wells in till can be classified

as either a calcium magnesium bicarbonate or calcium

. magnesium sulfate type, based on predominant ions. The

calcium magnesium sulfate water ~as colle~ted from wells

near the mineralized zone between the Duluth Complex and

the Giants Range Granite in the northern part of th0 study

region. Oxidation of sulfide minerals in the till accou~lts

for the increase in sulfate concentration found in this

The ~urves connecting the medi~n ~3lues for dissci.ved

solids on the semilogarithmic graphs (fig. ) illustfate

the overall chemical simil~rity between water from the sand

. and gr~vel and till aquifers. Median concentrations were

chosen so that the plots would· not be biased with extre~9

values. The parallelism of the curves suggests that chemical

reactions between surficial sediments and the ground water

..------. --are-generally the same. The slight separa tion between the

curves indicates longer residence time for water moving

through till. Consequently, water-quality differences in

surficial aquifers are more a matter of relative concen­

trations than of differences in specific ions~
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Mean values of the principal constituents in ground

water from till and from sand ~nd gravel aquifers do not

vary significantly between seasons. The semilogarithmic

plots illustrate the nearly identical concentrations between

the median values for the major parameters sampled during

both winter and spring.

Mean concentrations of· nitrate, total phosphorous, total

from sand and gravel. pe?~, and till are not 3ignif~c~Qtly

different~ Summary statistics for all samples colle~~Gd

from drift materials (t3ble 7), however, give order-of-

Table 7.--Near here

ciagnit~de ranges in the data, which reflect the diversity

of loc~l hydrochemical conditions and seasonal hydrologic

conditions.
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Table ~ .--Sur.trnllry statist ies for ground-water quality f::: 0[;1 eurficial
-- materials. shr'1pJed during 1976.' Concentrations

in milligrams per liter except when designated other'lJise •

Constituent or Property

-.J
o

Sy~cific co~Jcctance (c~hos)

pH_~j~iSJ225)_________ _ _

C~e~ic31 Oxygen De~anj-----­

Hardness (Ca.~3)-----------­

Dlsso1~ed Calciun-----------

Dissol~~d }~Jnesium---------

Dis301vcc SodluT.------------

~i$Svlv~c Pct3ssi~---------

Eicurbo~~t~-----------------

~iSSGlvcd Sulfide-----------

Sulfate--------------------­

Chlori~c--------------------

S:l!~~-------~-----·--------

301iJs (~~sidue at 1dOO)----

~itrate plu3 nitrite--------

To:~J p~o~ph0rous-----------

DL::so 1'.'cd o=b~nic carbc.; ----

..

t-;u~ber

sa~:ples

32

2S

10

30

31

31

31

31

30

11

31

31

13

13

11

13

22

Sanplps from till aguifers
..

Samol~~ [roo snn~ ~nd gravel aquifers..
H.1.ki- Hini- Hean Median ;:"nber ~!axi- Hil\i- Hear, Median

rnu~!J r.:u~ I/~ . •;) les mum mum-----._ ......

1250 120 368 251 /.J 577 5.5 193 166

8.0 5.7 6.81 6.70 28 7.1 5.7 6.33 6.35

870 22 198 51 J @ (CO 0 93 18.5

637 37 173 104 I,D 284 26 93 71

150 6.5 ' 38.9 22.3 .- ~:J 76 6.0 20 16

64 5.1 18.0 14.0 ii ,i. 31 1.1 10.2 7.3

18 2.1 7.7 6.9 41 7.3 1.4 3.1 2.9

9.3 .1 2.7 :.• 1 ::1 3.0 0.2 1.3 1.1

423 45 145 12(; :; ; 392 15 95 69

12 0 1.·5 .4 17 4 O· .9 .6

450 1.8 61 11 40 35 O. i' 11 6

35 .4 4 .1.4 40 18 0.1 4 2.2

37 13 20.5 18.3 21 28 10 18.6 18

938 97 293 187 14 21:34 55 148 130

12 0 1.5 0.4 "1' 10 .01 2.2 .62.• ,

.07 0 .006 0.001 ::1 .04 0

'(,6 2.1 18 13 3,~ 52 0.7 11.3 6.4

."

/

--_._------- _._-------------



Summary statistics for selected minor and trace metals

for all samp!~s collected from wells in till and in sand and

gravel are give in table 8.

Table 8.--Near here

Concentrations of copper, cobalt, and nickel gen8rally

are less than 30 micrograms-per liter bu~ can exceed 100

micrograms per liter in surficial=aterial direc~ly over the

miner21ized co~tact ZC~8 bet~2sn the Duluth Ccm~lex a~d cIder

recks. T~ese metals are pro~ably related to oxidation of

sulfide ores found at the contact zone and in the nea~by

glacial deposits. Concentrations of chromium, cad~ium, and

lead are less, generally ranging from 0 to 15 microgra~s per
L-

liter. Iron is occasionally f~und in anom~usly high concen-

trations ranging up to 67 milligrams per liter. These concen-

trations of iron are difficult to explain with the limited

database, ~ but~ probab-ly- reflect-local chemical conditions

related to tte reduction of iron in the system.

Trace and minor metal concentrations from water in

two wells in peat are within the same range as found for

that in the other surficial materials.
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.1

1.':.
Table I. Summary statistics for selected trace and mi~or metals in surficial aquifers,

(concentration, in microg~~~ per liter)

8.4

28.0

._----------------; _.•.__... __...-_.....•.. -...---..--
Till aquifers ~ Sand 3nd gravel aquifers

mum llum 1. \ samp ..;f.:;~_ folllm mum ~ .•

0.00 0.8! 0.3 I 30 1.2, 0.0 0.3 I 0.3

0.3 3.5 I 1.4 I 30 I 46.0 I 0.1 I 6.3 I 0.7

29

30

~':O. ofsamples

Constituent

Cadmium--------

Cobalt---------

Chromium------- 30 5.5 (). 00 ': 0.9 0.6 . 31 . ,..,
,'.1 .. G 0.0 0.6 0.5

I}

Copper--------- 30 190.0 0.6 11.7 3.8 30 45.0 0.2 7.2 4.2

Lead----------- 30 6.4 0.1 1.8 1.3 31 }:::.0 0.0 1.9 1.1

Nickel--------- 27 120.0 1.0 15.2 9.0 29 40.0 0.7 7.5 5.0

3.9

0.0

~
! I

1268. ~1330.0 1 ~_8__.r~OU'~~ __~~~4:·_~L--~~

Aluminum------- I 24

Zinc-----------! 30

Iron-----------I 30

Manganese------! 31
i

.-1_

I

200.0 I
i170.0 I

3100.0 I 0.0 I

~O~~_J

20.0 I 20.0

27.6 I 8.9

221.0 I 25.0

30

30

38

230.0

620.0
r

;6700,',.0

0.0

0.7

0.0

32.0

56.1

5152.0

29.0

14.1

45.0



The areal distribution of copper and nickel concen­

trations in water from surficial aquifers reflects proximity

to the mineralized contact zone between the Duluth Complex

and older rocks (figs. 17 and 18)., Anomalous concentrations

Figures 17 and 18.--Near here

of both copper and nickel occur in zo~es abcut 5 to 10 ~iles

wide" centered on the contac~. Ground water within these

suI t 0 f the 0 xi da t ion 0 f suI f i d.-:" rn i nera1s f (;.J ndin the :3 U r f i .'~ i a 1

depo81 ts .. ,"

BEDROCK AQUIFERS

Representative analyses of water samples collected from

wells in the major bedrock units in the study region are

given in table 9.

Table 9-. --Near here-------

Although the number of samples collected was not large enough

to adequately perform statistical tests,of significance, the

analyses do show appa~s~t differences.
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.... ~ip,.,.

Concentrations of major constituents in water from the

Duluth COiliplex are highly variable~ Specific conductance, a

measure of total dissolved solids, ranges from 220 to 4,620

micromhos per centimeter at 25°C, ,while chloride concentra­

t~ons range from 1.3 to 1,500 milligrams per liter. Avail­

able data from six wells suggests that concentrations

increase with depth, but, since water in the Duluth Complex

occurs in isolated ~ractures ~nd joints, the che~ical

0. omr.. Gsit i c n is r r' 0 ~ a b1 j a f 1..~ net ion :)flocal hyd r ("; €eo:; h~ Jl i ca :.

conditions rather than indicative of a trend with jepth .

.Field pH *n ~ater from the Duluth Complex ranges fron 7.0

to 8.5, generally one pH unit more basic than water from

surficial lithologies in the stu1Y areac

Water from the Duluth Complex plotted on both Piper

and semilogarithmi~ diagrams (fig. 18), ranges from sodium

Figure 18.--Nea~ here

chloride to s(.;dium bicarbona te types.
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Waters from granite, Biwabik Iron-formation, and other

non-troctolitic lithologies (fig. 19) are a mixed calcium-

Figure 19.--Near her€

magnesiu~ bicarbonate type, comparable to water from surficial

materials. Water in these l:thologies mainly occurs in an

upper fracture zone that is' in hydr'ologic continuity with

overlying sL~ficial sedim~nts. As a result, ~ells finished

the Animi~ie Group prcduce water having a che~ical compositon

similar to that of ~ater in surficial materials but modified

by reactions with the bedrock surfaces.

Except. for iron and manganese, few reliable trace and

minor-metal analyses exist for water from bedrock ~quifers

in the study region. The small number of analyses available

suggest that dissolved copper, nickel, cadmium, silver,

mercur'y, and lead concentra tions are less than a fev'l micro­

gra~s per liter in water from most bedrock.
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lron and manganese concentrations in water from the

Duluth Complex range from 0 to 150 and 0 to 60 micrograms

per liter: respectivelye Concentrations of these metals

are higher in water'from the Biwabik Iron-formation, rang­

ing from 50 to about 5,000 mIcrograms per liter for iron

and from a to 1,800 micrograms per liter for manganese.

Data from 4 wells indicate .iron a~d man~anese concentraions

for watef in the GiantE Range Granite can be as high as

500 microL~~m2 per liter.

Evalb3tion of tre~ds in bedrock ground wate~ che~istry

cannot be made with the present data base. Most va~iations

li%ely reflect local complexities in the hydrogeoche~ical

and hydrJlogic environment.

Fair to good correlati~ns exist between specific

conductance in surficial and bedrock aquifers and dis­

solved calciu~, hardness eCa + Mg), and dissolved solids
_.. -- . - - _._._"-- -- -- . -

for all ana~yses pe~formed for this study (fig. 20).

Figure 20.-=Near here

Because of this relationsbip, easily obtained specific

conductance measurements can be used to roughly predict

these constituents.
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No significant corr~lation coefficients (great~r

than 0.5) were obtained between trace metals ~nd sulfate

as rn i go h t beexpec t 2 d fro ill 0 xida t ion 0 f s u1 f i·::;.;; min era1s

included within drift and bedrock, or ~etween dissolved

organic carbon and trace metals as might be expected from

chelation of metals by humic or fulvic acids. The lack

of t~ese correlations higtlights t~e complexity of local

hydrogeochemical conditions. - Concentrations of trace ffietals

cperate non-uniformly over the region. An evaluation of

local trace-metal ~0ncentrations requires a site-specIfic

unders tanding of the local ground~·w0.ter ·flow system and

the mineral and organic constituents in the glacial drift.
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POTENTIAL IMPACTS OF MINING ON

THE HYDROLOGIC SYSTEM

The potential impacts on the hydrologic system of

future copper and nickel mining and associated developmei~t

include: aquifer dewater'ing and surface-water diversions

by open-pit activities, incL~eased use of surface and ground

water by new and expanded cities, and water-quality changes

in surfac2- and ground-water systems by ~ine discharge. The

dG. t2. ga t,hered fc!r' this stu dy 7;<.7ere for r'3gi c:ndl (: 'lal',,·,2.: it:.:-: •

Additional studies will be necessary to eval~ate the potenti3l

impacts of mini~g at specific sites.'



Mine Dewatering

In general, the effects of mine dew3terl~~ ~b ~~~~bij

water levels will be minimal for new open pit b~ ~b~~~~~bund

mines in the region. The bedrock and overlyibg ~urt~ci21

materials along the contact zone between the ~Du-l.uth Complex

and older bedroc~ generally have very low pe'f'-rbeabI11-t'y ..

Dewatering of underground mines will be less th~n at.j~t

. 25 gallcin becRuse fracture permeability in mbstof the

Duluth Complex is lc~ Rnd discontinuous. 3eb~~se b:

its extreme depth, Ii ttle is known about tt8 :pe.-r:-me-a·bil.:...t:y

of the Biwabic Iron-fQrmation underlying the t;,l-l-t:.ft"h Wm-p.le:.(.

Potentially, water under confined co~ditions ~bul~ ~~~p

upward to mines in the Duluth Complex if th-e :-mthe ~p:etre-t'r:ated

near or into the Biwabik Iron-formation. Su·c'h ~d=i~(chd;r:-ge

would increase the amoun t of wa ter required :t-o 1few:a:te'r :th-e

mi.ne ..
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Mine dewatering may be required from open-pit operations

that intersect buried sand and gravel filled channels, es­

pecially, if the pits are in hydrologic communication with

streams, thick saturated sand and gravel aquifers, or leached

zones in the Biwabik Iron-formation. The areal extent of

the effect of mine dewatering on the water t~ble will depend

on local hydraulic gradients, hydraulic c~~ductivity of the

aq~ifer, and total saturated thickness intersected by tte
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Table 10 presents calculated ground-wa~er discharges

Table 10.--~ear here

fro m sur fie i aImate r'i a 1 s to h y pot he tic a lope n- pit r.r 1. . ~ e s

illustrated in figure 21~ The discharges were calcu-

Figure 21.--Near here

latec using Darcy's law and utilized the surficial geology

and Si eeel (1 97 8 ) • Hy Cr' a u 1 i c g r ad i en t s we f' e ass umedt 0 ~. a r! g e

from 10 to 40 f'~et per mile. Hydrauli~ conductivity val~es

are from table Because of the lack of site-specific

data, potential discharges have been c21culated conservatively

to deter~ine the possible extreme values, Accurate escim~tes

for specific mines will require site-~pecific studies.
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Table: _...... --Cround--water discharges to hypotheticn 1.. open-pit mines ..

in

~
"

~
I:st1mntcd range ~n : .. .." '.' ,

~(). p saturated thickn0'sB Estimated susta~~ed gr011nd-wntcr dis
lce (. Approximate of drift on mine al.Lons er minute

~Jt!'~. location wnll, in feet Drift type l':':O-aci·~,.. ~~i.;en-Pit 400-aCTe op;.:n-pit mine

".:

~

1

3

4

5

.6

T.61N. ,F:411W.,
Sec.24

T. 60N .. ,R.12W.,
Sec.2

J

.. T.60N •• R.12wo.1
Sec.29

ij ;

I

T. 60N. ,R.12W.,
Sec.31

~
; T.59N.,.R.14W.I Sec .35

T.57.,R.14W.
Sec.l4 .

5 to 10

5 to 50

5 to 15

5 to 10

·5 to 20

20 to 100

,
I

I
I
!,
I

i
I

!

I
! \

,
I

i,
;
(,

Till

Till and peat in
northern hal~ ~
sand and gravel ~

in southern half.~

Till; sand and
gravel on nl'irth
and east sides.

Till and peat.

Till and pent',
l-iossible sand
on NW margin.

Till and peat

as much ;l:~ 100

100"to 1)000

as much a4.~ 200

as much O!; 100

as much H=:i 200

as much 8U 200

as much as 200

200 to 2,000

as much a9 400

as much as 200

as mUch aEt 400

as much as 500

- Of .. L~'
if I , ot ............-....: ..., _

.. ' ,
- "'i;'"
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Ground-water discharge to hypothetical mines in areas 1,

4, 5, and 6 should be ~i~iffi~l owi~g to the relative imperme-

ability and small ~;turated thickness of the material in the

drift. Ground-water'discharge to an open pit mi~e located

in area 3 potentially could have long term and significant

impacts upon mining ope~ations and the local ground-water

system. Underlyi~g the ter~i~al moraine south of the prspo~2d

mine site are sand and graver deposits, up to 50 feet thi~k,

lying the Dunka River basin~ Disch~rge to ~he mine from

these deposits could be as much as 2,000 gallons r2~ minute.

Such continuous discharge would ultimately displace the Dunka

Basin g~ound-water divide southward and divert streamflow

from the Dunka River to the mine. A similar diversion west

of the hypothetical open-pit or~ration occurs from springs

that discharge as much as 500 gallons per minute to the Erie

Dunka Mine Pit. The source of the springs is buried sand

and gravel that is exposed on the mine wall. This diversion

caused a loss of about 0.7 cubic foot per second of flow

from the Dunka River during low-flow conditions in August

1916, and may be more at high flow.

90

·.....

, '



Additional Water Use

Increased ground-water withdrawals for municipal or

other needs from surficial aquifers will depress the water

table around pumping wells. Sand and gravel deposits under-

lying the Embarrass, Dunka, and Lower Partridge Rivers are

the only viable aquifers for any extensive future development.

Of these, the surficial aquifer underlying the Embarra3s

River offers the best potential for ground-water deve10p~ent.

limits dra~down at a pumping well to two-thi~ds the 02tl~rated

thickness of the aquifer. Therefore, assuming a mininum

saturated thickness of about 1~C feet, it would be possible

to continuously pump 2,000 gallons per minute from a viell

in the aquifer underlying the Embarrass River Valley for

a year before the engineering limit is reached (fig. 22).

The City. of Babbitt, with a current population of about

Figure 22.--Near here

2,900 people, used about 130 million gallons of ground water

in 1976. This would be equivalent to only 45 days of pumping'

at the given rate. Projections of increased population by the

year 2000 in the region as a result of both copper and nickel

min i ng and e xpa r~ dedta con i t e produe t ion range up t 0 15 , 0a0
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ad n i t.ional peepl e. (Ba uman, 1978, wri t ten c emmu nica tion) ..

Assuming a worst case, that all the, addi tional popula tion

were to live in Babbitt, the five-fold increase in ground

water usage would still be well wlthin the limits of the

aquifer. Since some of the additional population will be

dispersed throughout the region, impacts on the major ground­

water resource will be even less~
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Water Qualit:[

Water-qu3lity imp3cts f~om mining activities upo~ the

ground-wat~r and surface-water systems can be best evaluated

with respect to· the siting of potential point sources of
, .

chemical contamination to the natural system, such as min(~s,

taili~gs ponds, lean-ore stockpiles, and was~e-rcck dumps.

Leachates from these sources may contain concentrations of

trace metals much greater than b&ckground c~ncentrat~on~.

wa tel' discl<::lr'[ing from a. bulk-ore sample si -se (T. 62 ~'~.,

R• 11 \01., sec • ) near Filson Creek are as great as 700

micrograms per ]:ter. Nearby background values are less

. than 25 rricrogra~s per liter. Water from observation well

H-2, finished at the base of·the sample site, had copper

and nickel concentrations of 370 and 3,800 micrograms per

lit e r inAp:' i I 1976 • Cob a1 t concent rat ion wCo s 440 mi c I'0-

grams p€r liter, an o"Fder of magnitude greater ti-1::n general

background levels. Consequently, the location of sites for

tailings basins, stockp~les, and other similar :oacilities

should tak~ advantage of natural hyd~ogeological controls

to minimize contaminatioll of ground-water or surface-water

by trace metals or other chemicals.
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The potential for contamination of ground-water is

reduced where natural barriers to vertical ground water

flow exist. To guide discussion of possible impacts on

the natural environment, the Regional Copper-Nickel Study

Staff has delineated hypothetical mine development sites

(fig. ,page ) located adjacent to the contact between

the Duluth Complex and older rocks. With the exceptions

of areas 3 and 4 near the Dunka River basin, the sur­

ficial materials e~st of the contact 2~e gene~~lly eithi:r'

till or peat, which restrict infiltration and ground-hater

movement. 4 Drift in areas 1, 2, 5 t 6, and 7 gener~lly is

less than 10 feet thick along and east of the contact,

and is underlain by bedrock of very low permeability.

Seepage from tailings basins and stockpiles int~ the

ground-water system would be minimal in these areas.

By placing potential sources of leachate upon small

wetland r.asins, contamination to both surface-water and

uriderlying g~6und-w~i~~-syst~msmay be further limited

by the natural removal of some potentially toxic metals

by organic compounds.
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In the Dunka River basin, (areas 3 and 4) water bear­

ing sand and gravel deposits are greacer than 50 feet thic~~

(pl. 3, part 1). Contamination to the ground-water system

in these areas by mining ac~ivities could be minimized by

placing stockpiles and tailings basins several miles to ~he

east or south where bedrock is at the surface or is covered

by thin deposits of till or peat.
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High-flow Characteristics

Flow Charf:.lcteristics of rivers and streams should be con-

sidered in planning and design of any development utilizing

I :

lor affecting streamflow. Some flow characteristics can

be defined by frequency curves that relate magnitude of

Iflow to recurrance interval. Low-flow frequency curves

9

iare useful in determining adequacy of flow when streams
I

are used for water supply for public, industrial, or
I
I •
lagrlcultural development. Indexes are sometimes selected

I
lO-ifrom low-flow frequency curves to be used for water permit

1J 'systems and pollution control. Some of the uses of high-

-,-
j
I

I
I
);

l.?

13

14

l~,--

16

17

18

19

20--

?1

22

23

24

flow frequency curves are storage analysis, planning and

,design of reservoir systemS, and any construction within

the floodplain of a stream.

_~ ------------------.---------------------------- ------------- - -----~_- ....-



2

4

r,

A computer program was used in the analysis of high-flow

! frequency relationships for streams in the area. Gaging

station records were processed to give for each water year

ibeginning October 1, the highest mean discharges for the

indicated number of consecutive days of flow . These values

(,

8

9

. 'Vlere arrayed in order 'of magnitude and assigned order

numbers beginning with the largest as number 1. Recurrence

!
: intervals were then determined using the formula RI =
:
I
'n + 11m, where n is the number of years of record and m is

10- the 0 r de r n urnb e r . Recurrence intervals, given in years are

1J

12

13

14

reciprocals of probability of exceedence in one year so an

event having a 20-year recurrence interval will have a

1/20 or 5 percent chance of occurring in anyone year.

15-- 'The computer output for this method is a plot of each

16 ,input value and its corresponding recurrence interval

17 on a graph having a log scale on the ordinate for dis-

18 charges and a normal probability scale on the abscissa for
.- - - - -

19 'recurrence interval. A graphical interpretation is then

20-- made fitting a c.urve to the plotted points.

21

22

23

24

L . · ---------- ---
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The computer program gives a second solution fitting the

frequency curves mathematically to a log Pearson Type III

probability distribution. One of the advantages of

mathematical fitting is that if the same theoretical

distribution is used, the results will always be the same

for a given set of data. The high-flow frequency curves

;resulting from the graphical interpretation and the Pearson
I

8 :Type III distribution analysis are nearly the same, so

9 mathematically fitted curves were used.

10-

11 The high-flow frequency curves are given in tabular form

12 'in table Extrapolation of the curves beyond the

13

14 jPlace table near here.
I

15- !

16 : maximum recurrence intervals given is not recommended.

17 Discharge values listed to 3 and 4 significant figures in

18 the table are from computer printouts. Frequency curves

21

19

23

22

ifor these stations are not that well defined, so discharges
I

20-; should generally be rounded to two significant figures.

I

I
I

2 ~~. 1L . . . '_'__ '''__ _ '_ ,,__.__ '



8

9

10-

1 i

12

13

14

16

17

18

i
19 I

I

i
20-1

I
21 I

I
..,-,
LL

23

24

Table - High-flow characteristics, value of discharge

for given number of consecutive days at various

recurrence intervals.
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, \
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h--1'lo\<[ frequency curves for Partridge River near Aurora.

r.

have been constructed from data in table and are

presented in figure . Tlhe family of curves with

s -: Place figure near here.

\
\

8

9

10-

11

12

13

14

15-

16

17

18

1----
i

iSimilar shapes in this example

I stations in the area.

are t:>rpical for most

19

20-

21

22

23
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'Figure - High-flow frequency curves, Partridge River

7 near Aurora.
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Data Net'Work

The U.S. Geological Survey assigns eight-digit numbers to

all site~ where there are systematic ~ollections of

surface-water resources data. The first two digits of

the number refer to the part or major drainage basin

b involved. The study area is located in two major drainage

number for the site.-----
9

10-

basins, St. Lawrence River basin which is designated 04,

and Hudson Bay and upper Mississippi River basin which is

The remaining six digits is the downstream order (------- /Numbers increas~ for sites located

1i farther downstream. The station identification numbers

12

13

14

are not consecutive to allow for new stations in future

years.

15- The eignt-digit station numbers are listed in all tables,

16 ;' but because of their length and tne number of sites
I

17 i involved, they are not used for most map illustrations.

I
, ~8___LI~s tead, a single or two- di gi t downs tream orde r number was

19

20--

21

23

24

~;5 --

assigned to each site and used for location purposes on

the maps.



I',

~_I hew 1:1, t e rye a r ~ rat her t han the cal E: n dar yea 1') i sus e d for

surface-water records, The water year is the 12-month

period, OctoGer 1 through September 30, and is designated

by the calendar year in which ii ends. For example, the

year ending September 30, 1977, is called the "1977 water

6 I year".

7

\

3 Location of sites, wh~re surface-water resources data

9

10-

h a v e 0 r are b e in g colI e c ted i nthest u d"y are a, iss how If I I II \

(Pl~~ C'i~ - VI <'etj by I IILcr..:tlul1 III;:>fIP1QYY sfJrf',.t.e-uJ<!(!-e# JJusfolrowS)
in figure __ ' !\ There are 16 continuous-record gaging

11 stations in the data network. At twelve stations, 10 or

12 more years of streamflow records are available and these

13 records were the basis for determining flow character-

14 istics for streams in the area. Pertinent information

15- for the gag in g s tat ionsis 1 i s ted i n tab1 e

21

19

17

16

22

18

I

I
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20-
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23

24

I t.:

i,

There are eight periodic measurement sites in the data

network. Discharge measurements were made at six-week

intervals at these sites to develop stage-discharge

relationships so discharges could be determined whenever

! water-Quality samples were taken. Information at ~hese

. ( Plo.~ e.. fd.£jr;. __ "~YJIf)~i dJSl.--~tI;f~. /1Ii~J",'{;·fh#.f~'"

sites is listed in table . A Two'periodic-measurem~nt

sites, 30 and 68, are loc&ted at discontinued gaging

stations, so additional information is given in table

Periodic measurements were made at site 8 from December

1975 to June 1977, when it was converted to a continuous-

record gaging stationQ

In addition to streamflow data, continuous records of

water temperature and specific conductance were collected
o\.\d

at sites 70, 79, and 15x ,,,!eriodic sediment samples were

taken at sites 70, 79, and 85.

~--------_._._--.-

t'. S
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- Periodic discharge measurement sites.
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. Table - Periodic discharge measurement sites

Range of
Figure Station Drainage Period of di schar ge

plotting I.D. Station name (area discharge measured (ft 3 /s)
number number mi 2

) . measurements Maximum i·Ii n i 11un

1 04015430 St. Louis River below 60.6 July 1976-0ct. 1977 185 0.19
Seven Beaver Lake
near Fairbanks

2 04015438 St. Louis River 94.0 July 1976- 328 0.22
near Skibo

8 04015455 So. Br. Partridge River 18.5 Dec. 1975-June 1977 /a 148 0
near Babbitt

13 04015461 Colvin Creek 18.3 Dec. 1975- 136 0.25
near Hoyt Lakes

25 04016900 Embarrass River 17.6 Dec. 1975- 124 0
near Babbitt

04017000 /b - - .........-

44930 ~mbarrass River 88.3· Aug. 1975- .. ""01...• ;)/

at ~mbarrass

63 05125400 Stony River 62.0 Dec. 1975- J..100 0.94
near Murphy City

66 05125-450 Greenwood River 48.2 Jan. 1976-Aug. 1977 686 0
near Isabella

68 05125500 Stony River 180 Aug. 1975 /b 2260 l~ .93
near Isabella

/~ Converted to continuous record
gaging station June 1977.

/b At discontinued gaging station.
See table

-'J



Flow-duration curves

Flow-duration curves are cumulative frequency curves

that showl the percentage. of time specified discha.rges

are equalled or exceeded during.a given time perod with-

out regard to thier sequence of occurrence. Mean discharges

of time intervals of flow, such as daily, weekly, monthly,

or annual, may'be used to construct duration curves. When

longer time. intervals are selected, however, the range of

discharge values decreases and there are fewer values to
V

defin~ the Cill'es. All flow-duration curves presented in this
A

section are based on daily mean discharges. Flow duration

curves for streams at the 12 gaging stations having 10 or

more years of record are shown in figures and

Flow characteristics of streams are reflected in their

flow-duration curves. A comparison of !tow-duration curves
~.A.tlU \ l...~ _;_"- ~ ~1 ';

for the same period of time for two or more streams~indicate

differences in basin and flow characteristics of the streams.

- The ·sIopeof- a -olirat1.on curve indicates the- v~abtility -of flow.

Flashy st~eams normally have large ranges in discharge and

duration curves that have steep slopes. Conversely, streams

that have considerable storage available and therefore less
V

variability of flow have much flatter duration cures.
/'.
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The shape of duration curves at the extremes is also

indicativ~ .of basin and flow characteristics. For example,

relatively flat slope at the lower end of the curve indicates

that the streamflow is being sustained from storage from

either surface water or ground water, or a combination of the

two. Whereas, streams that drain basins where flood runoff

is held in stoiage will have slopes that flatten near the

upper end of the curve.



The flow-duration curve for Second Creek nea~ Aurora
.

has the least slopp of all the curves for streams in the St.

Louis River basin. This indicates that~rather stable flow

conditions prev~il throughout the entire range of flow in

the basin. Flow at this station if', signif1cantly ~ff9cted

by several types of vegetation. The amount of vegetation

has varied co~siderably during the 22 years of record;

therefore, the curve should not be used for comparison with

flow characteristics of other streams or to provide reliable

estimates of future flow. For example, from 1956 to 1963,

there were 494 days when the daiJy flow was less than

4.6 ft 3/s, but from 1964 to 1977, there have been only 13

days when the daily flow was this low. The increase in

ma&~itude of low flows since 1964 is caused by water from

mine-pit dewatering being discharged into Second Creek and its

tributaries.



The 3hap~ of tbe durat10n CUr'\TE;0 for Fa.rtridge

Ri veT' ne,?:;> £\ uror2, and. st. Loui 2· Ri v,::,r near {\ uror8', are

effected by regualtion, particuIai'ly at the
e..

two extrems.
A

Storage of flood runoff in the .off-channel Partridge Reservoir

near Colby LaKe reduces flood-flow at both stations. Largest

diversions are generally made on the rising limb of high

water. Low flows at the St. Louis River gage are supplemented

by seepage losses from Partridge Reservoir which are related

to stage in the reservoir. Three discharge measurements

made in the 3-mile reach above the mouth of the Partridge

River, which is adjacent to the reservoir, during a high

reservoir st age ranged .from 6 to 10 ft 3Is increase in flow.

Similar discharge measurements made during a low reservoir

stage (August 1976) indicated a 0.9 ft 3/s loss in flow.

Low f.lows at the Partridge and

stations also are augment~d by

Second Creek .

the

Louis River gaging

above normal flows from

.Jhe. slo.pe of the fJovl-duration curve for Ka\'lishiwi River

near Winton in figure is relatively straight except near

i:'

I.

the lower end where a sharp break downward shows regulation
r::

by the \Alinton Hydroelectric powerk11ant. The daily mean
'-'"

discharg~ was zero for 276 days out of 21,185 days of record,

which is·~.3 percent' of the

208 were =durinc 1924-28.

04-'GlIDe. Of the 276 days of zero flow,



The 10 to 13 years of streamflow. records available at
.

several of the gaging stations is a rather short period of
e

time for dtermin1ng long-term flow characteristics for
It.

future years. T6 compare the hydrology during the short

periods of record with that for the long periods of time,

flow-duration curves were constructed for Kawishiwi River

near Hinton for 1952·-63 and 1967-77. From the comparison,

streamflow of the Kawishiwi River near Hinton during 1952-63

was very similar to flows during its 56 years of record.

Discharge values between 90 and 99 percent of the time

were higher for 1952-63 probably because the Kawishiwi River

is 100 percent regulated at the powerplant during low-flow

periods.

A similar comparison of duration curves for 1967-77 and

long-term record indicated Kawishiwi River streamflow was

5 to 10 percent above normal for 1967-77. Flow-duration

curves for Kawishiwi River near Ely and Shagawa River at Ely
. .

were not adjusted on the basis of this comparison, because the

adjustment varied throughout the curve. Also a comparison

of short-term and long-term flow-duration curves for St. Louis

River near Aurora indicated streamflow during 1967-77, an~

1943-77, were nearly the same.



The duration curves for Kawishiwi River near Ely and South

Kawishiwi River near Ely are similar except near the lower

end. Ther 1s no man-made regulation affecting flow at

either of these stations, however, flows are sustained for

extended periods of time by the release of flood-runoff in

surface storage. The dip in the slope at the lower end

of the curves were caused by extremely low flows during

the 1976-77 drought. The curve for South Kawishiwi River

near Ely was also effected by the drought in the late

fifties and early sixties.

The duration curve for the Shagawa River at Ely flattens

at the upper end because storage in Burntside and Shagawa

L~S reduces flood flows. At the lower end, the curve

breaks downward indicating that the flow is not well sustained

by either lake storage or discharge from the ground-water system.

I
Flow-duration curves can be compared more readiJ5Y vlhen uni t

flow is used instead or total flow. In figures and ,

the ordinate scale of the flow duration curves at the gaging

stations have been converted to discharge per square mile.
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Aurora, which is 'regulated, and Shagawa River at Ely,

which is located at the outlet of a large lake. Between

20 and 80 percent on the duration scale, the curves diverge

gradually. Highest unit flows for the segment of the
1::

curves are ar Second Creek near Aurora and lowest unit

flows are at Embarrass River at Embarrass and Dunka River

near Babbitt. As the duration exceeds 80 percent of the

time, there is a large variat.ion in position and shape of

the curves. For this segment of the curves~ Dunka River

near Babbitt has the lowest tmit flows. This part of the

flow-duration curve for Dunka River is not representative

of basin, because there are significant losses of flow in

the channel reach upstream from the gage during periods of

base flow. This flow loss is caused by mining activities and

is__digcussed_in.gr.eater detail in the section



Excluding Dunka River, the lowest unit flows for durations

exceeding go percent are at Bear IsJand River near Ely

and Shagawa River at Ely. These two gaging stations are

located near outlets of large lakes. Considering only the

Q~regulated streams, highest unit f~ows for this part

of the curves are Isabella River near Isabella and Stony

River near Isabella.



FJ.ow patterns for five streams ar~ shown by hydro-

'~ graphs in figures and The hydrographs are con-
")
.I structed from daily me; c,Jl di schar'g~s for the indi cated wat er

/
/ years. For four of the stations, records were selected for

/

I water years when annual runoff was below, near, and above
I

J

normal. These hydrogrcphs are designated A, B, and C,

respectively. The hydrograph for Filson Creek near Ely

( fig. ) shows runoff from a basin of only 9.9 square miles.

Runoff values for the water year are given for all hydro-

graphs except South Kawishiwi River near Ely, which cannot

be determined because of the channel split located upstream

from the station. Annual runoff in inches is the depth to

which the drainage basin would be covered if all the runoff for

the year were uniformly distributed over the basin.



streamflow generally recedes slowly in late fall and

through the winter, rises sharply during spring snowmelt,
tl",d,

~ recedes duri.ng the summer, rising occasional1y during
I'

periods of heaby precipitation .. This pattern of flow is

evident in all the hydrographs except for Filson Creek

near Ely.

CJ,
Streamflow is pffscted by size and shape of the drainage

basin, topography, surface storage, drainage network, geology~

soils, and vegetal cover. Additional factors which in-

fluence streamflow are the amount and areal distribution of

precipitation, humidity, wind velocity, and temperature.

Certain factors have a pronounced effect on streamflow and

are evident on the stream hydrograph.



The effect that large amounts of surface storage

have on streamflow is shown in the South Kawishiwi River

near Ely hydrograph. The drainage network for this station

has numerous lak~s that store water during high-flow

periods and then release it slowly, sustaining flow at

relatively high rates for several months~ Streamflow at

Stony River near Isabella is also effected by surface storage,

but to a lesser degree than South Kawishiwi River.

Discharge from the ground-water system is slight in the

stUdy area. In most basins, aquifers are small and dis-

continuDus. One of the larger aquifers is located in the

Embarrass River basin, but hydrographs for this stream

( fig. ) show that the discharge (even in wet years) is

not sustained at a very high rate.

As noted in the section on regulation, flow in the

Partridge River is supplemented by discharge from mine-pit

dewatering. Even though streamflow was low during the fall,
- .-.

in the 1975 and 1976

sustained during the

Above normal flow in

water years, flow in Jartridge River was
.,hrh'':'\.,V -

winter by water from pit dewatering.
1\

the winter of the 1969 water year is

attributed to increased runoff from the basin because of

excessive -precipitation shortly before freeze up.



2 '

Drainage area

Druillage, area size is one of tne most i1JJ.portant 'character-

istics of the basin. Flow characteristics fo~ various

5-

6

7

basin sizes can be comp~red when ~hey are con~erted to

~nit values (genera~ly per square ~ile). In multiple

correlation studies, drainage area,is generally the most

significant basin characteristic for describing flow

8 cnaracteristics. In many areas, drainage area is the only

9

10-

11

12

13

14

15-

basin characteristic necessary to adequately define-

certain flow cnaracteristics.

A complete drainage area analysis was made for this study.

Topographic divides for all gaging stations and miscel-

laneous water data sites were delineated on the most re-

cently issued U.S. Geological Survey 7 l/~- and 15-minute

16
topographic maps. The area in each basin was then plani-

17 metered and the resulting drainage areas are tabul~ted in

18 table on page Areas that are non-contributing

i
; .
i

..'

.'i

19

20-

21

22

23

24

25-

with respect to surface runoff were determined for affecte

s'ites, and are listed in the table as "N.C." for non-

contributing drainage area.

Previously published drainage areas for gaging stat::Jions.

and partial-record sites in the study area are superseded

by values given in table

U. S. GOVERI<MENT PHINTfl'C OFFICe;: 19'>'1 0 - .. 11111

U1·1JtI
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River cnannel profiles
I

,,( ,,.
. -.-<; I 2

<;; f-~ ..",; -:-:.~.,
The slope parameter nas been found significant in many

3 ml'" ~- i. pIe carre lation s tudi e s til at re la te flow characte r-

frequency relationships have been developed for many areas

including Minnesota (Guetzkow, 1977), using regressions

istics to basi_. characteristics of a stream. Flood-

7 based on drainage area, channel slope, and area of surface

a storage. _

9

comparing shapes and gradients of the streams.

constructed from river-mile distances of river crossing

for all profiles except Kawishiwi River, to assist in

Channel profiles for the major streams in the area were

Tne same scales were used

contours determined from U.S. Geological Survey 7 1/2-

and 15-minute topographic maps.

10-

15-

11

12

14

13

17

16

18

I
!
I·)
;-

I

,

I,
I
1
l
i..
~...

19

20-

21

22

23

i:'-

24

25-
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I

cnannel profiJ;es for streams in the upper St. Louis

2 River oasin aTe snown in figure The St. Louis River

3

Place figure --' "Cnannel profiles for streams in the

5- upper St. Louis River basin" nearby.

6

7 decends 325 feet in the 41.2 miles (7.9 ft/mi) from the

B basin divide to 04016500, St. Louis River near Aurora

9 gaging station .. The headwaters are located in an area of

a gradient of 20.3 ft/mi.

stream from this flat reach, is a 6.4-mile reach that has

lakes, marshes, and swamps, where there is little relief

Immediately down-

as evidenced by the channel gradient of only 2.6 ft/mi

in the upper 17 miles of the profile.

I

;~\'" ~~"~f''''' •I "'_-.:.-:.,-14

I :::;ll~~~'

Except for the steps

in the profile up and downstream from Colby Lake and near

an average gradient of 6.4 ft/mi.

Tne Partridge River channel is 35.7 miles long and has

,,(

15-

16

17

18

19j' the headwaters, the channel gradient is relatively

20- uni form.

21

22

23

24

25-

V. S. GOVEflNMLNT PIIIl'T1f'lG OFFiCE 11959 0 - SII171

117. ,r,o



Figu:re "Channel profiles for streams in the upper

St. Louis River basin".
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channel profile fOl' tne ::w,i1'lstem of the i~awisni\.,i

:2

3

ver is 8110\{n in figure . The Kawishiwi River profile

4

5-

7

Place figure __ , "Channel profile for mainstem of

Kawisi.1iwi River" nearby.

was constructed using the South ~awishiwi River as the

8 main cnannel between river niles 44 and 70. Near the

· .'
9

10-

11

headwaters, the profile for Phoebe River was included

for its channel length is longer and {he basin divide is

at a higher elevation than the mainstem of the Kawishiwi

12

13

14

River upstream from river mile 109.5.

the Phoebe River is 33.1 ft/mi.

The gradient of

15-

16

The average gradient of the Kawishiwi River from its

source in Kawishiwi Lake to the mouth at Fall Lake is

17 4.3 ft/mi. The central part of the profile from mile 58

18 to mile 105 has a gradient of only 2.8 ft/mi. The channel I

19 has a uniform drop through this reach except for minor

20- stepping a.t most lakes. Some of the lakes on the Kawishiwi

21

22

23

24

2~-

River are not identified because·of the small scale.
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2

~he'channel profiles in figure are for Stony and

3 Place figure _._.-' "Channel profiles for Isabella and

4

5-

Stony Rivers" nearby.

6 Isabella Ri vers. The two rivers have channel lengths

7 tnat are nearly the same, and both rivers descend over

gradients are 11.4 ft/mi for Stony River and 10.,1- ':tt/Iai

8

9

400 feet from basin divide to tneir mouth. Average

10- for Isabella Ri ver.

11

12 Channel profiles for smaller tributaries to St. Louis and

13

14

Kawishiwi Rivers are shown in figure The segment of

15- Place figure __ "Channel profiles for tributary streams"
~ .~
1
I

16

17

nearby.

18 Embarrass River located in the study area has a flat

19 profile. From the basin divide to the gaging station at

20- Embarrass (site 30 ) ; the channel drops 80 feet in 21.5

21 miles for an average gradient of 3.7 ft/mi. In the 14.6-
, .

22 mile reach upstream from site 30, the gradient is only

23 1.4 ft/mi. The river channel meanders in this reach,
" i

. ,

which is typical for many low gradient streams.

ll. S. GOVER!I<Mf::-lT l'Hlr-lI'I,G ()FFIC't:: l'l~'f 0 - ~11171
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3

6

5-

Figure __ , "Channel profiles for Isabella and Stony

Rivers".
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lO-

II
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15-
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2

3

4

5-

J t' .-..

6

7

8

Figure "Channel profiles for tributary streams".
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Tne drainage area for DUllko. niver exceeUS jC SCiti.ure ~J:i.les

less than 10 square miles, h~s a gradient of 1G.2 ft/ni.

channel gradient for these three tributaries is 7.4 ft/mi

this strean, the gradieGt is only 2.4 rt/mi.

re3.Cll

The lO1,olest

tile lower l2.5-mileIn

and its chann~l gradient is 15.9 rt/ni.

for Bear Island River.
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Surface-Water Resources

Surface-water resources for over 1,700 square miles are

an a I y'zed . i nthiss e c t :i. 0 n 0 f the r_~ p 0 r t . Tvl e n t y - two per -
/~qa~-/- _'(

/ - -~- ,
cent of the area is in the St. Louis River basin and the

remaining 78 percent is in the Kawishiwi River and Snagawa

River basins. The common drainage divide between St.

Louis and Kawishiwi Rivers in the study area is the

Laurentian Divide. North of the divide, water in the

9 Kawishiwi River flows through Rainy Lake and Lake of the

10- Woods before turning north to Hudson Bay. South ot: the

11

l-:-;

13

14

i

15- :

16

17

18

Laurentian Divide, water in the St. Louis River flows to

the Atlantic Ocean via the Great Lakes and the St.

Lawrence River.

19

j
j

---- -,- ---~.+- ._. _.

I

I
20-1

21

22

23

24

....- _--- __..__._--_ _-..----- __ .._------_.-.. -----------_.-------- ..



'1' [1 e K a w i s 11 i w i 1\ i ve r has a d r a ina geare a a f 1, 2 2 9 s qua r e

miles at,its mouth at Fall Lake. Shagawa River, which

also empties into Fall Lake, dr~ins an area exceeding 100

square miles. Both river basins have a high density of

by river channels that form the surface-water drainage
, ~

network. The drainage pattern is partly rectangular as

lakes and wetlands. Many of the lakes are interconnected

8 evidenced by nearly right-angle bends in streams which

9 follow lines of structural weakness (jolnts and faults)

10- in the bedrock. Some lakes are similarly controlled

I, having been formed where glaciers scoured depressions
I
I

12 i along lines of weakness on the bedrock. surface.
i

13

14 IFrom its source at Kawishiwi Lake, the Kawishiwi River

1b~ flows through 18 lakes before reaching Fall Lake. The

1& ion-channel lakes comprise more than 33 miles of the total

21

18

17 \river

!-19-r -
20- I

!

I

23

24

length of 75 miles.

L -__.-__. -----.--.----.---------.--.------.---------------.--.-----.---------- .-.------..- _. --. --------



Six miles downstream from the outlet of Lake One~ the

Kawishiwi River channel divides with one channel running

west for six miles to Farm Lake . The other channel

.:\ continues in a southwesterly direction to Birch Lake,

then in a northerly direction through White Iron Lake and

into Farm Lake. The north or short channel is designated

! as the Kawishiwi River and the longer channel (26.4 miles)

that dips to the south is the South Kawishiwi River.

There ar~quare miles of the St. LOUiS. River basinr......Y s 7 . Ird~~>
in the study area~vEighty-eight square ~~of this area

~~

are in the Embarrass River basin which is tributary to
/1

St. Louis River downstream from the study area. The

remaining 290 square miles are drainage for St. Louis

River upstream from Aurora.

The St. Louis River basin has a high density of wetlands

ing several square miles. In contrast to the Kawishiwi

2::'

River basin, there are only a few lakes in the St. Louis

River basin and they are concentrated primarily near

the headwater of the St. Louis River main stem.

'------_._------------ _.__ ._---_._--_...._-----_.._----_._---------._-_..__..-._------_.._--..-. -->-._----_.._--



Partridge River is a major tributary to the St. Louis

River in the study area.

the drainage area is 164

At the mouth of Partridge River,?

square miles compared to 129

f
square miles for the St. Louis River above Partridge

River.

B

9

1C,

i ~

12

13

14

15-

16

17

18
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9.1767

~stimates of monthly and annual discharges

at periodic measurement sites

Water-quality samples were obtained at the periodic meas-

4. urement sites during the 1976-77 water years, so there is

an interest in monthly and annual discharges at these

locations (Figure ) . River stages were read 20 to 30

7 times annually at the periodic measurement sites and from

8 stage-discharge rating curves, discharge was determined

9 for each stage reading. At Embarrass River at Embarrass

10- and Stony River near Isabella, which are discontinued

11
i gaging stations, recorders were installed and a continuous

12 record of stage was obtained.

13

14 Hydrographic comparison techniques were used to estimate

15- flow between known discharges. For most '~ites, the com-

16 parisons were generally good. Poorest relationships were

-J 7 i at sit~s l06~ted n~a~-6utlets o~ large lake~.
I

To veri fy

?1

19

18

22

i
ithe results obtained from the hydrographic comparisons,
I
imonthly average flows were estimated by another method

m-I using the chronological relationship between known dis-
I . ,

I charges at a periodic site and streamflow records from

i
I nearby gaging stations. There was fair to good agreement

!between results from the two methods. Largest differences

!were for periods when there was considerable fluctuation in'
!

23

I~\~ L:?J. .1'.12 am flQ\f .•. ._.._~.__. "_.__. "_, .__ ,,_,,__,_~.,, .. __.__, ,._, ,.,,_

o ~ •. ,



·.

.The monthly and annual average discharges e~timated by

hydrographic comparison for the periodic measurement sites

are considered the more reliable of the two methods and

/J-

i are listed in table The user is cautioned there I.

icould be considerable error in values for SQme months.

Place Table --' "Estimated average monthly and annual

8

'j

10 --

II

12

13

14

15-

16

17

18

11}

20--

21

2.2

~'3

2·t

discharges at periodic measurement sites for 1976-77

water years" nearby.

I.
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lO-
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15-
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17
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20-
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22
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n

frable -'~stimated average monthly and annual discharges

at periodic measurement sites for 1976-77 water years.
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T:ble
. / t1o.£v

tli't j' . / .
Es.f"...afed A/11~,Jtrly ct--'; C<IAVlod I. (j, sclqYj-e.r oJ
~~./ I '171. ..-17 ""~·L:; '1-- ,;",.r. .

'" j I
f e .-1: I, i. "v>'''-8,fcJ-'U<-<~ S t f "",

:ie;ure Station Estimated average discharges. in cubic r~et per secon~

/:otdng LD. Water
.;~:::bt."r ;Zt:.::'lbc-r S+_~tiC'n~nmc ,Y('tLr Oct. Nov. Dec. .Inn. Feb. H~r. A)H:. MllY June July A'lg. Se-;'t. A::::J. .:~:

----
I 01.015430 St. Louis River be1o~

Seven ~e~ver L~ke 1976 - - - - - - - - - 33 1 .. 3 J.4
lie 3.r FOoi rb alll~s 1':J77 0.5 0.2 0.3 1.0 0.4 1.4 1.5 3.7 34 ;3 13 1-" 2:-;Iv

2 04015438 St. Louis Hive:- 1976 - - - - - - - - - 49 2.5 J.5
ne'l:' Si:ibo 1')77 0.6 0.4 0.4 1.2 0.2 4.6 12 21 79 82 25 2~) :"2..

.§ 0~015455 So. B:-. ?nrt.ridgp. 1976 1.7 ~.2 2.3 1.0 0.9 1.7 84 7.0 3.7 3.2 v .. ~ J .t4o -
River ne~r Babbitt 1977 0 0 0 0 0 0.2 3.2 5.3 15 7.98 5.:,,;;' (..2. rJ 40 ::..

i.!J:..
:13 O~O15461 Col v i.1 Cl' ().' ;.., lnu 2.2 5.3 3.8 1.9 1.7 2.8 70 4.9 6.7 5.5 0.7 0.~ -. .,

near Hoyt. LIlh.~g 19H 0.6 0.9 0.8 0.5 0.4 .1. 2 5.0 7.0 13 10 12 Ea 7'~

- '..,.
25 04016"00 Emb~... rr8.gs Ri vel:' 1976 3.8 5.7 2.5 1.1 1.2 5.3 75 5.3 7. 4 1.9 O.~ .. G2 ; ....

net.l.r .:3u,ouitt 1977 .05 .11 .05 0 0 1.4 2.8 3.9 10 4.9 3.7 '27

30 04017000 .l:.mbti.r:"/l..3S River ~97C 4~ ~2 27 , 2 10 19 332 47 72 21 3.3 l.7
at J.:.llluarrass !J2.. 1977 5.3 4.5 1.5 1.5 1.7 15 27 38 94 50 (,7 2:2 :'1..

63 051254JO StO:lY :rtiver 197ti 27 47 22 8.7 8.9 17 410 50 40 2J :'.7 ~ • .1 ;,-
:1<2..1.:' ;'!U:'llhy City 1977 3.2 3.'2 2.3 1.2 0.9 10 36 30 10:) G2 13 35J 6.:

60 05125450 Gre~n'..ood River 1976 20 32 18 8.7 5.4 5.0 265 5l 44 30 0.7 :J.: :'0
Il L • lO I ~ u. U to 11 8. 1977 0 0 0 0 0 0.4 5.3 5.7 1.2 4) e..~ :'le lJ

63 05125500 StOll:" Ri 'o'er 1970 100 162 84 41 30 36 893 218 166 105 13 1.0:: 1:"-
ncar Isabella L£ 1977 5.4 /301 8.3 7.7 7.0 19 5U 45 185 1)7 ~o 402 76

i..=. C~fiverted to co~tiiluOUS recoru
~~~ln~ statiun June 1977.

:2 A~ discontinued gagiu6 station.
continuous stn;~ record available.

--'"''',
'-:~_.--,



nyd~E..9ra.2..hs 0i... montJ1...l y mean flow

long-term flow patterns are shown in hydrdgraphs for selected streams

in fjgure The hydrographs were constructec from monthly mean flow

data. Except for KawishivJi River near Winton, the hydrographs were

construct~1 using complete water years of record available for these

gaging stations.

The effects of supplementing streamflow by water discharged from

mine-pit dewatering are apparent in the hydrograph for ~econd Creek

near Aurora. Since 1964, there has been a large increase in mine-pit

dewatering activities, and streamflow in Second Creek has been sustained

several cubic feet per second above normal. This is evident on the hydro­

graph during periods of low flow. The quantity of water Second Creek

receives from mine-pit dewatering is not constant from year to year, but

variations tend to be small.

Streamflow at station Partridge River near Aurora, also reflects the

discharge from mine-pit dewatering measured at Second Creek which flows

____--=il)1:9 partrijg~ _RiveE- abouJ;. 1,000 feet upstream from the station. From

1955 to 1963, a monthly mean flow of less than 5 ft 3/s occurred in 6 of 9

years, but from 1964 to 1977 as min-pit dewatering increased, monthly mean

flows have not been less than 5 ft 3/s.



The flow at Kawishiwi River near Winton, is regulated for generation

of hydroelectric power throughout period shown on the hydrograph. Flood

runoff is stored in the reservoir system and released when natural flow is

not adequate for generating electricity at the Winton powerplant. Natural

distribution of runoff from the basin is therefore altered within each

water year. There is sufficient storage capacity in the reservoir system

to carryover water from one year to the next and also effect the dist­

ribution of annual runoff. Most years, however, the carryover storage is

similar and annual runoff is not altered significantly.

Embarrass River at Embarrass and Partridge River near Aurora, prior

to mine-pit dewatering (1964 water year), generally have the largest

variation in monthly mean flows each year. The large variability of flow

at these two streams can be attributed to the lack of surface storage that

reduces flood flows, and limited discharge from ground water to sustain

streamflow in the winter and during periods of little or no precipitation.

Visual compariosons between extreme flow events can also be made from

hyfrFOgr~phs. For example, the Kawishiwi River near Winton hY9rograph

shows streamflow was very low in 1949, 1961, and 1977. Comparing these

three low-flow events, it is apparent monthly mean discharges were less

than 100 ft 3/s for a longer period of time in 1977. The severity of the

drought during the~1976 and 1977 water years is also evident in the

hydrographs for th~'other streams.



........ ',', ..

During the spring break up in 1950, all active gaging stations in the

study area recorded ma~imum instantaneous discharges of record. It is

apparent from the hydrographs that monthly mean discharges were also at

record high levels at that time .
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Flood Frequ~ncy Characteristics

Encroachment on flood plains of rivers and streams in the

study area has been minimal, so most years flooding is

not a serious problem. Some secondary roads are subject

to flooding and may be impassable for several days during

the snowmelt periods in the spring and following intense

r,

8

9

10-

11

12

13

rainfall. Larger floods can cause considerable damage to
.---- \

culverts, bridges and road' grades. Some permanent resi-

dences and summer homes located on low areas adjacent to

lakes or streams are occasionally affected by high water

stages.

Most of the area consists of forests and wetlands so flood

14 damage to agriculture is limited. Crops on cleared land

I
15- I are primarily ha.y and some small grain. In recent years,

16 I several paddies for cultivating wild rice have been devel­
i

17 loped
J

I
18 i-- -----~ ~ -~l- --

20-.,1

l 21
I

22

23

24

in the southwestern part of the study area.

~..)- L ----.----.-

•



Over sixty percent of the annual maximum floods occurred in

• the spring when sno"\tT accumulated during the vlinter melts.

Magnitude of flood peaks furing the snowmelt period are

: dependent on water content of the snow pack, soil condi-

:tions, weather conditions, and type and amount of additional
I

precipitation. Commonly during the snowmelt period, d~y-

time temperatures range in the thirties to low fifties

8 and night time temperatures are below freezing. Depth of

9 snow in the spring is generally sufficient to require

10- many days at above freezing temperatures before the snow

11 pack releases water and overland runoff begins.

12

13 Much of the study area has heavy timber cover that partially

14 shades the snow and reduces wind velocity in cor,tact with
I

, 1

15-:the snow pack. The snowmelt is thus delayed and spring
I

16 lrunoff occurs later than in,~ost other areas of the State.

17

18 The flood in May 1950 was the maximum of record at all four

The record floodlq I
igaging stations in operation at that time.
I

~JO . I
L -jresulted from a combination of factors including antecedent

21 !conditions, above normal snowfall, a late spring with

2;l Isud den inc rea's e sin t emper a t u r e, and pre c i pit' a t ion d uri n g
I '
jthe,high runoff period. In 63 years 'there have been three

I
lannual peaks at Kawishiwi River near Winton that exceeded

~Q)Q.Q0, ,ft!}js_8.J19-._.a.I:L.'9.ccur.re'd ,J tLJ1aY.__ clllr tl.'1g _th~ ..~._noymelJ PE:.l: i 0 d .



The expected frequency of recurrence of a particular magni-

tude of flow can most reliably be estimated from long-term

4
I records obtained at gaging stati6ns. The individual

ieable directly only at the gage site r

ieh they were determined. When there are several gaging

Relationships may also be developed for

can be combined to develop general relationships applicable

to that area.
_ I

Itransferring flood discharge estimates upstream or down-

7/jstations within an area. of similar topogra.phy and drainage

I

;charaeteristics, however, the results of frequency analyses
I

11

12 stream along a stream based on discharge to drainage

13
area ratios.

14

15- •

16

17

18

19

21

22

23

24

i
i

20--1

I

I
i~, L .. .~_._~ ._.. ._._. .__. . _



A flood frequency curve has been developed for ea.ch gaging
I

I station within the study area for which 10 or more years

of flow r~cords are available. The Log Pearson Type III

'method of analysis recommended by the Water Resources

Council (U.S. Water Resources Council, 1977, 26 p.) was

followed using the generalized skew coefficient of -0.10
:t. N\~J,j,',

applicable in t~e/study area. For some stations the curve

8

9

10-

11

12

13

14

resulting from the Log Pearson III method required slight

graphical adjustments to accurately represent the data.

For two stations the curve resulting from the Log Pearson

III method deviated considerably from the data plot and a

~ 1'11,)(7)
graphical interpretation was used. k~lt 3 yparS.-ago,

flood frequency curves were developed for all gaging

stations on unregulated streams throughout Minnesota for

15-- which 10 or more years of record were available. This was

16 done in preparation for the flood frequency report by

Guetzkow, L. C., 1977, 33 p. For several stations in

18
this study, the additional data obtained since previous

------~-~----~~--

19
analysis was made and use of one value, -0.10; for the skew

70-
coefficient, gives results not significantly different from

~) 1
( I

the values given in that report for most stations. In the

22
earlier analysis, skew values in the range of 0.00-0.20

were assigned in the Log Pearson III method. Results from

24
the -&e e e:.ra::i analysis made for this study are used herein



because
/.}JQ..r!:}-,

there H-a-£. additional flood data available ~nd

8

9

10-

11

12

13

14

15-

16

17

18

19

20--

21

22

23

24

Q,

results from the two analysis differ significant]y for
~ ;/

two gaging stations. Several stations in the study area

had not been in operation for 10 'years at the time of

the earlier analysis and others are affected by man~

I regulation of streamflow and were not included at that

time, but they are included in this study.



Flood-flow frequency data resulting from the analysis are

4

6

, listed in table

are shown in figure

Table __ and Figure

and the corresponding frequency curves

For gage locations where the

near here.

8

9

lO-

II

12

13

14

15-

16

17

18

19

20-

21

22

n

24

period of record is only 10 to 14 years, it is not real­

istic to estimate floods beyond the 25-year recurrence

interval and values for more rare events are not given.
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Figure Flood-frequency curves at gaging st~tions
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i.

Table _ Flood-frequency characteristics at gaging

stations having 10 or more years of record avaiJab1e.

------'
8

9

10-
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Table - F1ood-fre~uency characteristics at gaging stations having 10 or more years of record
available.

Figure Station Drainage Years Discharge in ft 3 /s for indicated
plotting IoD. Station name area of recurrence interval, in years.

(mi 2 ) record Q2 Q5 Q10 Q25 '~c:;nnum.ber number
./ .J

21 04015500 Second Creek 2900 23 123 168 214 278 344
near Aurora nc 6.59

22 04016000 Partridge River 161
ns;ar Aurore. nc 13·3 35 1020 1690 2220 2960 3550

24 04016500 St. Louis River 290 35 1580 2460 3140 4100 4860
near Aurora nc 13. 3

30 04017000 Embarrass River 88.3 22 610 1050 1390 1800 2200
at Embarrass

33 05124480 Kawi s hi "'iii Ri ve r 253 11 1220 1540 1740 1980
near Ely

40 05124500 Isabella River 341 11 1930 3010 3780 4820
near Isabella '",,-

58 05125000 South Kawishiwi River -- II 2330 4000 5130 6640
near Ely

68 05125500 Stony River 180 12 830 1430 1900 2530
near Isabella

79 05126000 Dunka River 53.4 12 344 493 598 ,40
near Babbitt nc ~.. 0

85 05126500 Bear Island River 68.5 12 250 357 l~ 32 536
near Ely

86 05127000 Kawishiwi River 1229 63 5000 7500 9200 11200 13000
near vJinton

87 05127230 Shagawa River 9900 10 360 470 542 635 . ---- c."
at Ely



Hecords for gaging stations and periodic measurement sites

in operation only a few years are inadequate to indicate

expected flood magnitudes and other basis for flood flow

, ,
~ .

lestimates must be used.
i
I

From data presented in table

for the long-term stations, a plot of flood discharge

Iversus contributing d~ainage area was made on full
I

Ilogarithmetic paper for each recurrence interval included

8 in the table. A general relationship between discharge

r
and drainage area was apparent from thpse plots. By

10-

11

removing data for stations locationed downstream from the

outlet of large lakes, a well defined curve of relation

could be drawn. From these curves, estimates of flood

13 discharges for stations with short records and for periodic

14 measurement sites were made. Data for gage locations

15--

16

downstream from large lakes were used as a basis to estim-

iate flood discharges on the St. Louis River below Seven

17 Beaver Lake near Fairbanks. Estimates of peak flood flows

12 for periodic measurement sites and stations of short record

J9

20-

are listed in Table

21

22

23

25

Table near here.
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! Table - Estimated flood-frequency characteristics
periodic-measurement sites and gaging stations
having less than 10 years of record available.

8
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" I

Flood frequency data at a gaged site can be transferred up

or down stream by a relationship derived from ratio of

drainage areas as follows:

8

, where: Qv is flood frequency estimate for ungaged site

Qg is flood frequency value of gaged site

Av is drainage area for ungaged site

A g is drainage area for gaged site

9

1.0 -
Use of the transfer relation should be limited to sites

flow data should not be simply transferred upstream or

downstream across a lake or reservoir, for example.

which differ in drainage area size by no more than 40 per

Peak

Care must be exercised incent from the gaged site.

transferring data so that results are reasonable.
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Table __ - Estimated flood-frequency characteristics at periodic- measurement
sites and gaging stations having less than 10 years of record
available.

d'

ft 3/ sDischarge in for
Figure Station Drainage indicated recurrence

plotting I.D. Station name area inteTval, in years
number number (mi 2 ) Q2 Q5 Qls Q25

1 04015430 St. Louis River below 60.6 192 312 408 510
Seven Beaver Lake
near Fairbanks

2 04015438 St. Louis River 94.0 444 621 813 1140
near Skibo

8 04015455 South Branch Part- 18.5 172 282 405
ridge River
near Babbitt .~,

~

13 04015461 Colvin Creek 18.3 170 280 400
near Hoyt Lakes

25 04016900 Embarrass River 17.6 165 270 390
near Babbitt

57 05124990 Filson Creek 9.66 102 168 250
near Ely

63
-

05125400 Stony River 62.0 460 740 990 1330
ne a.r Iv'Iur phy Cit y

66 05125450 Greenwood River 48.2 372 605 820
near Isabella ,

70 05125550 Stony River 219 970 1630 2140 2850 0\1,
near Babbitt ".--
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9. 17/'.7

,-- -------- ~ -. - - ----- -------- ----~-------- --- ----- -------
I

Effects of regulation also have to be considered when using

lJ

flood frequency data for regulated streams. For locations

of limited regulation, smaller flood peaks may be affected

significantly, but larger peaks may be unaffected. Part-

s ridge River near Aurora and Kawishiwi River near Winton

are in that category. When storage in Partridge Reservoir

8

9

is available, water from Partridge River is diverted to

the reservoir as river stage increases during floods.

For the more significant high-water periods, the reservoir

10- is filled before the peak flow occurs and the maximum

11 discharge is not affected by the regulation. On the

12 Kawishiwi River, time to peak and duration of flood flows

are relatively long. Again, controlled storage is Gener-

14 ally filled before peak flows reach the Winton powerplant.
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9.1

Unit runoff for instantaneous flood peaks is low in the

study area. Comparing 25-year flood flows at the gaging

station for example, unit runoff ranges from 8.4 to 22

cubic feet per second per square mile in the St. Louis

5- River basin and 6.4 to 15 cubic feet per second per square

Jl, J

6 mile in the Kawishiwi River basin. The two lowest peak

8

9

unit runoff figures for 25 year floods were at Shagawa

River at Ely and Bear Island River near Ely, which are

I located near outlets of large lakes.
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