


Lobe till than in ground wate~ from outwash sand and gravel aquife~s. Mean and
,

median roncentrations of the major ions, specific conduc~ivity, and hardness in

water from till aquifers are about twice that fOund in wate~ from sand and gravel

aquifers and about 3 to 5 times higher than water in group C (backg~ound)

.·streams.

Ooncentrations of many chemical constituents are ·greate~ in till than in sand and
, ,.

gravel aquifers. Sil t and finer-sized particles found in the till have large

surface area to volume ratios, which place large areas of minerals in contact

With the ground water and enhances chemical reactions. In addition,. till has a·

much lower hydraulic ronductivity than sand and gravel, and the time available

for chemical reactions is at least an order of magnitude greater because of the

slow ground water TIOvanent.

Water in till is classified as TIOderately hard to very hard (Table 13), while'

water in sand and gravel aquifers is classified as moderately hard to hard.

During winter 1976, the pH of water from sand and gravel aquifers ranged from 5.8

to 7.1. The pH of water from Rainy IDbe till ranged 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 w=lls HIO and H33, which are finished in reed-

sedge peat, ranged from 5.9 to 6.2.

Figure 11 shows that the samples rollected from sand and gravel and from peat are

a mixed calcium-magnesium bicarb:mate type, based on predominant ions. This type

of water is typiCal of ground waters in rontact with CCilcic igneous minerals, as
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are found in the Study Area, and which have either a short residence time or have

been collected in a recharqe zone. Analyses plotted are of samples collected

during summer 1976, \~en qround water levels were declining in response to

drought conditions. NOrmal seasonal differences generally are not qre~t enough

to significantly alter the plots.

Figure 11

Water collected from wells in till can be classified as either a calcium maqne-

sium bicarbonate or calcium magnesium sulfate type, based on predominant ions.

The calcium magnesium sulfate water was collected from wells near the mineralized

zone between the Duluth Cbmplex and the Giants Ranqe Granite in the northern part

of .the Study Area. Oxidation of sulfide minerals in the till accounts for the

increase in sulfate concentration fiJund in. this water.

The curves connecting the median values for dissolved rolids on the semilo-

garithmic graphs (Fiqure 11) illustrate the overall chemical similarity between

water from the sand and gravel and till aquifers. Median concentrations were

chosen ro that the plots v.Duld not 'be biased with extreme values. The paralle-

lism of the curves suggests that chemical reactions betvreen surficial sediments

and the ground water are generally the same. The slight separation between the

curves indicates lonqer residence time for water moving through till.

Consequently, 1trater-quality differences in surficial aquifers are more a matter

of relative concentrations than of differences in sPe~ific ions.

• Mean values of the principal constituents in qround water from till and from sand

and gravel aquifers cb rot vary signJficantly between seasons. The semilo-
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FIGUREJ.L.

PIPER PLOT AND INDIVIDUAL SEMI-LOGARITHMIC PLOTS OF
GROUND-WATER CHEMISTRY FOR MAJOR SURFICIAL AQUIFER TYPES.
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garithmic plots illustrate the nearly identical concentrations between the median

values for the major parameters sampled during both winter and spring.

Mean concentrations of nitrate, total phosphorus, total organic carbon, silica,

and chemical oxygen demand in water from sand and gravel, r;eat, and till are rot

significantly different. Summary statistics fOr all samples collected from drift

materials (Table 43), however, give order-of-maqnitude ranges in the data, which

reflect the diversity of local hydtuchemical conditions and seasonal hydrologic

conditions. Summary statistics for selected mimr and trace metals for all

samples collected from wells in till and in sand and gravel are given in Table

44.

" "

Table 44

Cbncentrations of copper, cobalt, and nickel" generally are less than 30

micrograms per liter, but can exceed 100 micrograms per liter in surficial

material directly over the mineralized contact zone between the Duluth Gbmplex

and older rocks. These metals are probably related to oxidation of sulfide ores

found at the rontact zone and in the nearby glacial de£Xlsi ts. COncentrations of

chromium, cadmium, and lead are less, generally ranging from a to 15 micrograms
~ .

per liter. Iron is occasionally fOund in arDoolously high concentrations ranging

up to 67 milligrams r;er liter. These ooncentrations of iron.are difficult to

explain with the limited. data base, but probably reflect local chemical

conditions related to the reduction of iron in the system.

Trace and mimr metal roncentrations from water in two wells in peat are within

the same range as found in other surficial materials.
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and bedrock, or between dissolved organic carron and trace metals as miqht be

expected from chelatiOn of metals by humic or fulvic acids. The lack of these

rorrelati ' highliC)hts the romplexity of local hydrogeochemical cnnditions.

Cbncentrations of trace metals are cnntrolled by inorganic and organic mechanisms

that operate mn-uniformly over the region. An evaluation of local trace metal

concentrations requires a site-specific understanding of the local ground water

flow system ?nd the mineral and organic cnnstituents in the glacial drift.

Highly saline water has been encountered in rome bedrock areas in the Study Area

(AMAX Drill Hole 303). The rource and spatial distribution ·of this water in the

Study Area is unknown. Its occurrence in significant quantities (if encnuntered

during mining) aould present significant water quality, mineral processing, and

water treatment problems. Table 46 compares the analysis of a single sample of

the high saline water to water from a nearby AMAX bedrock qround water monitoring

. well.

Table 46

4.3.4 Existing POint Water Discharges and Land-Use Activities Effecting
Regional Water Oualtiy

Information presented in this chapter srows that the water quality of several

watersheds cannot be explained roley on the basis of natural aonditions and

surroundings, and that anthror:ogenic factors are the likely cause of rome (and in

some cases, the majority) of the variability from "background" aonditions. The

monitoring program cnnducted by the Regional Cbpper-Nickel Study was mt designed

to pinr:oint .the cause of this variability, but aomparison of water quality data

to regional point discharge and land use information offers a clue to tOOse
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Table ¥6. Cbmparison of quality of highly saline bedrock ground water to
water from nearby AMAX bedrock groufirhT<-tLfll' IfDnitorinq \vell (B-3).

----------~-_ -,.-------------
SOURCE: AMAX Data Summaries 1975~77 and L.A. narling R/ll(76.
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anthrop::>genic factors influencing regional water quality. '!he reader is

cautioned that no direct cause and effect between divergence of \vater quality

from regional background conditions and specific point discharges or land use

activities has been proven, except in the case of Unnamed Creek (BB-l).

.I
AnthrQp::>genic factors affecting regional water quality can be qrouped into two

principal-categories: p::>int discharges (sources) and land-use activities (area

sources). Another source receiving more and more attention by the scientific

community and pollution control officials which significantly affects the quality

of the reg ion's surface waters is the atrrosphere. Precipitation as a source

influencing water quality is discussed in section 4.3.5.

4.3.4.1 Point Discharges--Major p::>int discharges in the Study Area are either

municipal discharges from sewage treatment plants or industrial discharges

related to the iron ore and taconite industries (Figure 18, Table 47). Very

limited data on the quality of these discharges is available, therefore the

discussion of this subject wil~ also be limited.

Figure 18, Table 47

There are 5 major sewage treatment plants in the area covered by surface water

quality nonitoring data (Table 18). The Ely and Winton plants discharge into the

Kawishiwi watershed. The other treatment plants, servicing Babbitt, fbyt Lakes

.and Aurora, discharge into the FInbarrass, Partridge, and St. louis (downstream of

SIr-I) \"atersheds, respectively. While the monitoring data do rot pertain to the

Aurora plant, it is included in Table 48 for comparative purposes.

Table 48
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~ie '17. R:>int sour-do! discharges in Copper-Nickel Study Area
Lake Superior Watershed (Maschwitz, 1977)

L

Hoyt Lakes Wl'P
MN0043770

Hoyt Lakes mrP
MN0020206

Description
Of Discharge

fil ter backwash
untreated

primary & secondary
treatment

IEceiv'ing
Water

Colby Lake

l'bitewater Lake

Discharge
Mo/Avg

M3D

.25

.266

water
shed

P-l

P-l

Aurora WI'P

Aurora VWlI'P
MN0020494

fil ter backwash and
lime slUdge, lIDtreated

primary and secondary
treatment

St. James Pbanc1onec1 .008
<:>pen pit

. t.Jr1rlamed Creek tribu- .48
tary to St.. LOuis R.

NA

*

Bc3bbit ViWTP
MN0020656

primary and secondary
treatment

Hay Lake, to
ElnbarrassR.

.2 ,. E-2

Reserve Mining mine dewatering
002

Partridge River 8.9 P-5

.Erie Mining co.
C

MN0042552
.... -. 009 mine,pl.t water .Wyman Creek 1.0 P-l

010 " .Jt " " " 1.5 P-l'
~0042536

001 mine pit & surface runoff water Knox Creek 2.7 SL-l
005 If • ." If· .. " " . 2.5 SL-l
007 If' •• • " " " " 1.0 SL-l
008 " " If· .; " " " 1.2 SIrl
MNOO42544
002 mine pit water First Creek 5.7 SL-1
003 .. II ." II " .58 SIrl
·004 " .' ," " .. " .43 SL-l
006 If' " " .' " 2.2 SL-l

Pittsburgh mine,pit water treated second Creek 11.5. SIr!
Pacific Co. by settling p:>nd
Know Mine

Erie Mining Co. primary & secondary drainage ditch to .105 . SL-l
WWl'P . treatment swamp to Knox Creek

MN0045756
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Table iJl. ~int source discharges in Cbpper-Nicke1 Study Area
Rainy River W3;tershed (Maschwitz, 1977)

'-
Name & Permi t #

Description
Of Discharge

~ceiving

water
Discharge

rb/Avg
r-K;D

Water
shed

Ely Wl'P

MN0042137
filter backwash
untreated

Shagawa Laek ~018)a . K-2

Ely W\'TP
MN0020508

tertiary treatment Shagawa Lake 1.59 K-2

Reserve Mining
ooi ' mine dewatering,

sanitary septic system,
shop· water

unnamed Creek to
Im1ka R

2.9 0-1

. 2.2 . 0-1002

004

mine dewatering,
sanitary water,
soop wat~r

shopwater, sewage treat­
. ment plant, water treat­

: -: ment plant

Ian:Jley Creek

tkmamed tributary
langley Creek 0.22 0-1

.~ - '. 005

Winton W1'P .
MN0046485

tire shop water, taconite
stockpile wash & paint
SOOfS, septic system

filter backwash treated

Unnarhed tributary
Langely Creek

Fall Lake

0.28

.0009

0-1

K-1

Winton 'VWll'P .
MN0025283

tertiary treatment swamp to Shaqawa R.
to Fall Lake

.026 K-l·

Tower ,VWI'P "
MN0025038

primary and secondary
treatment

East ~ River to
Vermilion Lake

*

Breitung Township primary am secondary
SOudan-MN0046507

East two River. to
Vermilion Lake

.02 *

BB-I

88-1

2.3

.45"0"

Urmamed Creek to
Birch L

•" " "

mine pit water

012

Erie Mining
Dunka pit
. MN0042579
011



Table 47 a:mtd.

Name & Permit #
Description
Of Discharge

Receiving
Water

Discharge
fIb/Avg

MGD

Water
shed

U.S.Steel Corp.
Stephen Mine, Mt.

MN0003336
001
002

Iron

mine pit water
" " "

Sea:md Creek
" "

2.9
.39

SL-l
SL-l

Partridge R. & eliminated p..:.l .
Cblby Lake OCt.,1976

.72,144
Partridge R. & elimintated
Colby Lake OCt., 1976
Partr idge R.· & .05
Colby Lake

track hopper drainage
and coal pile runoff

ash pond effluent scrubber
system blowdown and
condenser cooling water
track hopper drainage

004

002
003

MN. Ibwer & Light
MN0000990
001

aDischarge once/vleek summer, once/month winter.
bDischarge every 10 days.
CDesign flow rate
WTP = Water treat.'llent plant
1M'1TP = Waste water treatment plant



Table 48. Cbmparison of sewage treatment plant effluents
(January 1976 - December 1976)

MONTHLY AVERAGE
BOD* DISCHARGE WATER

RANGE (Kg/day) MGD SHED

Winton STP 3.8-26.9 9.9 .025 K-l

Babbitt Sl'P 4.7-26.2 11.6 .321 E-2

Hoyt Lakes Sl'P 11.1-90.3 38.0 .295 P-l

Aurora STP 49.0-118.0 79.7 .452 NA

Ely Sl'P 2.4-24.4 8.0 .982 K-2 .

*Biochemical oxygen demand.



Minnesota Fbllution Cbntrol Agency rules WPC14 [Sec. 115.03, Subd 5.C (6)]

establish specific performance requirements for sewage treatment plants. Except

for tile Ely sewage treatment plant, the other four treatment plant effluents

during 1976 appear not to meet the MPCA requirements for BioChemical OXygen

nemand and phosprorus. Water quality data for the Embarrass River vklich receives

the Babbitt sewage treatment plant effluent appears to have slightly elevated

total phosprorus levels (Appendix 1), but these levels have not reached

. cOncentrations which can cause plant nuisances.

The total phosphorus aoncentrations measured at the outlet of Shagawa Lake (K-2)

alos appear to be higher when aompared to other reaches of the Kawishiwi River.

The testing treatment system at the Ely sewage treabnent plant is very effective

in reducing total phosphorus loadings to Shaqawa Lake. The higher aoncentrations

at K-2 are PDJbably due to residual phosprorus aontained in lake sediments as a

result ot years of idadequately treated effluents entering this watershed.

The major industrial s:Jurces of water discharges to lakes and streams in the

Study Area is the taconite/iron ore mining industry (Table 47). The major acti­

vity causing these discharges is mine dewatering. Table 49,compares the quality

of Reserve~qining Cbmpany discharges to tributaries of the Dunka River with the

background vmter quality data for tile Dunka River upstream of these discharges

(Station D-2). This information srows that such discharges have levels of

various chemical parameters significantly higher than background levels and that

there are also significant variations between. discharges. The impact of such

discharges on the quality of Dunka River waters can be clearly seen by aomparing

results for the D-2 and D-l stations in Appendix 1.

Table 49
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