ricure 2. DIAGRAM ILLUSTRATING CONCENTRATION RANGES AND MEDIANS
FOR MAJOR DISSOLVED CONSTITUENTS IN GROUND WATER.
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Lobe f:ill than in ground water from outwash sand and gravel aquifers, Mean and
median concentrations of the major ions, specific conduc;j:ivity, and hardness in
v;ater from till aquifers are about twice that found in water from sand and gravel
aquifers and about 3 to 5 times higher than water in group C (background)

- streams.

Concentrations of many chemical constituents are ‘greater in tiil than in sand and
grav.el aquifers. Silt and finer—-sized particles found in the till have large
surface area to wolume ratios, which place iarge- areas of.minerals in contact
with the cjround water and enhances chemical reactions. In addition, till has a-
much lower hydraulic conductivity than sand and gravel, and the time available

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

slow ground water movement.,

Water in till is classified as moderately 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 qravel aqdifers ranged from 5.8
to 7.1. The pH of water from Rainy Iobe 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 wells H10 and H33, which are finished in reed-

sedge peat, ranged from 5.9 to 6.2.

Figure 11 shows that the samples allected from sand and qravel and from peat are
a mixed calcium-magnesium bicarbonate type, based on predominant ions. This type

of water is typical of qround waters in contact with calcic igneous minerals, as
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are found in the Study Area, and which have either a short residence time or have
been ollected in a recharge zone. Anaiyses plotted are of samples collected
during summer 1976, when ground water levels were declining in response to
drought conditions. Normal seasonal differences generally are rot great enough

to significantly alter the plots.

Figure 11

Water collected from wells in till can be classified as either avcalcium magne-
sium bicarbonate or calcium magnesium sulfate type, based on predominant ions.
The calcium magnesium sulfate water was oollected from wells near the mineralized
zone betwéen the Duluth (omplex and the Giants Range Granite in the northern part
of the Study Area. Oxidation of sulfide minerals in the till accounts for the

increase in sulfate concentration found in_ this water.

The curves connecting the median values for dissolved solids on the semilo-
garithmic graphs (Figure 11) illustrate the overall chemical similarity between
»Wéﬁer from the sand and gravel and till aquifers. Median concentrations were
chosen so that the plots would not be biased with extreme values. The paralle-
lism of th; curves suggests that chemical reactions betﬁeen surficial sediments
and the ground water are generally the same. The slight separation between the
éurves indicates longer residence time for water moving through till.

Consequently, water-quality differences in surficial aquifers are nore a matter

of relative oconcentrations than of differences in specific ions.

Mean values of the principal oanstituents in ground water from till and from sand

and gravel aquifers d not vary significantly between seasons. The semilo-
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FIGURE 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 ooncentrations of nitrate, total phosphorus, total organic carbon, silica,
and chemical oxygen demand in water from sand and gravel, peat, and till are not
significantly different. Summary statistics for all samples collected 'from drift
materials (Table 43), however, give order—of—maqﬁitude ranges in the data, which
r;eflect ﬁxe diversity of local hydrochemical conditions and seasonal hydrologic
conditions. | Summary statistics for selected minor and trace metals for all

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

a4,

Table 44

- Oohcentrations of copper, obalt, and nickel generall? are less tﬁan 30
micrograms per liter, but can exceed 100 mi;:mgrarns per liter in surficialv
mat';erial directly over the mineralized contact zone between the DuluthACbmplex
and older rocks. These metals are probably related to oxidation of sulfide ores
fouﬁd at the ocontact zone and in the nearby glacial deposits. GConcentrations of
chromium, cidmium, and lead are less, generally ranging from 0 to 15 micrograms
t)er liter. Iron is occasionally found in anomolously high oconcentrations rahqinq
up to 67 milligrams per liter.l These concentrations 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 minor metal concentrations from water in two wells in peat are within

the same range as found in other surficial materials.
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i

and bedrock, or between dissolved organic carbon and trace metals as might be '
expected from chelation of metals by humic or fulvic acids. The lack of these
.oorrelaéi > highlights the complexity of'Lﬁcal hydrogeochemical conditions.
Concentrations of trace metals are ocontrolled by inorganic and organic mechanisms
that operate ron-uniformly over the region. 2An evaluafion’of local trace metal
concentrations requires a site—spegific understanding of the local ground water

flow system and the mineral and organic constituents in the glacial drift.

Highly saline water has been encountered in some bedrock areas in the Sﬁudy Area
(AMAX Drill Hole 303). Tﬁe source and spatial distribution of this water in the
Study Areé is unknown. Its occurrence in significant quantities (if encountered
dﬁring.mining) oould present significant water quality, mineral processing, and
water treatment problems. Table 46 compares the analysis of a singlé sample of

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

well.,

Table 46

4.3.4 Existing Point Water Discharges and Land-Use Activities Effecting
Regional Water Qualtiy

Information presented in this chapter shows that Ehe water~quality of several
watersheds cannot be explained soley on the basis of natural conditions and
surbodndinqs, and that anthropggenic factors are the likely cause of some (and in
some cases, the majority) of the variability from "background" conditions. The
monitoring program conducted by the Regrénal Qopper-Nickel Study was mot designed
to pinpoint the cause of this variability, but comparison of water quality data

to regional point discharge and land use information offers a clue to those
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Table ¥6. omparison of quality of highly saline bedrock ground water to

water from nearby AMAX bedrock groundwaler )mdnitoring well (B-3).

AMAX B-3 |
(Jan. 1975-Sept. 1977)

. _UNITS  DRILL HOLE 303 Range - Mean
Acidity mg/1 as CaC03 12 2 2
Alkalinity mg/1 as Ca03 6 67-95 85.8
Barium R ug/i filtered ‘170 '2-5 2.9
Chloride my/1 as Cl. 11,000 14-212 128.9
Cobalt ug/1 filtered 2.0 % 1
Copper ug/1 filtered 2.9 0.2-10 1.33
Hardness mg/1 as Cacd3 12,000 1-80 34.88
Iron mg/1l filtered 4.9 0.05 0.05
Lead A ug/l filtered 3.6 No ‘data »
Manganese mg/1 fil,tgged 0.51 . 0.03 0.03
Nickel ~ug/1 filtered 20.0 1-6 2
pH 5.8 10.2-11.6 10.4
Sodium mg/l as Na . 1,900 70-123 101.5
Specific ' ' .-
Conductivity 32,000 504~720 606.8
Sulfate mg/1 as SOy 2 1-7 4
Zinc ug/1 filtered 5.0 5 5

SOURCE :

AMAX Data Summaries 1975-77 and L.A. Darling 8/11/76.
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anthropogenic factors influencing regional water'quality. The reader is
cautioned that no direct cause and effect between divergence of water quality
from regional background oconditions and specific point discharges or land use

activities has been proven, except in the case of Unnamed Creek (BB-1).

Anthropogenic factors affecting regional water quality can be grouped into tw;
principal-categoties: point 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 region's surface waters is the atmosphere. Precipitation as a source

influencing water quality is discussed in section 4.3.5.

4.3.4.1 Proint Discharges--Major point discharges in the Study Area are éither

- 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 will also be limited.

Figure 18, Table 47

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

quality monitoring data (Table 18). The Ely and Winton plants discharge into the
Kawishiwi watershed. The other treatment plants, servicing Babbitt, Hoyt Lakes

~and Aunﬁra, discharqe into the Fmbarrass, Partridge, and St. Iouis (downstream of
SI~1) watersheds, respectively. While the nonitorinq data do not pertain to the

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

Table 48
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Table ﬂ Point sourc: dlscharges in Copper-Nickel Study Area

Lake Superior Watershed (Maschwitz, 1977)

Erie Mining Co.
WWIP .
MN0045756

treatment

swamp to Knox Creek

. Description Receiving Discharge Water
Name & Pe~i+ ¢ ~ Of Discharge Water Mo/Avg shed
MGD
Hoyt Lakes WIP filter. backwash Colby Lake 25 P-1
_MN0043770 untreated . .
‘Hoyt Lakes WATP prlmary & secondary whitewater Lake 266 P-1
MN0020206 treatment ' ‘
Aurora WIP filter backwash and St. James Abandoned  .008 NA
B ‘lime sludge, untreated open pit ;
Aurora WWIP primary and secondary Unnamed Creek tribu- .48 *
MN0020494 , treatment tary to St. Iouis R.

. Babbit WATP primary and secondary Hay Lake, to .2 E-2
- MN0020656 treatment Embarrass R. e |
Reserve Mining  mine dewatering Partridge River 8.9 P-5

002 '
‘Erie Mining Co. LI
‘MN0042552 - S . _
009 - mine pit water - Wyman Creek 1.0 P-1
010 . = " wow 1.5 P-1'
MN0042536 _ ' A )
001 mine pit & surface runoff water Knox Creek 2.7 SL~1
005 . " ® L. . ' . " 2.5 SL-1
007 . " S " " 1.0 SL~1
008 LAV S " " 1.2 SL-1
MN0042544 o ,
002 mine pit water First Creek Sel SL~1
003 - B.o® 8 " <58 SL~1
004 e i * " 43 SL-1
006 #oo® ® . " 2.2 SL-1
Pittsburgh mine pit water treated Second Creek 11.5 SI~1
Pacific Co. by settling pond - .
Rnow Mine -
primary & secondary drainage ditch to .105 . SL~1



Table 4 ‘_Z Point source dlschdrges in Copper—-Nlckel Study Area
Ra.v.ny River Watershed (Maschwitz, 1977)

: Description Receiving ,Divscharge Water
Name & Permit # Of Discharge - Water Mo/Avg shed
' ; ’ MGD
_ﬁ:ly WIP " filter beckwash Shatjav}ea Laek ;blS)a Y R=2
MN0042137 untreated ' «’
Ely WATP tertlary treatment Shagawa Lake 1.59 K-2
MN0020508 .
Reserve Mining . . : '
0ol s mine dewatering, Unnamed Creek to 2.9 D-1
sanitary septic system, Dunka R
shop water ‘ -
002 - mine dewatering, . langley Creek - 342 . D1
sanitary water, . : ‘ -
- .. shop water
004 k _ shopwater, sewage treat- Unnamed tributary n
" ment plant, water treat- lLangley Creek 0.22 D-1
o . ment plant ‘ _ .
g 005 . tire shop water, taconite Unnamed tributary 0.28 D1
' .stockpile wash & paint Langely Creek
' shops, septic system -
Winton WIP - f:.lter backwash treated Fall Lake .0009 R=-1
MN0046485 . : '
Winton WP | teftiarv freatment swamp to Shagawa R.  .026 k-1 .
MN0025283 - o to Fall Lake :
. Tower WATP * primary and secondary East two River to Jac *
MN0025038 treatment Vermilion Lake
Breitung Townshlp primary and secondary East two River .to .02 %
Soxﬁan-—lvm0046507 . Vermilion Lake )
Erie Mming
Dunka Pit
- MN0042579 : :
011 mine pit water Unnamed Creek to 2.3 BB-1
Birch L
012 £omon " " - "0 .45 BB-1



Table 47 contd. . .

Description Receiving Discharge Water
Name & Permit # Of Discharge o Water Mo/Avg shed
| | MGD
U.S.Steel Corp.
Stephen Mine, Mt. Ircn
MNC003336 ‘
001 mine pit water Second Creek 2.9 SL~1
O 0 2 ) ) ” " 11 . " w . 39 SIJ"'l
MN., Power & Light
MNO0009S0
001 ash pond effluent scrubber Partridge R. & eliminated P~1.
system blowdown and olby Lake Oct.,1976
- 002 condensor cooling water 72,144
003 ‘ track hopper drainage Partridge R. & ~elimintated
Colby Izke Oct., 1976
004 track hopper drainage Partridge R. & " .05
and coal pile runoff Colby Lake

dpischarge once/week summer, once/month winter.
Ppischarge every 10 days.

Chesign flow rate

WIP = Water treatment plant

WWTP = Waste water treatment plant



Table 48, Comparison 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-1
Babbitt STP  4.7-26.2 11.6 .321 E-2
Hoyt Lakes STP  11.1-90.3 38.0 .295 p-1
Aurora STP - 49.0-118.0  79.7 .452 NA
Ely STP 2.4-24 .4 8.0 .982° K-2.‘_

*Biochemical oxygen demand.



Minnesota Pollution Mntrol Agency rules WPCl4 [Sec. 115.03, Subd 5.C (6)]
establish specific pefformance requireménﬁs for sewage treatment plants. Except
for the Ely sewage treatment plant, the other four treatment plant effluents
during 1976 appear rot to meet the MPCA requirements for Biochemical Oxygen
Demand and phosphorus. Water quality data for the Fmbarrass River whiéh receives
the Babbitt sewage treatment plant effluent appeérs to have slightly elevated
ﬁotal phésphorus levels (Appendix 1), but these levels have not reached

- concentrations which can cause plant nuisances.

The total phosphorus concentrations measured at the oqtlet of Shagawa Lake (K-2)
alos appear to be higher when compared to other reachgs of the Kawishiwi River.
The testiné treatment system at the Ely sewage treatment plant is very effective
in reducing total phosphorus loadings to Shagawa Lake. The higher oconcentrations
» af K-2 are probably due t§ residual phosphorus oontained in lake sediments as a

result of years of inédequately treated effluents entering this watershed.

The major industrial sources 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 Mining Company discharges to tributaries of the Dunka River with the
background water quality data for the Dunka River upstream of these discharqes'

(Station D-2). This information shows that such discharges have ievels of
VariousAchemical parameters significantly higher than background levels and that 1
there are also significant variations between discharges. The impact of such

discharges on the quality of Dunka River wateps can be clearly seen by comparing

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

Table 49
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