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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 elfect of
proposed undergrcund and open-pit mines on the assceiated
physical, cultural, and economical aspects of the area is
raguired by the State of Minnesota. 24s parst ¢f LhZe eon-
vironmental impe2t study, this report and a corpzrnion
report on the physiography and surficial geclocy of the
region (Olcott and Siegel, 1978) summarize the study dur-
ing 1975-78 by the U.S. Geclogical Survey in cooperation
Qith the Minnesota Environmental Quality Board (MZIQR),

Regional Copger-fiickel Study Sftaff, and the Minnesota

Department of Natural Resources.

Thé Copﬁér4Niékel Study Region is centered on about
40 miles of the lower contact of the Duluth Complex be-

tween Hoyt Lakes and the Border of the BWCA (fig. 1). It

Figure 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 aguifers in the region; the occurrence and
movement of gﬁound water, including the scurces of recharge
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 iZImpacts of mining cn %the hydrologic
system. Combined with the companion report (Olcott and
Sigpel, 270), rhus pennrt will previds predevelinpmenie
baszline data nec.:ssary for evaluation of postdevelcpment-

hydrologic changes.

The information presented was developed from lcgs of
welis and core holes, U.S3. Ceological Survey topographic
maps, field obsefvations, test augering, and literature
pertaining to the geology or water rescurces of the region.
Water samples were collected and analysed from U.S. Geclogical
Survey and U.S. 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

sources.
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GRCUND WAZER

QOccurrence, Movement, and Changes in Storage

Surficial deposits

Ground water in the unconsolidated surficial deposits,
which consist of sand and gravel; till, and peat, g<nerally
occurs under unconfined conditions. Confined to partially
confined conditions  -resulting frow listerogeneo:s stratigraphy
of the surficial sedirm=nts cccur lozally and ian the scoubh-
western part of the reéio: whke2re c¢lay-rich till of the D=:s
Moinez Lobe overlies wlder sand and gravel deposits (Maclay,

19€95).

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’moves, and the hydraulic gradieat {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 hvdraulic con-
ductivitins from 0.4 to 262 ft/d for 12 samples of sand
and gravel and ferom 0.04 to 6.7 ft/d for 12 samples of
Rainy Lobe till. For this study, hydraulic conductivities
calculated from particle-size distribﬁtions (Krumbein arnd
-~ #onk, 543) of B oznwolsos of zand avd gravel ranged Crem
0.004 to 15.5Vft/d; while hy-raulic conductivities calcu-
lased for U samples of Rainv Lobe till ranged from 2.% X

1072 to 0.13 ft/d.

Results from seven aquifer tests in the sandy drift in
t£e Dunka River basin had hydraulic conductivity values that
ranged from 0.6 to 16 ft/d (Erskine, 1975). From the=ze data
and other data in Minnesota for comparable sediment types,
estimated hydraulic conductivities in the region rangs from
about 10 to 3,500 ft/d for =and and gravel deposits, 0.01
to about 30 ft/d for till deposited ty the Rainy Lotz, and
1073 to 10="1 ft/d for till deposited by the Des Moines Lobe

and peat.
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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 znd gravel or till aquifers, the water table is.
generally deeper under topographically high areas than

under topographically low areas underlain by similar material.
In the topographic lows and wetland areas, the water table

is usually neer or at the surfacs.

The hydraulic gradient for surficial aquifers can bL=a
determined from the contour map (pl. U4) of the generalized
water table. Ground-water divides on the water tatle undsr-
lie topographic highs and approximately coincide with then,
and generally delineate local ground-water flow siivams in

the glacial drift.
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Within the physiograpnic areas (fig. 2), which are de-

Figure 2.--Near here

fined ty Olcott and Siegel (1978), the hydraulic gradients
can vary considerably. The ﬁost extreme range of hydraulic
gradient is in the Embarrass Mountains-Taconite Mining
Physiographic Afea, which has a steep topography &nd a
lare? vetland s2lony Lz zoubthern mavyoin of bthe Unbarpnss
Mountains. Gradients range from 640 ft/mi for short dis-
tances at the nurtheastern end of the Fmbarrass Mountains

to less than & ft[mi in wetlsnds in. the center of the area.

'Gradients in the Drumlin—Bog, Shallow Bedrock-Moraine,
and Outwash-Moraine Complex Physiographic Areas generally
range from 10 to.80 ft/mi, but along the flanks of larger
drumlins and topographic ridges gradients can exceed 350

ft/ml for short dlstances Gradlents in the Seven Beaver-

Sand Lake Wetland and Aurora-Markham Tlll Plaln Physiographic

Areas are generally less than 40 ft/mi.

RN




e 3

t ,’\}‘

Vs

T 64N

At 6N

16

RB5wW T 6N
47'3‘3 i 47 A5
Te0n TEON
T 83K T 59N
T8N LSRN
47°30 23>
903D
: - EXPLANATION
, 1 Physiographic areas
! A ShaBow bedrock—moraine sr-n
T 51N T STN
B Drnmlin—dog area
c Exmbarrass—Dunka Ricers sand plain area
D OQurcasbm~moraine comples arg
. E Emborress Mounioins—teconire mining area
F Scxem Bearer—Sond Lake wetland ores
TSN UL
G Aures >~Sarkho o il plain irea
'_w—mm
Boundary of physograpne area
TS5N TSSN
a7y, N 4715
2R w L] A 3w Rew @1 45
Baor fran US et Soryice ° : % 10 hEs
St NS Forest h-
PAnesnts T o0 o e [ -] 10 KILQMLTERS
Figure ¢ Physiographic areas of the Covper-
Nickel Study Reglen (from plate 2)

’
«
.

R

R

B e T T

.

vy

A et e

PP

AT

e

R

o

Sl S (0 s ety 29t

e dtre st rd e

o

=
3
1 4

FReNE I By pire o P

Vs Wit §

CIRPRIFINE SR PUFIE FIE SRS S 4200 SO SR A

S it

ST

S NN V7S

Lo

it

"
0

1



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 thaﬁ the regional ground-water
movement is northward from the Laurentian Divide to the
Kawishiwi River system and wsstward and southwestward to
the St. Louls aliver. Ground-water mo#es lorvally frem basin
and subbasin divides to gtreamsgilakes, and wetlaands where

it is discharged.

In the Shallow Bedrock-Moraine and Outwash-Mor:zne
‘Complex Physiographic Areas, ground-watzsr movement is
toward the Stony. and Kawishihi River systems. Mov=men:
is generally very slow both because the till and peat
are relatively impermeable, and because the flow system
in the-surficial materials 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 thickness is generally less then 10 feet. Ground-
water movesent 1s toward the larger streams and lakes in
the Drumlin-Bog and Seven Beaver-Sand Lake Physiographic

Areas.
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Ground‘water within the Toimi Drumlin field generally
moves perpendicular to the NE-SW étrike of the drumlins.
Movement within wetlands that are interspersed 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-wzter systems within the sand znd :zravel
deposits which underlie the Embarrass-Dunka filvers Sand
Plain Area have boundaries well delineated by till =nad
moraines. and the Embarrass Mountains. Ground-wvater moves
from these areas toward the Embarrass and Dunka Riyers.
Once in the sand and gravel deposits, movem«nt 1s prchably

‘reanid because of high hydraulic conductivities.
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Recharge to ground water iﬁ the surficial deposits
mostly is directlﬁ from precipitation. Part of the water
that falls on the eartn is returned to the atmosphere 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 deposits and least in the wetlarni

areas which are always saturated near the land surface.

Recharge to surficial aquifers from underlyirng tedrcik
aquifers is not important because the major bedrock uni*s
are relatively impermeable. However,in the southern part

of the study region near Aurora, sezi-confined sand and

gravel-aquifers may locally discharge ground water to over-

lying aquifers where confining beds are discaatinuous, and
seepage from the Whitewater Reservoir at high stage arti-

ficially recharges adjacent sand and gravel aquifers.
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Ground water discharges to streams, lakes, and wetlands.
On a local scale, the amount of ground-water discharge depends
"on the hydrologic head distribution within local flow systems,
the thickness ~f the aquifer and the hydraulic conductivities
of the aquifer material. Ground-water discharge is greatest
in those areas having high hydraulic gradients and hydraulic

conductivitizs,

+ Oround water maintz2ivs the buse. flew of ztreams and
contribuivs a skz2ill part to the yearly surface-water diz-
charge. For example, during 1976, a year of low rainfaldi,
ground-water dischiarge maintained base flow in the large
streams but contributed less than 10 percent of the total
‘surfzce-water discharge during the year. Because parte of
their watersheds -are gnderlain by sand and gravel desosits,
the Partridge, Punka, and Embarrzss Rivers probably receive

more ground-water discharge than the South Kawishiwi River

and Stony Rivers. - - -- - - . _ - e
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Due to continually changing.ironwmining activities,
which include diversions for iron-ore processing and
dewatering of mine pits, the base fiow of the Dunka anc
Partridge Rivers attributable to groﬁnd—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 ft3/s.

Springs discharge from sand and gravel filled channels
within the Rainy lobe drift that are 2zpcsed on the walls
of the cgen-pit mine nofth of the Dunka River (pl. ).
Hydrau_ic conductivitieswof These deposits may be as much
as 16 ft/d. Low-flow measurements indicate that flow from

the Dw:nka River, which is located i“bout 190 feet from the
'miné wall, is being divertedAthrough the ground-water
system to these springs. Low-fiow measurenerits of the

Dunka River above and below the mine area indicated that

about,1¢5Aft3/s was..moving from the river to-the mine ~ e

in late August 1977.
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Depending on the water ele?ation, seepage from
Whiteface Reservoir ranges from less than 1 to 10 million
gallons per day to the Partridge and St. Louis Rivers
through springs and sand and gravel deposits. Ground
water seeps from a bﬁlk—éample excavation site at about
0.33 gal/min in the Filson Creek basin (T.61 N., R.12 W.,

sea.?).
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Changes in storage within the surficial aquifers are

reflected by the water-table hydrogbaphs (figs. -3 anc 4) for

Figures 3 and 4.--Near here

observation wells monitorad from 1975 thrauzh spring 1978.
The hydrographs show that the(water table fluctuated paral-
lel with and as much as 1 to '-1/2 montas behind major trends
in the cumulative departure from m:an monthly precioitation

as recorded at Zabbiti.oetweern 195¢ through 1974 (fig. 5).

=,

Figure 5.-~Near h=zre

The water-table'decline.during'the drought from spfing 1976
.to summer 1977 averaged 4.3 feet for sand and gravel aquifers
to about 6 feet for till aquifers. The greater water-table
decline in till aquifers reflects the lower storage in the
till as compared to sand and gravel. Because of this lower
Storage, till aquifers Fespond more quickly to rgchargeii

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, fractureé, and leached zones. The bedrock
generally has extremely low primary hydraulic concductivity

and yields little or no water unless secondary openings exist.

The major fracture and joint systems in part of the
mining area have been wmapped (Cooper, 1978). These open=-
ings probably extond Lo censiderabie cdoplans tul wez mors
extensive in the upper 200 to 300 feet of the rock uni:cs.

“The fractures in the upper part are interccnnectaed and

- provide local secondary permeability.

Large quantities of ground water occur in the Biwabic
Iron~formation in its area of outcrop. Oxidation and
hydration of taconite minerals, coupled with leaching, have

produced extensive secondary porosity as high as 50 percent

(Cotter-and -others;—1965). - - ' : : C T
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N2ar surface bedrock aquifers are under unconfined con-
ditions except where overlain by drift with low permezbility.
The deeper aquifers tend to be under confined conditicns.

For example, several core hcles that penetrate through the
Duluth Complex and into the underlying Biwabik Ircn-Feormation
at the Amax Mining Company :haft site, (T.60 N., R.12 W.,

secs.28,2§) flow at land surfzce.

Coneraily, eovemssh of witer in bedrock zgulfers 1s
through fractures and jeints. Near the surface, water in
the fractures.is hydraulically connected with overlrinz
surficial aquifers and water movemzat is coincident with
local gradients on the weter table. Regionally, ground
water probably migrates very slowly through deep fractures
toward the main drainages. Highly miqeralized water en-
countered in a fracture at a depth of about 1,400 feet in
the Du¢uth Gabbro Complex (halcrlm, wrltten commun., 1976)

1nd1‘ates that water locally is trapped in small deep~

seated {racture systems.
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Recharge to the bedrock aquifers is froa leakage from
overlyving surficial aquifers and infiltration of precipi-
tation in oﬁtorop areas. The flowinz wells of the Riwabik
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
periecability. Ground wéber discharge from bedrock oscurs
in the taconite mines. For exahple, discharge from ;he
Biwabik Iron-Formation and surficial aquifers, has creart:2d
a small lake in an abandoned open-pit mine near Auirora

and in pther abandoned mines in the Iron Rang=e.
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Tnformation on water-level fluctuaticns for bedroc
wells is limited. Stark (1977) reports a 1- to 1-1/Z2-month
delay in waﬁer level responsc to precipitation events for
a bedrock test hole in the Duluth Ccmplex during 1975.
However, since the test hole was uncased, the water level
was probably a composite 5f both the potentiometric sﬁrface
in the bedrock, if present, and unconfined conditions within

the overlying surficial sediments.

Water levels in the beodroch aguilers will rosnend

similarily- to water-table fluctuations where comnunication

exists hutween badrock and surficial aquifers.
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HYDROLOGIC BUDGET

Nearly identical annual hydrologic budgets (table )
for the Kawishiwi River watershed abcve Winton and the St.

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

Figure 6.--Near here

hydrdgeologic conditions in the two areas are similar. The

i~y

-~

fuurss £t 20HE.LTH
deutw CIITm iy,

[¥)}

budgets, which are banzd ;n siveras:
preseiat a rapresentative o2utline of water gain, storage,
and loss for the watersheds. Components considered in the

water budget are given in the following equation:

Precipitation. = runoff + evapotranspiration +

underflow + changes in storage

On a long term basis, underflow and changes in storage
can be aSéumed to be negligable (Lindholm and others, 1978).
There are no known cases of underflow in these watersheis.
However, a small amouﬁt of water may be moving in river al-
luvium or through bedrczk across basin boundaries. Although
changes in ground-water storage occur continuously, over
a long period of tine increéses in storage ternd to equal

decreacses in storage and the net change .1s zero.
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Vlgure 6.-Stream gages and precipitation stations for the XuwifDiwi River watershed above Winton
and St. Lewis River watershed near Aurora
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Average annual precipitatica for the water?heds 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 Aurorsa.

Actual evapotraaspiration was calculated as a reéidual
value, and potential evapotranspiration for Babbitt was
calculated using tne Thornthwaithe equation (Gray, 1970).
Poboncinl svrpotranvpisaticn was T1.% iaches, and fave:sanly
coxpares to residual values Qf'18.1 inches for the Kawishiwi
watershed ‘and 17.6 inches for the St. Louis watershed. £oth
watsrsheds have similar vegetation and are underlain by

similar types of drift. Runoff per square mile of watershed

is nearly identical (table 1).

Table 1.--Near here
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Tablel. Approximate annual-Water Budgetg for the Kawishiwi River watershed above Wilton and the
St. Louis River watershed above Aurora ’

Precipitation, Runoff,

* Evapotranspiration, Underflow and change

in inches in inches in inches in storage, in inches
Kawishiwl River 27.6 ; 9.4 18.1 0
St. Louis River 27.2 : : 9.6 : 17.6 0



Availability

The availability of ground water in this thin drift-

crystalline bedrock region is highly variable (fig. 7)

Figure 7.--Near here

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
drift that tap uwater in =2 thin zeome ab the vedrodi zur-
face. Although vulnerable to dfought, these supplies a-e
adequate for demestic use most of the time. 3Similar small
supplies are obtained from wells drilled inte crystalline

bedrock but many of the attemped wells are dry. The U.S.

‘' Forest Service, with adequate exploration and development

proceedures, obtains as much as 30 gal/min from several
wells in camp and picnic grounds. Outwash and ice-contact

sand and gravel deposits, depending on extent and saturated

" thickness, yield from less than 5 to about 1,000 gal/ain

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 geologic units in the region is summarized in table 2.

Table 2.-~Near here
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Specific capacity, (well yield per foot of drawdown
in water level) of wells in the region is given in tables

3 and 4. The values are an indication of the maximum

Tables Z and 4.--Near here

potential yields of wells. For ideal conditions, doubling

the yvield of a well will double the drawdown. Speczific
capacities for wells in sand~and gravel deposits rznge from
0.03 to 38 gal per min per Yt and in bedrock from 0.02 to

0.1717 gal per min pér ft. Wells in the Biwabik Iron-Formaticn,
where fractured and leached, have specific capacities of

0.24 to 13.
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Table 3 .--Specific capacities for wells in samiers ar . aquifers

et ’ Pumping - Specific
Depth Diameter - period capacits .

Well locations in feet) C\?xinches) (Hm r3A0S ) 230 I{gal/min)/f&)
56-14~17cda 90 6 8 0.19 -
56-14-17cdc 80 6 8 0.03
56-14-20bcb 35 6 8 1.88
57-12-31baa 70 6 8 0.05
757-14-8 ba 37 6 8 0.32
57-15-22¢db -BU b 24 .57
58-15-3 bee 70 6 3 23
58-17-3 Lo ) 6 16 23
58-15-% dua 35 3 .5 7.1
59-10- zdb 48 6 b 0.4
59-15-~-3idac . 64 . 18 1 wesk 1%
60-9-18 aab B 23 7. 8 11
60-6-27 bac 78 6 8 0.25
60-9-27 cxc 30 6 8 10
60-10-21bbb 49 6 8 7.5
60-10-362ab - .28 6 H id.
60-12~> baa? 13 12 4 4.0
60-13-1 babl 138 . 26 8 38.
50-13-1 bab3 128 . 12 8 13
60~13-1 babi 157 16 11.5 5.9
60~13-1 bba _ BT - 2% 10 T a9,
61-14-2 db 40 20 4 30
61-14-4 cca 98 20 4 13.
63-11-3laac 16 24 1 10
63-13-27acc 70 6 12 1



LY,

Tatle 4 .--Specific Capacitiee for;Wells Completed in Bedrock

Water-bearing unit Well location Pumping period Depth‘ Tpecific Capacity
(in haor o) (in feet) ({gal/zin)/fed

Riwabie’ .

B R L STV

-

fﬁb.‘.ﬂ.ﬂ-b e.ad s
]

Iron-Formztion -
58-15-3 cca2 ) 455 3.0
59-i5-25dbc 25 299 0.24
59-15-25di s 75 398 0.25
60-12-17aad ‘20 130 65.55
Gilentz Hange _
Granice . 59-14-2 zdce S8 197 0.C3
Duluth '61-11-19bce y 125 0,11
Complex
61-11-34bbe 4 225 .02
’.
40



Table 3 .--Specific capacities for wells in gand and yis oo | aquifers

el _ Pumping Spenific
~ Depth Diameter period capacity, .
Well locations in feet) (v~ inches) (}n.toufs') A6 {gal/min) /fLd
.  56~14-17cda 90 5 8 0.19 -
N 56-14-17cde , 80 6 8 0.03
56-14-20bcdb 35 6 8 1.88
537-12-31baa 70 6 8 G.05
T57-14-% ba k¥ 3 0.32
51~15-22c¢3b &3 5 24 D57
. 53-15~3 cce 70 T 6 3 25
’ _58-15-3 bce 70 ’ 6 10 23
58-15-4 dba © 35 5 .5 7.1
59-10-"5:3b 48 6 6 0.14
59-15-31dac 64 18 . 1 veek 1%
60-"~18 aab 23 . . 8 il
60-9-27 bac 78 6 8 0.25
60~3-27 cac 30 6 8 10
60-10-21bbb 49 6 8 7.5
60-10-36.ab 28 6 by 14.
 60-12-5 baa2 13 12 A 4.0
© 60-13-1 babl 138 i 26 8 38.
. 60-13-1 bab3 128 12 8 13 e
——60-13-1 bab4 -~ — 157 T 16 i1.5 5:§
o 80-13-1bba. .- - 67 24 10 B T3
61-14-2 db 40 20 4 30
61-14-4 cca 98 20 ’ 4 13.
63-11-3laac 16 24 1 10

63-13-27acc 70 6 12 i



" deposits, which are generally less than 10 feet thick,

overlies bedrock in topographically low areas.

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 delireatiorn of grc.-.d-

water availability in the study region. Table 5 summarizes

ground-water availability by physicgraochic areas.

The shallow bedrock-moraine area is characterized by
numerous bedrock outcrops and thin drift. Unconsolidated
consist
largely of ground moraine. Lehses of sand and gravel occur

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

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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Physlographic area

Table 5.--CGround-Water Availlabllity by Physlographic Area

Water-bearing
units

General aquifer thickness
(in feet)

Estimated potential yields to well
(in gallons per minute)

Shallew bedrock-
noraline area

Drumlin-bog area

Embarrass-Dunka
Rivers sand
plain area

Outwash-moraine
complex area

Seven Beaver-Sand
Lake wetland
area

Aurora-Markham
till! plain
area

Embarrass
Hountains
tacnuile

insie oacea

t111 upon fractured
bedrock

till, discontinuous
lenses of sand and
"gravel within till

sand and gravel

till, sand and gravel
lenses

ti11, sand and gravel
lenses

sand and gravel

" Biwabik Iron=-

Formation

10 feet of till;
100 feet of bedrock

50

50 to 200

15

15

50 to 150

800%

i
—— e e
H

5 to 1,000

5 to

5 to

10 to

100 to

25

25

300

1,000



The Aurora-Markham Till Plain Area roughly coincides
with the area covered by red clayey till of the Des Moines
Lobe. The Eed clayey till was deposited on an older,
bouldery till that overlies the bedrock. Several broad
channels in the older bouldery till are filied with as much
as 150 feet of outwash.sand and gravel (Maclay, 1966),

The channels are éonfined by the overlying red clayey

till.

Outwash deposits ceccur between Aurora zad the Parcridze
Rivér‘andtmay extend scuthward along the map boundary to
Loon Lake kOlcott and Siegel, 1978, pls. 1 and 3). Yields‘
of wells should be about 100 gal/min where the zguifer iz
thickest. Aquifers in the shallow unconfined sand and gravel
deposits near the Partridge River and Second Crezk and the
low terraces (secs. 14, 21, and 22, T.58 N., R.15 W.) aiong
the St. Louis and Partridge Rivers may yield 100 te 200
gal/mim to wells (Maclay, 1966). Similar yield: should bé
available from sand and gravel deposits between Whitewater

and Colby Lakes and north and northeast of Colby Lake.

A
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Wells in the red clayey and bouldery tills northeast of
Aurora yield less than 5 gal/min. Deep wells in fracture
zones in the Bivabik Iron-Formation near Aurora may yield

as much as 300 gal/min.

The Drumlin-Bog and Seven Beaver-Sand Lake Areas
include the northern most extent of the Toiwi Drumlin Field
and the extensive wetlands argund Seven Beaver Lake. The
drumlins consist of 20 to 75 feet of comracted olayey.till
tha£ rests on bedrock. Logs of tast holes indicate that
the bog areas are typically underlain by 1 to 3 feet of
clay restiﬁg 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, cbuld 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 oceur through relatively impermeable

till and peat.
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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 deposits wheve

saturated may have suétained 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 |
gravei which ére generally less than 15 feet thick. Thick
meorainal deposits in the area may ccntain lenses of sand
and gravel. Where these lenses are confined by 1ow.pérmeab;e
till, rechérge is decreased and the sustained yield is 1imiﬁed°
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 Mihing'Arsa, rela-
tively small amounts of water are available from wells in
the drift, Pokegsma 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, grcunawwater avail-
abiiity ise dependent upon local variations in porosity and
permeability. Where the taconite beds are fractured ard
leached, porcsiiy 1s as wuoh na =0 porcent ond vieida sraster
than 7,003 gal/min from wells are possibie. Prsdicti:a of
potential'yields &t oa particulafilocaticn in the Biwabik
Iron—Formétion is not possible because of the wide variations

in secondary permeability such as fractures and leached zc:zes.

Sand and gravel deposits in the Embarrass-T'unka Rivers
Sand Plain irea have the greatest potential for future ground-

water development of any aquifer in %he study area.  VWest

of Babbitt, thicknesses in the Embarrass River Sand Plain -

range from less than 50 to more than 200 feet. Yields as
high as 1,000 gal/min are possible from coarse gravzl deposits.
Yields of 100 gal/min to wells are available from the thin

silt and sand deposits underlying the Dunka River basin.
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WATER USE

Water-use data compiled for the study were obtained
from state, municipal, and privazte sources. Appropriation
permits provided by ﬁhe Minnesota bepartmenp 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 rreizessing. It was assuﬁed that =ost of the water
remcved for mine operations was from ground-water storage

rather -than from precipitation or surface-water runcff.

Rufal and other domestic r'ises were estimated by nulti-
plying an average per capita use of 75 gal/d by population
(1970 census) of individual townships and unorgenized
territories. Water use by tourism was estimated by visitor

days per resort. Water use by hydroelectric generation

1was_obtéined from U.S. Geological Survey records (1971-77).

Stock watering was estimated from estimated animal population

determined for parts cf counties within the regicn.
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Total water use was nearly‘constant during 197175,
ranging from abouﬁ 200 to 250 billion gallons per year.
During the drought of 1976, total water use decreased té
170 billion gallons per year. Data summarizing water use
between 1971-76 is given‘in plate . Locations of major

water use are shown in figure 9.

Figure 9.--Hear here

From 1271-7%5, betvnen 67 ood 7

n

rooosnt of water unod
was related to hydroelectric oower generagtion at Winton

(fig. 10); Arother 17 to 30 percent was for thermoeleciric

Figure 10.~-~Near here

pover éeneration at Colby Lake. During 1976, tctal water use
fér hydroelectric power genebation decreased to 61 percent,
while water use for thermoelectric power generation increased
to 30 percent of total water used. Less than 3 percent of
”toﬁgl Qéﬁér u;ed dﬁfing 1971-76 was for municipal; Eural,

and irrigation needs, while mine dewatering accounted

for between 2 and 6 percent.
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CUMVLATINE PERC EHTAGE OF TOTAL WETER USE

1971 1972 1973 1574 1975 1976
CHLENDAR NEAR

EXPLANATION
o W Municipal,rural and irrigation

IR , Mine processing

Jl A.A.._L_gk)..
%if__~4~§ Mine dewatering
PN\ Thermo>? =ct

_ L\\“__;:j Hydroelectric power production

. L. N ,
:"ﬁm 10 Tebet Water Voo gxprosed o5 Conmularvd  Pavcentuy,,
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Surface-water Use

Almost all use of surface water ucage is nonconsumptive,

mainly the generation of power (fig. 11). Between 1977-76

Figure 11.---Near here

approximately 97 percent of surface-viater uss was by combinad

hydroelectric and thermoelectric power generation at Winton

0

and at Ysipy Lzk=., Migs2 operitions used 3 percent,

and less than 1 percent was used by the City of tly for

municipal:supply.

The largest industrial user of surface water was Erie
Mining Co., which removed between 4 and 6 million gallons
ber year from Knox Creek and Whitewater Reservoir between

1971-76.
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Ground-water Use

Betweeh 1971-76, mine dewaterihg accounted for about
95 percent of the total ground watér'used in the region

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

Figure 12.~-Near here

The combined ground-water use for municipal and rural supplies

. o - . N S R S - . . .
“_Lacuountad for ghout § pavsent o Lhe toval grooad water

uvsage. Abnut half of this use, between 200 and 300 ziilion
gallons per year, was withdrawn by the Village of Aurora

and tha 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

ciated 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 Co. in 1974, total
long-term ground-water use did not abpreciably incr=sase

bl

oras:

J
3]

although total use in 1974 nearly doubled 2s a tesw

———

effect of ‘the new mine operations (fig. 13). Adﬁiticnal

~

mining operations associated with copper and nickel
exploration and development may inerease withdrawals of

) ground.water by 10 to 20 percent if open-pit operations
intersect thick saturated surficial sand and gravel aquifers
in the center of theADunka River Basin or near the mouth

of the Partridge River. These withdrawals, mainly for

dewatering, would be nonconsumptive 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 zquifers
underlying the Embarrass and Dunka Rivers, and neaf the

mouth of the Partridge River.
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QUALITY OF GROUND WATER

Water samples ware collected for chemical analysis
quarterly during 1976-77 from 12 observation wells finished
in glaciofluvial sard and gravel, 11 wells finished in the
Rainy Lobe till, and 2 wells finished in peéty material.

An additional single sampling of the U.S. Forest Service
campground wells was added during a drought period in
October 7376 when ground-water levsls were extreuocly low,
This sampling inaluded 3 wells finished is #2m and gravel,
5 wells finished in Rainy Lcbe fill, and 3 wells :in the\
Duluth Comhlex. Three other wells in the Duluth Complex

were sampled during 1975. Locations of sampled w<lls are

given in figure 14,

Figure 14.--Near here

'in order to relate geochemical variations with known

~-——ﬂu—_mw~.«whydrologiewoonditionswin the-study region, interpretations

of ground-water quality generally were made using only the

U.S. Geological Survéy analyses as publi:zhed in the annu:l

report "Water Resources [ata for Minnesota, Water Year 1976."

Not all wells could be sampled an equal numbter 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.S. Geological Survey laboratories in Denver, Colo. and
Salt Lake City, Utah. Sampling procedures and analytical
nethodology followed U.S. Geological Survey standards, as
outlined by Brown, Skougstad, and Fishman (1970), with
modifications to *.urrent technological precision and accuracy

f'or trace metals.

The chemical data were studied by standard gr2phic and
ztatistical procedures. In the graphs that follow, Lﬁe\
straight-1line relationships were compuzed by the least-gguares
method. The correlation between variables, for whkich a line
of best fit (regression line) is presented, was tested

statistically by the correlation coefficient. -
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The significance of differences between mean values for
sample populations r'rom surficial lithologies was evaluatsd
using the t¥test at 0.05 level of significance. The t-test
was not applied to bedrock ground-water data because the
sample populations were deemed too small. ﬁifferent water
types were identified by use of Piper and semilogaritﬁmic

graphs (Hem, 1970).

Water collected from wa2ll H2, which is finishad in
till near *the base of an ore-sample site in T.62 N.,R. |1 Y.,
: |
- . . \
sec.25, had trace-metal concentrations considerably greater
. |

\
than gencral background levels. These anoxzalously high/con—
centrations are the result of the weathering and oxidaticn
of sulfide minerals. Consequently, the anzlyses from this
well have been excluded from tle regional characterization

of ground water and will be treafted 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 .presernted in

table 6. These samples were collected when ground-water

Table 6.-<Near here

levels were declining and were least affected by c¢ilution

\

dissolvad ceonstituents that characterize ground water i

from recharge. The concertration range of the majisr

y

presented in figure 15 for all samples <ollected during

1976-77. '

Figure 15.--Near here

T-test results indicate that with the exception of
bicarbonate, 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 twice that found in water from sand

and gravel aquifers.

62



ot Lenlls sl ey SO e e =

€9

Tablq_}i.‘—Summaty statistics for ground-water quality from surficial

RERTT e T e ey,

in milligrams per

Y R

[ 2

AT b BV Y e A

YRS L

<A

o erdals, sampled durY%gk 976. Concerntrations

R

liter except when designatua stherwise.

J T Y L JIRT VR AR ST S

[

P P LA

Cremas e

et me oo

. R —
e e B SR i e bee e o A

Coastitvent or Property

Samples from till ayuifcrs

Samples from sand and gravel aquifers

Number Mavl-~ Mini- Mean M=dian Number Maxi- Mini- Mean Median

samples mum mum - sanples mum num )
Specific conduczance (mrhos) 13 liSO 144 435 285 15 437 55 200 172
pr—-Cenleless) oo 12 8.0 6.20 6.1 6.9 14 7.1 5.6 6.4 6.5
Chemlcal Owrgen Demande———-- 4 8§70 40.0 4135 115.0 5 310.0 0 123.4 63.0
Hardness (Ca,Mg)==—===m—ema=w 13 537 6U.5 204 1z/.4 16 252.1 26.4 101.9 70.3
Dissolved Caluiumme—mmeamcne 135 150 4.6 47.0 26.9 ., 16 58.0 6.1 20.7 15.1
Dissolved Mazuedinge———————- 13 64 7.3 21.5 15.0 15 31.0 1.9 12.7 7.6
Dissolved Soliun==-—m—meen - 13 . 18 ’ 2.& 9.0 7.40 16 7.3 1.4 3.5 3.3
Dissolved Forasslum=——=—-w—w- . 13 9.3 0.1 3.1 2.4 16 2.8 0.4 1.4 1.3
Bicarborate 12 423 74 163 120.5 14 510.0 15 91 65.5
Dissolved Suifide===mmmw——=- 5 12.0 0.0 2.6 W34 5 .30 (] .12 .10
Sulfite-em—m—momomme 13 450 . 3.3 79.6 11.0 15 35.0 ° 3.0 11.8 8.2
Chloride - 13 35.0 0.6 5.6 1.5 15 18.0 L0 5.1 2.3
Siiica==~-- - 6 27.0 14.0 20.8 18.5 8 28.0 11.0 19.7 19.5
Sclids (Residue ac 180°)---- 13 938 97 253 187 12 284 55 145 130.0
Ni{zratz plus’ nitrite-—=—--=- 13 11.0 .31 3.6 1.4 13 7.4 .75 4.0 3.1
Toral phosphorcus-=me—=mmem-— 6 .07 0 .01 0.0 0 ——- —— — -—
Dissolved organic 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 gravel aquifers. Silt
and finer-sized particles found in the till haQe 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 reaofions is at least an order of

/

magnitude greater because of tne slow ground-water mova?ﬁnt.\

\

‘ \
Water in till is classified (Hem, 1972) as mode:rately -
hard to very hard, while water in sand and gravel aguifers

is classified as moderately hard to hard.

Dﬁring winter 1976, the pH of water from sand and gravel
aquifers ranges from 5.8 to 7.1. 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
aquifer 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.

65



The Piper diagram (fig. 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 igneous minerals, as are found in

the proposed mining area, and which have either a short

r<3idence time or have besn colleated in a recharge =25,

fnalyszs piotted are of

1976, when ground-water

to drought conditions.
generally are not great

plots if other analyses

samples collected during summer
levels were declining in response
Normal»seaéonal differences
enough to significantly alter the

from»the same wells were plotted.
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Water collected from wells in till can be classified
as either a calcium magnesium bicarbonate or calcium
magnesium sulfate type, based on predominant idns. The
calcium magnesium sulfate water wés collexted from wells
near the mineralized zone between the Duluth Complex and
the Giants Range Granite in the northern part of th: study
region. Oxidatiocn of sulfidg minerals in the till accou:its
for the increase in sulfate concentration found in this

vater.

The eurves connecting the medizn vzlues for disscived
solids on the semilogarithmic graphs (fig. ) illustrate

the overall chemical simiizrity between water from the sand

. and gravel and till aquifers. Median concentrations were

chosen so that the plots would not be biased with extrers
values. The parallelism of the curves suggests that chemical

reactions between surficial sediments and the ground water

are-generally the same. The slight separation 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 and gravel aquifers do not
vary significantly between seascns. The semilogarithmic
plots illustrate the nearly identical concentrations between
the median values for the major parameterslsampled during

both winter and spring.

Mean concentrations of nitrate, total phosphorous, total
erryanic carbksn, eilica ard chew csi o¥ygsn dotirsm in wator (
from sand and gravel. pez:, and till are not szigrnific:atly \\

different, Summary statistics for all samvples collected e

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

Table 7.--~Near here

magnit-ide ranges in the data, which reflect the diversity
of local hydrochemical conditions and seascnal hydrologic

conditions.
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Table 7 .--Summary statistics for ground-vater quality frou surficial

e e

materials,

sampled during 1976,

Concentrations

in milligrams per liter except when designated othurwise.

Constituent or Property

Samples from ti]l aquifers

Y

Samples from sand and gravel aquifers

Number inki- Mini- Mean Medisn Cunber Maxi- Mind- Mean Heéian

samples mum num #s.ples mum mum
Specific conductance (mmhos) 32 1250 120 368 251 19 577 5.5 193 166
pr-Jfenitless) .. 25 8.0 5.7 6.81 6.70 8 7.1 5.7 6.33 6.35
Cheziczl Oxygen Demande==--- 10 . 870 22 198 51 re §C0 0 93 i8.5
Yarcdness (Ca,Mg)-~———m=c——e= 30 637 37 173 104 40 284 26 93 71
Dissolved Calciun-mmmmmmmee-m 31 150 © 6.5° 38.9 22.3 & 76 6.0 20 16
Dissolved Mugnesiumememnmmem 31 -~ 64 5.1 18.0 14.0 44 31 1.1 10.2 7.3
Dissolved Scodium-——=e——maeee 31 ‘ 18 2.1 7.7 6.9 41, 7.3 1.4 3.1 2.9
Dissclvid Potassium-—e—=—a—e= 31 9.3 .1 2.7 1 P 3.0 0.2 1.3 1.1
Bicarbonalgmmmmmemm e m e 30 423 45 145 126 iy 392 15 95 69
Dissclved Sulfide-—=mwmmem—m 11 12 0 1.5 4 17 4 0- .9 .6
Sulfate- - 31 450 1.8 61 11 40 35 0.7 11 é
Chlor{’le- -— 31, 35 A 4 1.4 40 18 0.1 4 2.2
Silica~ - - ) 13 37 13 20.5 18.3 21 28 10 18.6 18
Solids (kesidue at 180°)---- 13 938 97 293 187 14 284 55 148 130
Nitrate plus nitrite-—=—=-— 11 12 1.5 0.4 37 10 .01 2.2 .62
Totel pﬁo:§horous ----------- 13 .07 .006 0.001 1 .04 0 — ———
Dizsolved organic carbe.i-==- 22 ‘46 2.1 18 13 3 52 0.7 11.3 8.4
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Summary statistics for selected minor and trace metals
for all sampl2s collected from wells in %ill and in sand and

gravel are give in table 8.

Table 8.~-Near here

Concentrations of copper, cobalt, and nickel genz2rally
are less than 30 micrograms per liter bu® can exceed 100
microcgrams per liter in surficial':aterial directly nvaer the
minerzlized conitact zong betwazn the Duluih Complex aad cider
rocks. These metals are pro?abiy related to oxidation of
sulfide ofes found at the contact zcne and in the nearby

glacial deposits. Concentrations of chromiurm, cadmium, and

~ lead are less, generally ranging from O to 15 amicrograms per

liter. Iron is occasionally found in anomeysly high concen-
trations ranginé up to 67 milligrams per liter. These concen-
trations of iron are difficult to explain with the limited
data'base,'but"probably‘reflect'local chemical conditions

related to tie 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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Table - Summary statistics for selecg?g_trace and minor metals in surficial aquifers,
(concentration, in microgrmas per liter)

'

Till aquifers

P e 4 e s =

Sand and gravel aquifers

Constituent
§gﬁp?g Maxi- {5Ri_i Mean ; Median Eghpggs - N Hini- Mean Median
Cadmium-------- 29 8.4 0.00 0.8 0.3 30 1.2 0.0 0.3 0.3
Cobaltommnmmmm- 30 28.0 0.3 3.5 1 1.4 30 46.0 0.1 6.3 0.7
Chromium--=---- 30 5.5 n.00 1 0.9 0.6 31 2 0.0 0.6 0.5
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 1.0 0.0 1.9 1.1
Nickel---=--==- 27 120.0 1.0 :g 15.2 9.0 29 4 40.0 0.7 7.5 5.0
Aluminum------- 24 200.0 0.0 E 20.0 | 20.0 30 280.0 0.0 32.0 | 29.0
Zing--w-mmmmmnn 30 170.0 5.9 | 27.6 8.9 30 620.0 0.7 56.1| 14.1
I170n=on-=mm-mu 30 3100.0 0.0 |, 221.0 | 25.0 38 %7ocn 0 0.0 | 5152.0 ! 45.0
Mangancse------ 31 7190.0 10.0 | 1268.0 | 330.0 38 0.0 | 2140.0 . 45.0

S



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). Anomolous concentrations

Figures 17 and 18.--Near here

of both copper and nickel occur in zoaes abcut 5 to 10 ziles
wide centered on the contact. Ground water within these
sones gensrally contalns other Drace melals ws woll, 285 2 Ies

sult of the oxidation of sulficd- minerals fcund in the surfisial

deposzits. *
BEDROCK AQUIFERS

Representative analyses of water samples collected from
wells in the mzjor 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 appareat differences.
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Concentrations of major constituents in water from the
Duluth Complex 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-
tions 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 Zractures ‘and joints, the chemiecal

-

ns

compositicn is probably a function of localvhydrageczhemic
conditions rather than iadicative of a trend with depth.
Fielc pH *#*n wvater from the Duluth Compiex ranges from 7.0
to 8.5, generally one pH unit more basic than water from

surficial lithologies in the study area.

Water from the Duluth Complex plotted on both Piper

and semilogarithmic diagrams (fig. 18), ranges from sodium

Figure 18.--Near here

chloride to s«dium bicarbonate 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 here

magnesium bicarbonate type, comparable tc water from surficial
materials. Water in these lithologies mainly occurs in an
upper fracture zone that is in hydreclogic continuity with
overlying surficial sediments. As a result, wells finished
n2ar tis upper surface of [he graalite or Ia fractures wiiiin
the Animi®¥ie Group prcduce water having a chemical compoziton
similar to that of water in surficial materials but medified

by reactions with the bedrock surfaces.

Except for iron and manganese, few reliable trace and
ninor-metal analyses exist for water from bedrock aquifers

in the study region. The small number of analyses available

-suggest that dissclved copper, nickel, cadmium, silver,

mercury, and lead concentrations are less than a few micro-

grams per liter in water from most bedrock.
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iron and manganese concentrations in water from the
Duluth Complex range from 0 to 150 and 0 to 60 microgranms
per liter, respectively. Concentrations of theze 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 0 to 1,800 micrograms per liter for manganese.
Data from 4 wells indicate iron and marzanese concentraions

for water in the Giants Range Granite can be as high as

500 micrecoTzume ner liier,

Evaluation of treands in bedrock ground water chemistry
cannot be made with the present data base. Most variations
lizely reflect local complexities in the hydrogeochenical

and hydrologic environment.

Fair to good correlati:ns exist between specific

conductance in surficial and bedrock aquifers and dis-

solved calcium, hardness (Ca + Mg), and dissolved solids

for all analyses performed for this study (fig. 20).

Figure 20.--Near here

Becauze of this relationship, easily obtained specific
conductance measurements can be used to roughly predict

these ccnstituents.
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No significant correlation coefficicnts (greatcr

than 0.5) were obtained between trace wetals znd sulfate

as might be expected from oxidation of sulfi:e minerals
included within drift and bedrock, or between dissolved
organic carbon and trace metals as might be expected from
cﬁelation of metals by numic or fulvic acids. The lack

of %“nese correlationé highlights the complexity of local
hydrogeochemical conditions. ~Concentrations of trace'metals

y et ma]l T i oAy d 2. 7~.j BT e SRR - R ST
are cophrsllad By oino: SENLe nO maEeTiunI3ne ek

cperate non-uniformly over the fegion. An evaluation of
local trace-metal concentratiocns requires a site-speciiic
understanding of the local ground-water flow system and

the mineral and organic constituents in the glacial drift.

83



POTENTIAL IMPACTS OF MINING ON

THE EYDROLOGIC SYSTEM

The potential impacts on the hydrologic system of

R future copper and niékel mining and associated development
include: aquifer dewatering and surface-water diversions
by open-pit activities, increased use of surface and ground
water by new and expanded cities, and water-quality changes
in surfacz- and ground~water-sy3tems by miné discharge. The
dantz gathered for this sftudy were for regicnal cvali.ztieon.
Addizional studies will be necessary to evaliwate the potential

impacts of mining at specific sites.



Mine Dewatering

In general, the effects of mine dewaterihg oh ground
water levels will be minimal for new open pit oFr underground
mines in the region.. The bedrock and overlying surficial
materials along the contact zone between the Duluth Complex
and older bedrock generally have very low permeability.
Dewatering of underground mines will be less than at.ut
. 25 gal/zin because fracture ﬁermeability in most of the
Duiuth Compiex is lecw and disco§tinuous. 3etanse o7
its extreme depth, little is known about thz permeabil:ty
of the Biwabic Iron-formation underlying the Tuluth Comple:.
Potentially, water under confineq conditions could seep
upward to mines in the Duluth Complex if the Wihe penetrated
near or into the Biwabik Iron-formation. Suzh discharge
would increase the amount of water required to dewater the

mine.
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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 tzble will depend
on lqcal hydraulic gradients, hydraulic conductivity of the
aquifer, and total saturated thickness intersected by the

mine walil,
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Table 10 presents calculated ground-water discharges

Table 10.--Near here

from surficial materials to hypothetical copen-pit mi-es

illustrated in figure 271. The discharges were calcu-

Figure 21.,--Near here

lated using Darcy's law and utilized the surficial geology

1. g Pram— 2 v e - b - - 33 a3 .. & S . o
an a2t o siven 3o :;_.p..axl..w 2 2ol ¥ oavr oy IR

PR o ia B P S P N T

and Siegel (7978). Hydraulic gradients were assumed to ranze
from 10 to 40 ['~et per mile. Hydrauli2 conductivity valies
are from table . Because of the lack of site-specific

data, potential discharges have been calculated conservatively
to determine the possible extreme values. Accurate estimates

for specific mines will require site-specifiec studies.
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© Bubisn

Table .-> .~-Cround-water discharges to hypotheticai open-pit mines.

702 POST OFFICE CU o 13

OTL PAUL, HMINNESOTA 55101

Sec.l4

-

Rt

Estimated range : ) e :
)4MF7 saiuriicg tiéﬁiicig gEstimatcd sustained ground-water discharge, in
key | Approximate of drift on mine gallcns per minute
derog- location wall, in feet Drift type gZAO—aC?e spen-pit mine 400-acre open-pit mine
1 T.61N.,R.11W., 5 to 10 ! Tiil as much as 100 as much as 200
Sec.24 l
|
%
3 j T.60N.,R.12W., ! 5 to 50 2 Till and peat in | 100 to 1,300 200 to 2,000
Sec.2 ; ! northern half]
: ] j
4 ! ! sand and gravel ¢
; in southern half.g
] i i
i { l 1 |
) 4 {T.60N.,R.12W., 5 to 15 T111l; sand and as much as 200 as much as 400
: i Ssec.29 ] ‘ gravel on nnrth
& i ~ and east sides.
' T.60N.,R.12W., | 5 to 10 } Ti11l and peat. as much as 100 as much as 200
Sec.31 ' ! : | : '
\ :
- ] | : .
5 :T.59N.,R.14W. 3 -5 to 20 j Till and peats 1 as much as 200 { as much as 400
Sec.35 ‘ | yossible sand ‘
on NW margin. :
€
7
6 T.57.,R.14W. 20 to 100 Till and peat as much as 200

as much as 500
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Dunka Mine Pit. The source of the springs is buried sand

Ground-water discharge to hypothetical mines in areas 1,
4, 5, and 6‘should be rinirsl owirg to the relative imperme-
ability and small ssturated thickress of the material in the
drift. Ground-water discharge to én open pit mine located
in area 3 potentially cculd have long term and significant
impacts upon mining cperations and the local ground-water
system. Underlyiaz the terminal moraine south of the proponad

mine site are sand and gravel deposits, up to 50 feet thiuk,

3

. . - vk . = Cae
B e I oy e N R A TR I B o, iy s
p= i 3 ¢ h H b Tyl H i 7 N H R % a LR - ‘ - L

[ ¢ SIS ] .i R B N e e A S S O A R S S N 154 Y ST ST

which .

]

S

4

lying the‘Dunka River basin. Dischairge to the amine from
these deposits could be as much as 2,000 gallons pz» minute. |
Such continuous discharge would ultimately displace the Dunkz
Basin ground-water divide southward and divert streamflow
fror: the Dunka River to the mine. A similar diversion west
of the hypothetical open-pit op=ration occurs from springs

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

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

1976, and may be more at high flow.
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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 undeﬁ—
1ying the Embarrass, Dunka, and Lower Partridge Rivers are
the only viable aquifers for any extensive future development.
Of these, the surficial aquifer underlying the Embarrass

River offers the best potentiél for ground-water development.

ey
b

Siaﬁdard enginsevfég rractio? In weli-fizid desigis generally
limits drawdown at a pumping weil to two-thirds the szturated
thickness of the aquifer. Therefore, assuming a mininum '
saturated thickriess of about 155 feet, it would b= possivle
to continuously pump 2,000 galloﬁs per minute from a wzll

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 pcpulation of about

FigureLEE;--Néar he;é

2,900 people, used about 130 million gallons of ground water
in 1976. This would be equivalent to ohly 45 days of pumping’
at the given rate. Projections of increased populaticn by the
year 2000 in the region as a result of both copper and nickel

mining and expanded taconite production range up tc 15,000
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~additional people. (Bauman, 1978, written communication).

Assuming a worst case, that all the additional populatiqn
were to live in Babbitt, the five-fold increase in ground
water usage would still be well within 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 Quality

Water-quality impacts from mininglactivities upor. the

‘ground-watar and surface-water systems can be best evaluated

with respect to-the siting of potential point scurces of
chemioal contamination tO'thé hatural system, such as mincs,
taili~gs ponds, lean-ore stockpiles, and was-e-rcck dumps.
Leachates from these sources may contain concentrations of
trace metals much greater thaﬁ background c¢oncentrationsz.
For exa=ple, copper and nickel concentraticas freca pround-
water dischk=arging from a bulkmofe sample site (T.52 .,

R.11 W., sec. ) near Filson Creek are as great as 700

micrograms per liter. Nearby background values are less

. than 25 micrograms per liter. Water from observation well

H-2, finished at the base of the sample site, had copper
and nickel conceﬁtrations of 370 and 3,800 micrograms per
liter in Ap-il 1976. Cobalt concentration wzs 440 micro-
grams per liter, an order of magnitude greater tih:n general
background levels. Consequently, the location of sites for
tailings basins, stockplles, and other similar facilities
should take advantage of natural hydrogeoiogical controls
to minimize contamination of ground-vater 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 east of thefoontact ¢re generz2lly either
till or peat, which restrict infiltration and ground-water
movement. , Drift in areas 1, 2, 5, 6, and 7 generzlly is
less than'10 feet thick along and easﬁ of the contact,
and is underlain by bedrock of very low permeability.
Seepage from tailings basins and stockpiles into the
ground-water system would be minimal in these ar«as.

By placing potential.sources of leachate upon small

wetland basins, contamination to both surface-water and
underlying ground-water systems may 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 ﬁ) water bear=-
ing sand and gravel deposits are greacier than 50 feet thick
(pl. 3, part 1). Contamination to the ground-water systen
in these areas by mining accivities could be minimized by
placing stcckpiles and tailings basins several miles to *the
east or south where bedrock is at the surface or is covered

by thin depcsits of till or peat.

95



B Y

REFERENCES

Brown, Skougstad and Fishman, 1970, Methods for collection

and analysis of water samples for dissolved minerals and

gases: Techniques of Water-Resources Investigation of

the U.S. Geological Survey, Book 5, chap. A1, 160 p.

Cooper, Roger W., 1978, Lineament and structural analvsis

of the Duluth Complex, Hoyt Lakes--Kawishiwi area,

northeastern Minnesota: unpublished PhD thaoziz,

Yniversity of Minnesota, Minneapclis.
Cotter and others, 1965, Water-resources in the vicinity

of municipalities con the western Mesaii Iron Eange

nértheastern Minnesota: U.S..Geological Survey Water
Supply-Paper, 36 p.

Erskine, C. F., 1975, Report on glacial drift pumping tests

performed at the Minnamox Project, February 22 to 26, 1975,

32 p.. |

Hem, John D., 1970, Study znd interpretation of the chemical

characteristics of natu=»al water: U.S. Geological Survey
Water-Supply Paper 1473, 363 p.

a

Krumbein, W. C. and Monk, C. D., 1943, Permcability as

function of the size parameters of unconsolicated sand:

American Institute of Mining and Metall. (ng. Trans.
Petroleum Division, v.151,

p.153-163.

96



Lindholm, G. F., Ericson, D. W., Broussard, W. L., and Hult,
M. F., 1978, Water-resources of the St. Louis river water-
shed nertheastern Minnesota: U.S. Geological Survey
Hydrologic Atlas HA-586,

Maclay, R. W., 1966, Reccanaissance of the geology and
ground-water fesources in the Aurora area, St. Louis
County, Minnescta: U.S. Ceolcgical Survey Walzr-

Supply Paper 1809-U, 20 p.

Mrleolm, J&. B

., 1875, written zoxmusicatisog

Olcott, P. G., Felsheim, P. E.; and Ericson, D. W., 1978,
Water resourc-:s of the Lake Superior watershed north-
eastern Minnesota: U.S. Geplogical Survey Hydrologic

Atlas HA-582.

" Olcott, Perry G. and Siegel, Donald I., 1972, Physiography
and surficial. geology of ﬁhé Cepper-Nickel study region
northeastern Minnesota: U.S. Geological Survey Water-

Resources Investigations 78- , 41 p.

Stafk,iJames R. 19%7, Surficial geology and grouna—water
geology of the Babbitt-Kawishiwi area, northeastern
Minnesota with planning implications: wunpublished
master's thesis, University of Wisconsin, Madison

110 p.

97




U.S. Geological Survey, Water resources daﬁa fof Minnesota,
water year 1976: U.S. Geological Survey Water-Data
Report MiN-76-1, 896 p.

U.S. Geological Survey, Water resources data for Minnesota,

water year 1977: U.S. Geological Survey Water-Data

Report MN-77-1, in press.

98



e A

< Ll}"—\’) arCa )1‘271"74

1971 1973 '
. - crfan ; ! :
Crovnd Total ferfane i Grimad Teral furface  Lrousl Total . -
[ S !
i
- . 05,000 23,500 —— 137,500 132,520 i - -
—— R L0 113, 0 S == 107,260 107,000 '
337,83 Rl N | 412,300 409, 400 — 40T, 4] f Ticat-. *nt s
i-7t tates 126,34 123,000 Lo 123,200 120,100 ~--  129,1m [ Jrcatmn .
;.?::3 ‘;‘am — y e ——— 1,003 1,6C0 e 19 ' EERIS e
——— LG o — 300
4 : =15 74300 — 7.500 7,400 J— 7,400 | Trert~ -z P
511700 212,000 524,800 224,700 749,500 530,000 237,200 KO7,200 317,40 843,700 533,500 239,700 778,262 Srred
. e e :
1
'
1 . - -
' _— 59 560 — 55 503 590 500 ’
i ol ax G . 500 500 — 500
. - 13,005 13,000 —— 13,000 13,000 13,600 13,000 cam 13,060 13,090 — 13,000 !
— :.:Go 1,100 -— 1,100 1,100 - 1,100 1,187 4 e 1,190 1,160 — 1,100 )
l ——— . 16,400 16,400 -— 16,45 16,400 -— 16,400 16,400 . 16,400 16,400 — 16,400 !
' -— £, 600 6,610 -~ 6.6r0 e— 6,610 6,410 — 6,500 6,500 6,620 '
: 21,500 28,560 - 21,900 — 21,900 21,000 ce- 21,90 299 - 21,99 |
; — 2,0 2,200 — 2,100 2,200 - 20300 0 -— .
: - Syven — 3,300 3,500 — 5.500 B} — H
- 300 - 300 w0 330 300 — i
: — " 25m — 2,500 2,500 1,200 520 — 2,540 |
! <o == 11,305 me- 13,0000 13w .- 13,100 ) —— 12,139 i
: 30,100 — 39060 aatoo — 0.10 : B R . R !
! SRt T e 3 TP g e ;
— e g,e P o e . Ll el - i R
10,700 13,709 33,700 - 13,700 13,709 P 13,700 13,700 ——- 13,700 13,75
t rn LY
: - e co o 38690 35,600 --- 35,600 35,600 —— 35,550 35,600 35,000 13,600 — 35,00 35,67
! ’ o - et Lo - 1,100 1,100 - . L0 1,100 —- 1,160 1,100 —_ L, 1,103
i
f —_ 13,233 13,000 -—- 18,270 18,000 — 18,00 18000 pa 17,000 17,000 —_— 15,500 15,500 — 34,33 14,020 ;
' 2 .
N - i
; R ] 209 320 5] 507 200 200 00 5 3 a2 -y £ L
LT § B 1% 2 30 100 200 300 20 % 23] R 2
siie ¥ 5,70 --- 5,900 5,060 - 5,000 5,000 5,000 5,000 - 5,000 _— s, 5.0 !
-= - — i
N 45 192,000 199,400 300 199,000  199,3¢3 300 199,100 199,400 ) 156,500 ERE] FEEIEIE I
i
. -—- 5,000 2,300 — 2.3 - LIRS I - R i
- e o — s M
L - R T —- - - - —
_ - —— 39,060 2,300 -~ a — RN
- & i o _ B
R} 174,002,709 -m=  R7A,763,320 | 187,974,300 —ee 137,974,300 |175.454,400 ~== 195,434,200 179,180,100 e 138,220,100 1 149,052,000 ——— 149,082,000 | 104,153,700 — -
i . N 3,974, 1974,300 . ! .
E —
; €4 174,503 -— 4€,376,700 43,798,200 - A7,77F 200 | 62,300,100 — 42,800,100 | 44,200,230 - 44,200,209 49,289,970 —— 49,283,900 30,2)7,000 —- -
!
i .
1] .—— 752,05¢ 762,405 —_— 371,200 — 454,200 484,200 579,00 219,660 — 431 370 414,302
-~ 23,77 23,700 — 274,400 — 231,519 251,%0 21,500 ——
—— - — e = - - 22
1 —_ — — - 2,793, 100 ’]
[ -— —_ - 2]
| —_ — - 333,000 .
— — — - — £26,200 ) -
— — — — - -— — Hi%, 00 — )
! — P, —— — — — —— I, NN ——— )
— — —_ — — -— — — 322,109 — -3
i — 433,30 431,320 —— . 587,tN0 720,400 720,400 B ——— « 63,500 — bl
— i i - — — — [N b -
, ‘ e 1,700,950 1,779,900 — 942,830 942,800 -— 1,732,900 1,057,900 L 937,900 937,548 1,763,700 = -
. i — 03,03 143,009 - 1,001,132 1,893,100, - . £62,%00 142,570 b ees 1,%1,r00 1,541,%:0 8]
—_— 419,200 4,113,209 —— 2,323,757 2,123,800 - —— 3,143,900 3,1L3,420 —— 2,949,676 2,549,F00 2 02
— 2,836,571 2.£36,%73 —- 5,303,179 5,501,108 - 6,436,400 6,496,400 ] o Cees 11,516,800 11,816,500 -== 10,267,330 12,207,3M
: i ; i
1 f .
| —_ 220 — 159 — 100 ! 190 —
' — — - —_ _— -— — .00
l, 3,277,129 4,741,779 4,761,073 5,135,000 . $,105,00 4,207,400 4,637,200
1 27,670 23,200 28,6500 26,009 26,009 32,100 11,00
{ i - bl - - -— 23,700
l o - o . - ol - -
P = = - = - ==
i 4,763,000 173 &e000) 8,141,000 1M sae,m 6,2 wa o 4,710
] i
- - g —_ e ——1 -— - — ! - ) R e
5,000,7. 230,103,070 210,120,350 3,924,300 ."'Z.’J'"'!:w'\.?iﬁ.r.l) §,972,7 254,711,000 Wy 234,707 . I
e g rmm e e e e e 1 -
-
-~
g e e S n i g L AT A v S b £ g A e T g we,  mmme o e e e —m e ez




: C - T A T T T IR ey Sy e e
T e el . N S PR ,’tTﬁ:)fﬁ oot
S o i - - B Lo “ '},
g W13 W B 1Rw onany BOUW. R 0w o130 R
4aE, { R S 5 g N A 33° ) ;
TS R Ty T E8 R
I ) > . L
‘ \\‘} = & - - .

)
; N 1[ ~ I 64 N
jur.’?__,«; WD TIOm O /" Yivwa ty

T /L»___ (% e A L et i
- ; / /- Lol oy A 7 , Al TR ) S 3
Cs/-c/“ o £ Y{w(’/onﬁ , ey ¢ [ i v“" i

JUFEaae T s

A a7 K
T63N |5 e TeIN |

Y

(} - Z;:j]::'f W
- 8 T /vf: L/
o e &/, ol . J4 §

T.62 . P e

w—t

ey
%

\“?;2 e
\)
4

.

g

<

\

\

TBIN

. » G’ A ‘\"‘:‘C s . J 3 3 ; ) . .
' :‘;.';‘f:\ e /’ 4 /» g,k \///./ N {
- < . pois A v
4g ROISW. RwwW T6IN Vet 77K fv‘;f ot : F;\F/( 6;?

[N : k) 5 ‘ . % o
] o~ \ " N ;\!9) fr? ,/') {: / F s C/' S“ ) /\-—\Q 47745 ‘ :‘I:J
i A p AN / - / GK ey - . Lt
i . 8 “::‘ Q%h ., & { . ?4 )\1\/‘ N ‘(VJJCL ‘#__\ “\‘«,\) i b E_/ Y __/I(A \"/}/ " - gt .
=g oy TR0 S N LI B J/ e AR L 3{’“ T R
v s - ; '.;f»-"‘ T L N, q he ¥ O /’ 3{/ ® \(Q Ve ® ) o
et ,‘/\' E L T\ ‘l/ }J J NHH ~T o ,.,~-\: Y /‘1‘_ (e y\;r~/7~—~~—@ iu’.,«.,».“. . St -
e SR B S e L VT N
R | l? 'i ‘\\‘\:,\/2,,;.“ t‘\v - @ : f‘?'\b 27 1!79 /’ O b ) ’v{? \ARS ot
1 J TNIN_ @ T 0.0 « A0 SR i
i ‘33 ] P s /.,\ NN, -~ {caﬁ,g? o, ) {»@: S[Q‘y ﬁ) A S
; y { ) i 20 A,,-/ W« \ ) %’ 2\\”"‘ 2 \ﬁm - s ES
‘ ‘ R s :A-\‘.‘"F'}i', 5T \‘\/-(\ 7 4 (;{ F Olw vk
I i Fprnsarise AP . : ; P T
; Lo \\‘/ reall LR \ < — —~ § T. €0 4. st
< { \ : 3 : o Rt A
§a )~5 3 N A / / // 5 P T~ T
TSN L DAL :
o~ Voo t L ¢ 0 ) . 4 4.
4 -~ ;f ! K A N . ! X .
...:-’rr.—. e = ‘.____L"._:_““ N e . . *L e -‘-(--v'——»\:‘u"‘\-’— //, - <




.
F2oorg

2
A

et

~Tfofiom

S
&

}{ﬂ q'f v‘:(?

Conbinuows

“¢Yve

R-1TW
1. 57 N

charge
rite
0

3

-1

T’l") toch €
TEQE T PTEEY,

4
¥
N
N\

—h

i
£
1

¥ b
Y I
o {
| &
g H
E2 e
o Iy
B S g e
] T
7 ey, O %y
g 4 32
R
W N £oal
.m oy BN
CEQ e
vt ey
i B
IRl TR
- s = N gﬂ
o -5 Q
‘tn P\.SIJI
- mw Gex . O
Al g 4
W~
o b ~ 35
UG v 3
Sw Y
3 e
S £
[ 9 ,Xé I
=
[
VS
e

s

f’@,ﬂur')“,.'

I3

Fof.

&

b

Fer

fablex in

‘

er T

o
Q
€
~N
—
o
e
>

-~

¢

“Nuarnb

1 45

&7
-

/
!
B

1

o R (S

/

v /\\:.

112

L
i

=

g

P

15 ¥
LIPS Bt

i3

-
i

P

Pvioe

. €
ey o0
L) -

.

T 4 ri ) 0 Dyt e

uS b

50 h




. B
——

45 T
rean| ¢S04 R
. / ~ ' e q\\r)
) ; )L A : : o D
ﬁU’J bo Ofce T0m O | })y fraa ry et Fo -..—’.,,‘, -

U =

SOTkace o

<y H ‘3 VV

{ ’[ / - L1y
e/ afa: - .f?[a,f“ldn‘f T e

), Yo \ 4 7
T6aN |2 e ¥ L7

L C(;ﬁ’
Feenl O

aeld o N P {

SN LN N ek

~ . . PN L b

RVESC g }\> -° Yol N Bireth
}‘-

\ o - — N { ' ' v
/L-Y_.;;‘[;‘;’ o 3™ ,J'l \'\/ . \r{ T
7 At o1 TEOH
\ 1 X . / e T
| N | ) v i
| IR s :
/ 3 . S
o . - ! A : VAN N
O R S e T et St it e

\ ,‘u
n, \-i), /




b High~flow Characteristics

Flow characteristics of rivers and streams should be con-
sidered in planning and design of any developument utilizing
éor alfecting streamflow. Some flow characteristics can

Jbe defined by frequency curves that relate magnitude of
;flow to recurrance inferval. Low-flow frequency curves
|are useful in determinigg adequacy of flow when streams

are used for water supply for public, industrial, or

N,

10—

{

Iagricultural development. Indexes are sometimes selected
I

i .

| .

| from low-flow frequency curves to be used for water permit

'systems and pellution control. Some of the uses of high-

12 . .
flow frequency curves are storage analysis, planning and

13 . - ‘ ; R
vdesign of reservoir systems, and any construction within

the floodplain of a stream.

43
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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

4 ibeginning October 1, the highest mean discharges for the

indicated number of consecutive days of flow. These values

i

‘were arrayed in order of magnitude and assigned order

‘numbers beginning with the largest as number 1. Recurrence

yintervals were then determined using the formula RI =
i

g n + 1/m, where n is the numBer of years of record and m is
| N
10_!the order number. Recurrence intervals, given in years are
t
1 'reciprocals of probability of exceedence in one year so an.
12 event having a 20-year recurrence interval will have a

|
13 §1/20 or 5 percent chance of occurring in any one year.

|

14

is.  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-

{

i

I8 !charges_and a normal probability scale on the obscissa for

- - R i - - [ —~ -

g . recurrence interval. A graphical interpretation is then
i

1

so..imade fitting a curve to the plotted points.

U5 GOVERNSIENT DPEINTING QF 0




The computer program gives a second solution fitting the
frequency curves mathematically to a Jlog Pearson Type III
probability distribution. One of the asdvantages of
:mathematical fitting is that if the same theoretical
distribution is used, the results will always be the same

’ for a given set of daté. The high-~flow fregquency curves
i

7 .resulting from the graphical interpretation and the Pearson
; — !

.Type III distribution analysis are nearly the same, so

° mathematically fitted curves were used.

!
10—
1

1

i ne high-flow frequency curveé are given in tabular form

2 'in table . Extrapolation of the curves beyond the .

13 i

14 iPlace table near here.

o
15— |

|
16 ‘maximum recurrence intervals given is not recommended.

v Discharge values listed to 3 and U4 significant figures in

T
|the table are from computer printouts. Frequency curves

. -

;for these stations are not that well defined, so discharges

should generally be rounded to two significant figures.
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Table

i
;
7
s i
1
a
10—
[
i
i |
11 !
!
12
i
|
13 !
14
|
|
15—
16 |
17
18
19
20~
a1
22
23
24
o

- High-~flow characteristics,

for given number of consecutive days at various

recurrence intervals.
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Iy _h-tlow frequency curves for Partridge River near Aurorsa
have been constructed from data in table ___ and are

5 :presented in figure . The family of curves with

5-1Place figure near here.

i

7 similar shapes in this example are typical for most

N\,

8 'stations in the area. N
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Figure ~ High-~flow frequency curves, Partridge River

near Aurora.
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Data HNetwork
The U.S. Geological Survey assigns eight-digit numbers to
all siteé where there are systematic collections of
surface-~vater resources data. The first two digits of
the number refer to the part or major drainage pasin
involved. The study érea is located in two major drainage
basins, St. Lawrence River basin which is designated 0L,
and Hudson Bay and upper Mississippi River basin which is

05. The remaining six digits is the downstream order /7

|, /’/

number for the site. Numbers increase, for sites located
&..,/

farther downstream. The station identification numbers
are not consecutive to allow for new stations in future

= '

years.

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

"but because of their length and thne number of sites

involved, they are not used for most map illustrations.

Instead, a single or two-digit downstream order number was

19

20--

21

23

24

35 -

assigned to each site and used for leocation purposes on

the maps.
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17

18

21
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M

10—

20~

The water year, rather than the calendar year, is used for
surface-water records,. The water year is the 12-month
period, October 1 through September 30, and is designatead
by the calendar year in which it ends. For example, the
year ending September 30, 1977, is called the "1977 water

year".

/4"‘\

Location of sites, whére surface-water resources data
have or are being collected in %he stu&n area, 1is show? // ",
Cp]aie Cic W\ € £V "y/ .{_om Yrep a/‘/a/lmar)' Sure[;u:—wq €4 d/aﬂ::o-ro-«f/'
in figure __.A There are 16 continuous-record gaging
staticns in the data network. At twelve stations, 10 or
more years of streamflow records are available and these
records were the basis for determining flow character-

istics for streams in the ares. Pertinent information

for the gaging stations is listed in table .

( P{,‘:“"‘e« 1‘*&_&{‘; S ”5 ‘#"t’@awk ﬁtﬁ;’?l;ﬁ? \:S‘/;J[m«;wf ) '
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Staticn Drainoge
Scstlan/ﬁam- AATrea
(a1?)
S4ui5455 So Er Purtridgze River 13.5 June
acar Baoblite
ShU13330 Second Creea 29.0 Har.
Lear Aurora ne 6.§
GLOLCLLUL Tartridyge Aiver Aug.
sear Aurora
$N01€350 S, Louis River 2} Aug.
Lenr adcora

~ kil

C401T%57% wmbarracs Piver
&% LZLarress

5%/@4&1,\ L?d.f,iéj

Period of Fecoru

1977=-

1955

19k2-

19L2-

19k2~Dew. 1964

35126435 Lewisaiwi River 253 June 1566~
near wly
o v :
2532%,05 Igseoella River 341 Oct. 1952-Sept.1961
near linbella Apr. 1976-dov. 1977
N .
05124543 Filsoa Crez« 9.68 Oct. 19Tk=
near bly
35125302 Bo0. Lawiuniwi River — Oct. 195i-8Sept.19061
near Lly Apr. 1376=-
85327502 Sioay River 180 Cet. 1952-Dec. 1964
nzar Isatella
L
25125550 Stony Aiver 2193 Aug. 1975~
neAr buohitt
55124353 Sunka River b 53.4 Oct. 1)51-Sept.1962
aear Bbaibditt nc b §l) Feo. 31975~
05124213 Zo. Wewinuivi Rliver -——— Aug. 1975-
azove ite Iren )
Lawe near Ely
v’
33128520 Bear Izland River 66.5 Occ. 1752-5S.pt.21962
Lear kly Kar. 1975=-5e¢pt.1977
Tnivi BRiver > 1,229 June 1955-June 1907
neny Winton v % Cet. 1912-5epv.1919
Sepv. 1y23-
35107450 Shezewa Aiver 990 May 19&7-
wt allr
& ¢25 =eusures Apr. 12, 1676,
2€2 cfz mmasurea agr. 29, 1976.
.Lstes for sterage and diversion from Coldby Lake.
acontrivuting draeinnge arou with rospect tc surfacey rune
a sl

Maxiamun ischarge NMiaiauva

Bezm?u5£ <
(pah%} (ri/s) (Pntg)

. a/ 82

Sept.20
1577
Apr.a2,
1961
May 10,
1953
Hay 14,

1950

May §,
9, 1950

Apr. 2L,
1976

Apr. 19,
1976

Apr. 25,
1275

Nay U,
1a5k

Apr. 2T.n/

1857 .
Apr. 19,
1976
Apr. 1%,
165k

Apr. 22,
1976

Moy .3,
1654

Muy 18,
1550

Juae 12,

2570

254

3,230

5,380

1,740

L.720

3,900

5,130

2,040

2,kyo

h23

16,000

6ko

Oct. 17,
1976

Jaa. 30,
31, 1y6l

Oct. 1,
1940 and
Jan. &3~
Feo. 10,
1971

Jan.
Feb. 5,
1963

Jun. 31,
Fedb. 1,
2, 1917
Aug. oL,
22, ivol
and Segpt.
12-13,
1yT6

Oct. 12,
1560

Aug. 22,
1961

Hcy. 29,
19768

Har. 22,
1977

-——

Kov. 11,
1970

7 P

& Variens

Mess Annual
Awsol?

izcches)

s Average
< pischarge
“/s; Record” (£i’/s)

at tizes

1.2 22 22.4 ——
2.2 35 8126 ®310.83
.0 35 w2l ®1..51
«9d 22 Sl & 9.50
N5 12 223 131.57
2k 10 272 10.83
do flov 3 .17 &.07
at times
25 1 B2t -
5.6 iz 1z7 .58
6.4 2 136 8.43
Ko flow 13 35.8 9.239
at tizcs
3 2 608 ——
ke flow 12 d1.2 8.17
at times
do filovw 8 1,039 11.28
&t tixes
0.17 10 8.6 1.8

se(inclodod o wted decs o, 2
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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. Iuformation at tnese # 7
. ( P‘ac [ ‘}Qi;,{z st "/é'm,/,é d.v,;-;, ‘f?{, 1 Ea Sur ettt U T 0
sites is listed in table .» Two periodic-measurement

sites, 30 and 68, are lccated at discontinued gaging

stations, so additional iﬁformation is given in table __ .
Periodic measurements were made at site€ 8 from Decemver
1975 to June 1977, when it was\converted to a continuous-
record gaging station.

P ;
In addition to streamflow data, continuous records of

water temperature and specific conductance were collected

[= %X

P O

15—
16
17

18

[ |

i i o s e e o

19

21

22

23

~y
o

at sites T0, 79, and leA/?eriodic sediment samples were

taken at sites 70, 79, and 85,

S CGOVERNMENY
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.Table

- Periodic discharge measurement sites

Range of
Figure Station Drainage Period of discharge
plotting I.D. Station name (area discharge measured (ft3/s)
number number mi?) - measurements Maximum dininun
1 04015430 St. Louis River below 60.6 July 1976-0ct. 1977 185 0.19
- Seven Beaver Lake
near Fairbanks
2 0L015438 St. Louis River 9k.o0 July 1976- 328 0.22
near Skibo
8 04015455 So. Br. Partridge River 18.5 Dec. 1975-June 1977 /2 148 0
near Babbitt
13 oLkolshsl ~Colvin Creek ) 18.3 Dec. 1975- 136 0.25
near Hoyt Lakes
o5 04016900 Imbarrass River 17.6 Dec. 1975- 12k 0
near Babbitt
30 0L017000 ZEmbarrass River 88.3" Aug. 1975- /o - Llog 1.39
at Lmbarrass .
£3 05125400 Stony River £2.0 Dec. 1975~ 1100 0.94%
near Murphy City
66 05125450 Greenwood River 48.2 Jan. 1976-Aug. 1977 686 0
near Isabella V
68 05125500 Stony River 180 Aug. 1975 /2 2260 L.93
near Isabella ’
/& Converted to continuous record
gaging station June 197T.
/b At discontinued gaging station. -2

See

table



Flow-duration curves

Flow-duration curves aré cumulative frequency curves
that Showﬁ the percentage of time specified discharges
are egualled 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
define the cu%%s. All flow-duration curves presented in this
section are based on déily mean discharges. Flow duration
curves for streams at the 12 gaging stations having 10 or

more years of record are shown 1n figures and

Flow characteristics of streamsvare reflected in their
flow-duration curves. A comparison of ¥fow-duration curveflﬁ
for the same period of time for two or more streamsﬁ?géigéééA
differences in basin and flow characteristics of.the streams.
" The slopé of a duration curve indicates the’ vaf;labjility‘of flow.
Flashy streams 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 CUS?S'
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The shape of duration curves at the extremes is also

.of basin and flow characteristics. For example,

indicativ

n

relatively flat slcpe at the lower end of the curve indicates
that the streamflow 1s being sustained from storage from
either surface water or ground water, or a combinatlion of the
two. Whefeas, streams that drain basins where flood runoff
is held in storage will have slopes that flatten near the

upper end of the curve.



The flow-duration curve for Second Creek near Aurora

)

th

}2
oy
D
97}
-+

nag the least slope of @1l the curves for streams in

9]

Louis River basin. This indicates that.rather stable flow
conditions prevail tnroughout the entire range of flow in
the basin. Flow at this station is significantly effected
by severél types of vegetation. The amount of vegetation
has varied considerably during the 22 years of record;
therefore, the curve should ﬁot 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 U494 days when the daily flow was less than

4.6 ft3/s, but from 1964 to 1977, there have been only 13
days when the daily flow was this low. The increase in

magnitude of low flows since 1964 is caused by water from
y

mine-pit dewatering being discharged into Second Creek and its

tributaries.



The shapz of the duratlion curvec for Frartridge

nd. &¢. Louis River near Aurora, are

Riwver nepr Auror

!
v

>
effected by regualtion, particularly at the two extre@?.
Storage of fiood runoff in the off-channel Partridge Reservoir
near Colrey Lake reduces flood-flow at both stations. Largest
diversioﬁs are generally made on the rising limb of high
water. Low flows at the St. Louils River gage are supplemented

. by seepage losses from Partridge Reservoir which are related
}to stage in the reserveir. Three discharge measurements
made in the 3-mile reach abecve the mouth of the Partridge
River, which is adjacent to the reservoir, during a high

e reservolir stage ranged from 6 to 10 ft3/s increase in flow.

Similar discharge measurements made during a low reservoilr
stage (August 1976) indicated a 0.9 ft3/s loss in flow.
Low flows at the Partridge and It. Louls River gaging
stations also are augmented by the above normal flows from
Second Creek.

The slope of the flow-duration curve for Kawishiwi River

near Winton in figure is relatively straight except near
the lower end where a sharp break downward shows regulation

. o
by the Winton Hydroeslectric powerzglant. The daily mean
o _

eI

discharge was zero for 276 days out of 21,185 days of record,
which is.1.3 percent of the time. Of the 276 days of zero flow,

208 were =during 1924-28.



The 10 to 13 years of streamflow records available at
several of the gaging stations is a rather short period of
time for é%ermining long~term flow characterisfics for
future years. ToO compare the hydrology during the short
periods of record with that for the long periods of time,
flow—durafion curves were constructed for Kawishiwi River
near Winton for 1952-63 and 1967-77. From the comparison,
streamflow of the Kawishiwi River near Winton 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 Kawishiwl River near Ely and Shagawa River at Ely
were not adjusted on the basis of this cémpérisdn, because the
adjustment varied throughout the curve. Also a comparlson
of short-term and long-term flow-duration curves for St. Louis
River near Aurora indicated streamflow during 1967-77, and

1943-77, were nearly the same.



The duration curves for Kawlshlwl River near Ely andASoutb

Kawishiwi.Rivér 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 1n 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.

1
Flow-duration curves can be compared more readipy when unit

flow is used instead of 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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Most of the curves are similar in shape and poslition
between 1'4%§ 20 percent on the duration scale. The two
major exceptions are the curves for Second Creek near
Aurore, 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 unlt flows for the segment of the
curves are ay 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 15 a 1arge variation in position and shape of
the curves. For this segment of the curves, Dunka River
near Babbitt has the lowest unit flows. This part of the
flow-duration curve for Dunka River is not representative
of basin, because there are significant losses of flow 1n
the channel reach upstream from the gage during periods of
base flow. This flow loss is caused by mining activities and

is_discussed_in greater detail In the se¢ction .




Excluding Dunka
exceeding'90 percent
and Shagawa River at
located near outlets

unregulated streams,

U

Kkiver, the lowest unit flows for durations
are a% bBear Island River near Ely

Ely. ,These‘twd gaging statlons are

of large lakes. Considering only the

nighest unit fiows for this part

cf the curves are Isabellza River near Isabella and Stony

River‘near Isdabella.
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‘Arnnual hydrographs of daily flows

Flow patterns for five streams are shown by hydro-

graphs in figures  and __ . The hydrographs are con-

r
/

/structed from dally mesan discharges for the indicated water

/

years. For four of the stations, records were selected for
water years wnen annual runoff was below, near, and above
normal. These hydrographs are designated A, B, and C,
respectively. The hydfograph for Filson Creek near Ely

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

Runoff values for the water year are given for all hyéro~
graphs except South Kawishiwl River near Ely, whicﬁ 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 1f all the runoff for

the year were uniformly distributed over the basin.



Streamflow generally recedes slowly in 1éte fall and
through the winter, rises sharply during spring snowmelt,
amsd recedes during the summer;i;féing occasionally during
periods of heaby precipitation. This pattern of flow is

evident in all the hydrographs except for Filson Creek

near Ely.

Streamflow 1s g%fected by size and shaﬁe of the drainage
basin, topography, surface storage, drainage neﬁwork, geology,
solls, and vegetal cover. Additional factors which in-
fluence streamflow are the amount and areal distribution of
precipitation, hﬁmidity, 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 surfaée storage
have on streamflow is shown in the South Kawishiwi River
near Ely hydrograph. The drainage network for this station
has numerous lakes 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-
continuous. One of the larger aquifers 1s located in the
Embarrass River basin, but hydrographs for this stream
(fig. ) show that the discharge (even in wet years) 1is

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 water years, flow in pPartridge River was
SV ARt =

sustained during the winter by water fromﬂpit dewatering.

Above normal flow in the winter of the 1969 water year is

attributeq.to increased runoff from the basin because of

excessive .precipitation shortly before freeze up.
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Dreinage areca

v . . .
Drainage area size is one of tne most important character-
istics of the basin. Flow cnaracteristics for various
basin size: can be compared when they are converted to
unit values (generally per square mile). In multiple
correlation studies, drainage area is generally the most
significant basin characteristic for describing flow
cnaracteristics. In many areas, drainage area is the only

vasin 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. Geoloéical Survey 7 1/2- and 15-minute
topographic maps. The area in each basin was then plani-
metered and the resulting drainage areas are tabulated in
table _ on page __ . Areas that are non-contributing
with respect to surface runoff were determined for affec%ed

sites, and are listed in the table as "N.C." for non-

contributing drainage area.

Previously published drainage areas for gaging stations

and partial-record sites in the study area are superseded

by values given in table .

U. S, GOVERKMENT PRINTING OFFICE : 19%9 O - 511171
867-100
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River cnannel profiles
The Siope parameter nas béen found significant in many
m'*iple correlation studies that relate flow character-
istics to basi.. characteristics of a stream. Flood~-
frequency felationships héve Been developed for many areas
including Minnesota (Guetzkow, 1977), using regressions
based on drainage area, channel slope, and area of surface

storage.

Channel profiles for the major streams in the area were
constructed from river-mile distances of river crossing
contours determined from U.S. Geological Survey T 1/2-

and 1l5-minute topographic maps. Tne same scales were used
for all profiles except Kawishiwi River, to assist in

comparing shapes and gradients of the streams.

U, 5, GOVERNMENT PRINTING OFFiCE: 1959 O - S11t?21
847-10¢
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-as evidenced by

-

River cnannel profiles for streams in the upper St. Louis
' ' . .

River vpasin are snown in figure . The St. Louls River

Place figure , "Channel profiles for streams in the

upper St. Louis River basin" nearby.

decends 325 feet in the L1.2 miles (7.9 ft/mi) from the
basin divide to 04016500, St. Louis River near Aurora
The headwaters are located in énrarea of

gaging station.

lakes, marshes, and swamps, where there is little relief
the channel gradient of only 2.6 ft/mi
miles of the profile.

in the upper 17 Immediately down-

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

a gradient of 20.3 ft/mi.

The Partridge¢River channel is 35.7 miles long and nhas

an average gradient of 6.& ft/mi. Except for the steps
in the profile up and downstream from Colby Lake and near
the headwaters, the channél gradient is relatively

.

uniform.

U. S, GOVERNMENT PRINTING GFFICE ; 1959 O = S10L 71
867+ 100




10—

11

12

13

14

15—

16

17

18

19

20—

21

22

23

24

25—

Figure

St.

Louis River basin.

, "Channel profiles for streams in the upper

U, S. GOVERNMENT PHRINTING OFFICE ; 1959 O - 511171
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The channel profile for tne mainstenm of the Kawisniwi

River is shown in figure . The Kawishiwi River profile
g e p

Place figure , "Channel profile for mainstem of

Kawishiwi River" nearbpy.

was constructed using the South Kawishiwi River as the

main cnannel between river miles UL and 70. Near the

headwaters, the profile for Phoebe River was incluaed
for its channel lengtn is longer and the basin divide is
at a higher elevation than tne mainstem of the Kawisniwi

River upstream from river mile 109.5. The gradient of

the Phoebe River is 33.1 ft/mi.

The average gradient of the Kawishiwi River from its

source in nawisniwi Lake to the moutn at Fall Lake is

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

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

has a uniform drop through this reach except for minor

stepping at most lakes.

River are not identified because.of the small scale.

Some of the lakes on the Kawishiwi

V. §. GOVERKNMENT PRINTING OFFICE ;5 1959 O - 51117)
867100
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Figure , "Channel profile for mainstem of Kawishiwi

River."
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: ) The channel profiles in figure are for Stony and

3 Place figure __ , "Channel profiles for Isabella and
| 2 ~ Stony Rivers'" nearbvy.
| .
g 6 Isabellsa Rivers. The two rivers haye channel lengths
; 7 tnat are nearly the same, and both rivers descend over
! 8 LOO feet from basin divide to tneir mouth. Average

i g gradients are 11.4 ft/mi for Stony River and lOpI’ft/mi
i 10-| for Isabella River.

11

P

12 Channel profiles for smaller tributaries to St. Louis and

E L EON

2 vy

13 Kawishiwi Rivers are sheown in figure . The segment of

14

15—| Place figure "Channel profiles for tributary streams"

b 16 nearby.
17
f 18 Embarrass River located in the study area has a flat
3 s | 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 1L4.6-
22 mile reach upstream from site 30, the gradient is only
i 23 1.4 ft/mi. The river channel meanders in this reach,
\ungé€:éa which is typical for many low gradient streams.

[
"
|

U, S. GOVERNMENT PRINTING OFFICE : 1959 O = 51117}
887300
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Figure ,"'Channel profiles for Isabella and Stony

Rivers".
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Figure , "Channel profiles for tributary streams".
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1] The remaining wvrofiles in figure _ are For trivuiuries
2 to Kawishiwi Riwver. Filson Creen, which drains an ares
3 less than 10 square miles, has a gradient of 1v.2 ft/mi,
4 Tne drainage area for Duunka River exceeds 50 sguure wiles
s-| and its channel gradient is 15.9 ft/mi. The lowest
3 channel gradient for these three tributariez is 7.4 £t/mi
7 for beur Isliland River. In the lower 12.5-mile reacn of
8 this stream, the gradient is only 2.4 ft/mi.
. -
10—
1
12
13
14
15—
16
17
18
12
20— ’
KB
22
23
24
VLN SR SNUNT T vaiTe b b s . ST

LLEEN




24

10—

5 -

aﬁiﬁiy'kxgﬁb%AQQW Vi Mfig &gvg&vz;zéégégl

Surface-Water Resources

.

Surface-water resources for over 1.700 square miles are

analyzed in this sectiqgﬂof the report. Twenty-two per-
' ///”‘/ﬁ/d““’iw-’@»’ ,

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 1is tne

Laurentian Divide. North of the divide, water in the

»

+

Kawishiwi River flows througi Rainy Lake and Lake of the
Woods before turning north to Hudson Bay. Soutﬁ of the
Laurentian Divide, water in the St. Louis River flows to
the Atlantic Ocean via the Great Lakes and the St.

E

Lawvrence River.
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i'he Kawishiwi River has a drainage area of 1,229 square
miles at its mouth at Fall Lake. Shagawa River, which
also empties into Fall Lake, drains an area‘exceeding 100
square miles. Both river basins have a high density of

lakes and wetlands. Many of the lakes are interconnected

by river channels thaf form the surface-water drainage

_ /
network. Tihe drainage pattern is partly rectangular as

evidenced by nearly right:angle bends in streams which
follow lines of structural wéakness (joints and faults)
in the bedrock. Some lakes aré similarly controlled
having been formed where glaciers scoured depressions
along lines of weakness on the bedrock surface.

From its source at Kawishiwi Lake, the KXawishiwi River
flows through 18 lakesAbefore reaching Fall Lake. The

on-channel lakes comprise more than 33 miles of the total

river length of 75 mileé.

o o
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Six miles downstream from the outlet of Lake One,

Kawishiwi River channel divides with one channel running

west for six miles to Farm Lake.

The other channel

the

continues in a southwesterly direction to Birch Lake,

then in a northerly direction through White Iron Lake and

into Farm Lake. The horth 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.

\
\
\

AN

~

There aﬂffg?\\square miles of ﬁhe St. Louis River basin

5

7 ht square pites of this ares

in the study areaf/VEightyneigg

are in the Embarrass River basin which is tributary to

pidond

L

St. Louls River downstream from the study area.

remaining 290 square miles are drainage for St.

River upstream from Aurora.
The St. Louis River basin has

which range in size from very

21

22

23

24

20—

ing several square miles. In

River basin, there are only a

The

Louis

a high density of wetlands

small to large areas cover-

contrast to the Kawishiwi

few lakes in the St.

Louis

River basin and they are concentrated pfimarily near

the headwater of the St. Louis River main stem.

oow
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Partridge River is a major tributary to the St. Louils

River in the
the drainage
square miles

River.

15

study area. At the mouth of Partridge River,
area is 164 square miles compared to 129

for the St. Louis River above Partridge
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kstimates of monthly and annual discharges
| at periodic measurement sités
Water—qualityﬂsampies were obtaiﬁed at the periodic meas-
| urement sites during the 1976-77 water years, so there is
an interest in monthly and annual discharges at these
vlocations (Figure ___). River stages were read 20 to 30
times annually at thé periodic measurement sites and from

stage-discharge rating curves, discharge was determined

for each stage reading. At Embarrass River at Embarrass
and Stony River near Isabella, which are discontinued
' gaging stations, recorders were installed and a continuous

record of stage was obtained.

Hydrographic comparison techniques were used to estimate

flow between known discharges. For most sSiltes, the com~

parisons were generally good. Poorest relationships were

at sites located near outlets of large lakes. To verify

the results obtained from the hydrographic comparisons,

monthly average flows vwere estimated by another method
using the chronological relationship betweeq known'dis-
charges at a periodic site and streamflow records‘from
nearby gaging stations. There was fair to good agreement

between results from the two methods. Largest dirfferences

_streamflow.

!

i
]
were for periods when there was considerable fluctuation in
{

J
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The monthly and annual average discharges estimated by
jhydrographic comparison for the periodic measurement sites
'are considered the more reliable of the two methods and

‘are listed in table ___. The user is cautioned there

could be considerable error in values for some months.

i

}Place Table , "Estimated average montaly and annual

{

|

| discharges at periodic measurement sites for 1976-77
1

water years" nearby.

i
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‘Table

- Istimated average monthly and annual discharges

Eamiientader]

at periodic measurement sites for 1976-77 water years.:
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Figure Station

, -

2 d X
— r’sl““a}l‘//f “ 7¢»¢C/amnact/o/15c/¢/7~ef ov."lL }oe/loc/“ o Sl?LF

£,/ 197617 ot /%M:

Estimated avéruge discharges, irn cubic feet per second

Flotting I.D. Water
sumber Hunber ‘.ation/ﬂnme Year Oct. Nov. Dec. Jon. Feb. Mar., Avr. May June July Aung. Sepr. Annial

1 0L015430 St. Louis River below
Seven Beaver Lake 1976 - - - - - - - - - 33 1.3 3.4 -
near Fairbauks 1977 0.5 0.2 0.3 1.0 0.4 1.k 1.5 3.7 3k 3 13 152 2

2 04015438 St. Louis River 1976 - - - - - - - - - Ly 2.5 2.5 -
near Skibo 1577 0.6 0.bL 0.4 1.2 0.2 4.6 12 21 79 32 25 z43 S -

8 04015455 So. Br. Partridge 1976 1.7 3.2 2.3 1.0 0.9 1.7 8L 7.0 3.7 . 3.2 .z b Fa:
River neer Babbitt 1977 o o} 0 ¢} 3} 0.2 3.2 5.3 15 7.98 S.u7 f.c [ -

A

13 045015461 Colvia Craora 1476 2.2 5.3 3.8 1.9 1.7 2.8 T0 L.g 6.7 5.5 o.7 9.3 2.7,

near noyt Lahes 1977 0.6 0.9 0.8 0.5 _ 0.k .1.2 5.0 7.0 13 10 12 €3 Gz
N - T

25 04016300 Embarrass River 1976 3.8 5.7 2.5 1.1 1.2 5.3 15 5.3 7.4 1.9 0.2 .6z z.%
near Swobitt 1977 .05 L1l .05 0 0 1.4 2.8 3.9 10 4.9 3.7 27 .-

39 0401T000 LEmbarrass River 1970 Lo £2 27 12 10 19 332 L7 72 21 2.3 1.1 I
at wmbarress /b - 1977 5.3 k.5 * 1.5 1.5 1.7 15 27 38 9L 56 a1 2.2 aL

63 05125430 Stoay River 1976 27 4T 22 8.7 8.9 17 L10 50 Lo 29 1.9 .3 P
nesr Hurphy City 1977 3.2 3.2 2.3 1.2 0.9 10 36 30 1¢) [ 13 332 g2

€o 05125450 Greenwood River 1976 20 32 18 3.7 5.4 5.0 265 51 Lk 20 0.7 2.1 &0
ne.r Isovella 1977 0 0 0 0 0 0.k 5.3 5.7 42 i) 2.4 118 15

68 95125500 Stony Siver 1976 100 162 84 41 30 36 893 218 165 105 13 L.2 1i-
near lsadella /b 1277 5.4 6.1 8.3 T.7 7.0 19 50 L5 185 LY 23 Lo2 TE

/e Converted
o

%o contianucus record

g2ginyg stetion June 1977.

b A%t discontinued gaging station,
- continucus stage record available.

-l



Hydrographs of monthly mean'flow

Long-term fl@w patterns are shown in hydrographs for selected streams
in figure __. The hydrographs were constructec from monthly mean flow
data. Except for Kawishiwi River near Winton, the hydrographs were
constructed usin? complete water years of record available for these

gaging stations.

.

Thé effects of supplementing streamflow by water discharged from
Mine-pit dewatering are apparent in the hydrograph for Zecond 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 pericds 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

into Partridge River about 1,000 feet upstream from the station. _From

1955 to 1963, a monthly mean flow of less than 5 ft3/5 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 ft3/s.

3



e b 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 naturai flow is
not adequate for generatihg electricity at the Winton powerplant. Natural
distribution of ruqoff from the basin is therefore altered within each
water year. There 1is sufficient storage capacity in the reservoir system
to carry over water fro% one year to the next and alsc 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

- ——the hydrographs. For example, the Kawishiwi River near Winton hydrograph
shows streamflow wés very low in 1949, 1961, and 1977. Comparing these
three low-flow eVenﬁs, it is apparent monthly mean discharges were less
than 100 ft3/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 thé other streams.

i . =




During the spring break up in 1950, all active gaging stations in the
study area recorded maximum 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 Frequency Characteristlics

study area has

'not a serious problem.

to flooding and may be impassable

i Encrcachment on flood plains of rivers

been minimal,

and streams in

so most years flooding is

for several days

Some secondary roads are subject

the snowmelt periods in the spring and following intense

rainfall.

culverts, bridges and road grades.

e

\

Larger floods can cause conciderable damage to

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

damage to agriculture is limited.

Crops

are primarily hay and some small grain.

several paddies for cultivating wild rice have been devel-

wetlands so flood

on cleared land

In recent years,

oped in the southwestern part of the study area.
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;Over sixty percent of the annual maximum floods occgrred in
fthe spring when snow accumulated during the winter melts.
lMagnitude of flood peaks furihg the snowmelt period are
idependent on water content of the snow pack, soil condi-
;tions, weather conditions, and type and amount of additional
}érepipitation. Commonly during the snowmelt period, day-
itime temperatureé fange)}n the thirties to low fifties

Vand night time temperaturéé are below freezing. Depth of
snow in the spring is generally sufficient to reguire

many days at above freezing temperatures before the snow

pack releases water and overlénd runoff begins.

Much of the study area has heavy timber cover that partially

gshades the snow and reduces wind velocity in contact with
;
fthe snow pack. The snowmelt is thus delayed and spring

|
runoff occurs later than in most other areas of the State.

|
|

iThe flood in May 1950 Wasmtpgimaximum_qf record at all four

|
igaging stations in operation at that time. The record flood

resulted from a combination of factors including antecedewnt
conditions, above normal snowfall, a late spring with
sudden increaées in temperature, and precipitation during
the high runoff period. In 63 years there have been three

annual peaks at Kawishiwi River near Winton that exceeded

110,000 ft3/s and all occurred in May during the snowmel} period.
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frequency of recurrence of a particular magni-

tude of flow can most reliably be estimated from long-term

r——/

records obtained at gaging stations. The individual

'estim%iggmggg applicable directly only at the gage site fqr

l'which they were determined. When there are several gaging

{transferring

area ratios.

stations within an area of similar topography and drainage

to that area.
N

stream along a stream based on discharge to drainage

characteristics, however, the results of frequency analyses

can be combined to develop general relafionships applicable

Relationships may alsa be developed for

flood discharge estimates upstream or down-

H '
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12
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iwhich 10 or more years of record were available. This was

1€

i7

i

19

20—

!

1

A flood frequency curve hag been developed for each gaging

station within the study area for which 10 or more years

of flow records are availasble. 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 gederalized skew coefficient of -0.10

!

L J N
applicablé'in ghe study area. For some stations the curve

A I R
AN RS

resulting from the Log Fearson III method required slight

graphical adjustments to accurately represent the data.

For two stations the curve resulting from the Log Pearson

IIT method deviated considerably from the data plot and a

N 199¢(7)

graphical interpretation was used. Abouwt—3_yea¥s. _ago,

. flood frequency curves were developed for all gaging

|
;
i
|
1
i
i
i
!
j

i done

this

‘stations on unregulated streams throughout Minnesota for

in preparation for the flood fregquency report by

{ Guetzkow, L. C., 1977, 33 p. TFor several stations in

stgdy, tpe_a@@itiona;“dﬁﬁa obtaipgd since preyious

analysis was made and use of one value, ~o.io; for the skew

coefficient, gives results not significantly different from

the values given in that report for most stations. In the

earlier analysis, skew values in the range of 0.00-0.20

were

assigned in the Log Pearson II1I méthod. Results from

the eeverst analysis made for this study are used herein

LY GOVESNATENT fRuiine obrey [ R
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because there (as additional flood data available and
@

results from the two analysis differ significantly for

N\

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/s
"regulation of streamflow and were not included at that

I time, but they are included in this study.

20~
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Flood-flow frequency data resulting from the anslysis are

i

'

‘

I
s
i
t
|
!
I
{
i
i
I
;
|
s
|
i
!
1
j

i
|
(
i
i

listed in table and the corresponding frequency curves

are shown in figure . For gage locations where the

Table ___ and Figure ___ near here,

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.

\\

a

19

20—
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"Figure - Flood~-frequency curves at gaging stations

having 10 or more years of record available,
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Table

- Flcod-frequency characteristics at gaging

stations having 10 or more years of record available.
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Table __ ~ Flood-frequency characteristics at gaging‘stations having 10 or more years of record

available.

Figure Station Drainage Years Discharge in ft3/s for indicated
plotting  I.D. Station name area of recurrence interval, in years
nunber number (mi?) record Qo Qs Q19 Yosg Yz g
21 04015500 Second Creek 29.0 23 123 168 21L 278 3hL
near Aurora ne 6.59

22 04016000 Partridge River 161
near Aurora nec 13.3 35 1020 1690 2220 29€0 3550

24 04016500 St. Louis River 290 35 1580 2460 31L40 k100 L4860
near Aurora nc 13.3

30 CL017000 Embarrass River §8.3 22 610 1050 1390 1800 2200
at Embarrass

33 05124480 Kawishiwi River 253 11 1220 1540 1T7Lo 1980 -
near Ely

Lo 05124500 Isabella River 341 li 1930 3010 3780 L8320 -
near Isabella ’ :

58 05125000 South Kawishiwi River - 11 2330 4000 5130 66Lk0 -
near Ely

68 05125500 Stony River 180 12 830 1430 1900 2530 -
near Isabella '

79 05126000 Dunka River 53.L4 12 3Lk 493 598 ThO -
near Babbitt ne 4.0

85 05126500 Bear Island River 68.5 12 250 357 432 536 -
near Ely

86 05127000 Kawishiwi River 1229 63 5000 7500 9200 11200 13000
near Winton

87 Shagawa River 99.0 10 360 L70  s5kL2 635" —_— Py

05127230

at Ely

-
R



10—

15—~

16

1e

Records for gaging stations and periodic measurement sites
?in operation only a few years are inadequate to indicate
lexpécted flood magnitudes and other basis for flood flow
estimates must be used. From data presented in table

for the long-term stations, a plét of flood discharge
?versus contributing drainage area was‘made on full

| .

Elbgarithmetic paper for each recurrence interval included
i

?in the table. A generaz>felationship between discharge
and drainage area was apparent fron th%se plots. By
removing data for stations locétioned downstream from the
outlet of large lakes, a well defined curve of relation
could be drawn. From these curves, estimates of flood

discharges for stations with short records and for periodic

measurement sites were made. Data for gage locations

_!downstream from large lakes were used as a basis to estim-

|
I
i

'ate flood discharges on the St. Louis River below Seven

for periodic measurement sites and stations of short record

19

|
|
iBeaver Lake near Fairbanks. Estimates of peak flood flows
{
i
i

'are listed in Table __.
1

1

Table __ near here.
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! Table __ - Estimated flood-frequency characteristics &3
periodic-measurement sites and gaging stations
having less taan 10 years of record available.
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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:

| Qy = Qg (A,/Ag) 0.6

:Where: QV is flood frequency estimate for ungaged site
Qg is flood frequency value of gaged site

is drainage area for ungaged site

is drainage area for gaged site

Use of the transfer relation should be limited to sites

which differ in drainage area size by no more than 40 per

cent from the gaged site. Care must be exercised in
y transferring data so that results are reasonable. Peak
flow data should not be simply transferred upstream or

downstream across a lake or reservoir, for example.

U 50 GOVERNMENT PRINTING OFFICE : 1972 O - 457 . (54
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Table ___ - Estimated flood-frequency characteristics at periodic~ measurement
sites and gaging stations having less than 10 years of record
available.

@
Discharge in ft%/s for

Figure Station Drainage 1ndicated recurrence

plotting I.D. Station name are§ interval, in years
number number ' (mi®) Qo Q5 Qio Qos
1 04015430 St. Louis River below 66.6 192 312 ko8 510

Seven Beaver Lake
near Failrbanks

2 . 04015L38 St. Louis River 9k.0 LWL 621 813 11ko
near Skibo
8 04015455 South Branch Part- 18.5 172 282 Los -
ridge River
near Babbitt . . ; . L
13 04015461 Colvin Creek 18.3 170 280 Loo -
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 ThLO 990 1330

near Murphy City

66 05125450 Greenwood River L8.2 372 605 820 -
near Isabella

~ .
T0 05125550 Stony River 219 970 1630 21k0 2850 %2 ;
near Babbitt <

T gy
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. flood frequency data for regulated streams. For locations

20--

I

ry
[

of limited regulation, smaller flood peaks may be affected

it significantly, but larger peaks may be unaffected. Part-

'ridge River near Aurora and Kawishiwi River near Winton

are in that category. When storage in Partridge Reservoir
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

is filled before the peak flow occurs and the maximum
discharge is not affected by the regulétion. On the
Kawishiwi River, time to peak and duration of flood flows

are relatively long. Again, controlled storage is gener-

ally filled before peak flows reach the Winton powerplant.

!

. LEffects of regulation also have to be considered when using

|

- S, — RO — . OO |
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9. 1287

| ‘ - S -
! iUnit runoff for instantaneous flood peaks is low in the
‘ Estudy area. Comparing 25-year flood flows at the gaging
! 1station for example, unit runoff ranges from 8.hlto 22
4

cubic feet per second per square mile in the St. Louis

®-/River basin and 6.4 to 15 cubic feet per second per square
i
|
6 mile in the Kawishiwi River basin. The two lowest peak
i
7 unit runoff figures for 25 year floods were at Shagawa !

River at Ely and Bear Island River near Ely, which are

located near cutlets of large lakes,

13

15—~

18

23

. !
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