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INTRODUCTION TO THE REGTONATL, COP?ER-NICKEL STUDY

.

The Reglonal Copper~Nickel Environmental Impact Study is a comprechensive

. examination of the potential cumulative environmental, social, and economic

impacts of copper-nickel mineral development in northeastern Minnesota.
This st '~ 1s being conducted for the Minnesota Legislature and state
Executive Branch agencies, under the direction of the Minnesota Environ-
mental Quality Board (MEQB) and with the funding, review, and concurrence
of the Legislative Commission on Minnesota Resources. :

A region along the surface contact of the Duluth Complex in St. Louis and
Lake counties in northeastern Minnesota contains a major domestic resource
of copper-nickel sulfide mineralization. . This region has been explored by
several mineral resource development companies for more than twenty years,
and recently two firms, AMAX and International Nickel Company, have
considered commercial operations. These exploration and mine planning
activities indicate the potential establishment of a new mining and pro-
cessing industry in Minnesota. In addition, these activities indicate the
need for a comprehensive environmental, social, and economic analysis by
the state in order to consider the cumulative regional implications of this
new industry and to provide adequate information for future state policy
review and development. In January, 1976, the MEQB organized and initiated
the Regional Copper-Nickel Study. .

The major objectives of the Regional Copper—-Nickel Study are: 1) to

characterize the region in its pre-copper—-nickel development state; 2) to

identify and describe the probable technologies which may be used to exploit
the mineral resource and to convert it into salable commodities; 3) to

-identify and assess the impacts of primary copper—-nickel development and

secondary regional growth; 4) to conceptualize alternative degrees of
regional copper—nickel development; and 5) to assess the cumulative
environmental, social, and economic impacts of such hypothetical develop-
ments. The Regional Study is a scientific Information gathering and
analysis effort and will not present subjective social judgements on
whether, where, when, or how copper-nickel development should or should
not proceed. In addition, the Study will not make or propose state policy
pertaining to copper-nickel development.

" The Minnesota Environmental Quality Board is a state agency responsible for

the iwmplementation of the Minnesota Environmental Policy Act and promotes

cooperation between state agencies on environmental matters. The Regional
Copper-Nickel Study is an ad hoc effort of the MEQB and future regulatory

and site specific environmental impact studies will most likely be the

responsibility of the Minnesota Department of Natural Resources and the
Minnesota Pollution Control Agency.
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4,3 REGIONAL WATER OUALITY CHARACTERIZATION

4.3,1 Introduction

Northeastern Minnesota has abundant water resources of generally high quality.
fhis resource has intrinsic estﬁetic value and is extensively used ﬁof
'recreatidnal purposes. This resource is also uséd by municipalities and industry
for a variety of purposes including appropriathan and as a receiver of waste
water. i
Historically, the extraction and refinement of base metal ore deposits has had a
damaging impact on'the environment. The niininq of- oopper—nickél sulfide ore from

the Duluth Complex will likely cause chanqes in the quality of the surface and

ground water in this region.

" There are eight different phases of the mineral operation which can affect water
quality: mineral exploration, mine'development, mineral extraction; oré and
concentrate transport, milling and ;rocessihq, cbncentrate storage, s0lid waste
-disposal, and smelting and metal refining. Besides the direct effects of mineral
dévelopment 6n water quality there are the secondary effects from increased urban

development and recreation which would accompany copper-nickel development.

_The types of pollutants and the circumstances under which they enter the aquatic
system is different for each mining phase and for different types of secondary
development. The mode by which these pollutants enter the aquatic system is by

point-discharge, area runoff, and by atmospheric deposifion.

In order to assess the potential impact of copper-nickel mining on water cuality,
obvﬂously'the quality of the region's water be understood. Thus, a comprehensive

1



reqional monitoring program was conducted for three main purposes:

1) To begin the long-term process of gathering environmental data for the
establishment of a pre-development environmental base line against which change
resultir “rom development can bhe assessed.

2) To characterize the surface and ground water quality in the Study Area.

3) To assess the susceptibility of the surface waters to potential impacts from
copper-nickel mining and associated development.

Hydrologically the area monitored is a headwater region, that is, surface flow
originates in this area. This reqgion encompasses portions of two major drainage
basins, the Rainy River basin and the St. Iouis River basin, which are separated

by the Laurentian Divide. The former drains eventually to Hudson Bay} and the

latter to Lake Superior and thence to the Atlantic Ocean via the Great Lakes.

Nine watersheds north of the Laurentian Divide ané five south of the Divide were
monitored (Table 1). The total drainage area studied north of the Divide is
3,489 kn? (1,347 mi2); and the total area south is 1,249 km2 (482 mi2). The
boundaries of the watersheds and the location of the Divide are shown in'Fiqure

1.

Table 1, Fiqgure 1

In addition, the U.S. Geological Survey monitored groundwater using wells predo-
minantly located in areas most likely to be affected by copper-nickel development
but also in other areas in order to present a general picture of qround water

quality of the whole region.

The Kawishiwi system which drains into the Rainy River is the major river north

of the Divide. Nine minor systems feed the Kawishiwi system (Table 1). This
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Table {. Regional (opper-Nickel Study watersheds (refer tr) Fiqure_ 2 for IocaEions). ;

NORTH OF LAURENTIAN DIVIDE (Rainy River Nrainage)

WATERSHED NAME

SUBWATERSHED - SUBWATERSHED

Isabella River -

Filson Creek

Keeley Creek

Stony River .

Unnamed Creek .

Dunka River

Bear Island R.

Shagawa River

Kawishiwi River

N I-1

NAME AREA (km2)
Little Isabella . 132 .~ -
< - 551

P-1 %' - 3N
| LA
KC-1 29
SR-5 L1285
SR-4 - 161
SR-3 L. 180 ¢
SR2 - 101
SR-1 - - 65
BB<l* 7 . " ' 11 .
D2 o 44
D-1 T
COBIL. i am
SH-1 256
R-6 655
K~7 236D
K~5 2620
K-4 66D
k-3 64
K-1 ¢ 63

. Little Isabella . -

FEEDER SUBWATERSHEDS

none
weoN
none ’

|
!

none

‘mone .0

rone
sr5+sré

-~ .sr5+srid+sr3

3u0+sra+sLI+sr2

~ mone -

none .. U
a2 IR

. moned

none

none

- Little Isabella+il+1lAk6 .
Little Isabella+il+fl-%cl4+srS+sri+sri+

srZ+srl+bbl+az+dl+1hHke+k7
Little Isabella+il+fl+kcl+srS+sré+sri+
sr2+sri+bbl+d2+dl+bil+lHk6+k7+kS

Little Isabella+il+fl4kcl+sr5+sri+sri+

st2+srl+bbl+d2+dl +bil+k6+k 7+k5+k4

Little Isabella+il+fl+kcl+srS5+sra+sri+
sr2+srl+bbl+d2+di+bil+shl+k6+k7+k5+k4+k3

- TOTAL DRAINAGE
THROUGH SUB-

' WATERSHED, kn2 (mi2)

132

- (50.95)
883a

(340.84)

278 ( 10._42)

292 ( 11.19)

© 125
161
466
567
6322

{ 48.25)
( 62.15)
(179.88)
(218.86)

 (243.95)

112 ( 4.25)
a4
1282

16.938)
49.41)

1778 " ( 68.32)

2563 ( 98.82)
655
14470

25360

(252.83)
(568.96)

(978.90)
2779b (1072.69)

3170 (1223.62)

3489 (1346.75)
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Table § continued.

SOUTH OF LAURENTIAN DIVIDE (Lake Superior Drainage)

' SUBWATERSHED SUBWATERSHED

WATERSHED NAME NAVE AREA (km2)  FEEDER SUBWATERSHEDS
Embarrass River E=2 s 46 . rone
’ E-1 . S 183 e2
Partridge River P-5 Yo 32 mné_-'3
P-4 . 48 none
P=3 S 47 -~ none
© . P=2 ' 137 - pS+pa+p3
- P=l : o 71 7 - pS+pA+p3+p2
St. Iouis River Second Creek 69 none |
. SL~3 g 157 none1
SI~2 S g6 . sl3
SL-1 17 p5+pd+p3+pz+pl+5eoond Creek+s13+s12
. B . T P |
Whiteface River WF-1 - v § 24 one -
WF=-2 . 124 ' none
Water Hen Creek W—l‘ : 118 ~ none

e w4 a e e

TOTAL DRAINAGE
THROUGH SUB~ .
_ WATERSHED, kmZ (mi2)

46 ( 17.76)
2293 ( 88.39)

32 ( 12.35)
48 ( 18.53)~
47 ( 18.14)
264C (101.90)
335¢ (129.31)

69 ( 26.63)
157 ( 60.60)
243 ( 93.80)
754€ (291.04)

24 (9.
124 ( 47.86)

118 ( 45.55)

SOURCE: U,S. Geological Survey, St. Paul, Minn,

dprainage area of entire watershed. '
bprainage areas estimated because of North/South Kawishiwi River split.,
€I cludes 13 km2 in subwatershed p2 defined by USGS as noncontributing.

TR e e T———
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area is predominantly forested, with pine accounting for about 30 percent of the
growth. Ninety-one percent of the sufface waters of thq study area is located
north of the divide. Mining activitieé (taconite) occuéy a small-portion of this
drainage area (0.3%). The s0il thickness north of the divide is very shallow (0-
‘3 meters) and bedrock outcropping is common. The soils are nutrient poor, high

in trace metals and acidic (see Volume 3~Chapter 2).

All waters in the qudy Area south of the divide flow through the St. Iouis
system and thence to ILake Superior. Althouah the St. Iouis River drains the
entire area, only the Partridge river joins the St. Iouis within the confines of
: fhe area monitored. This area is élso heavily forested but aspen-birch predomi-
nate. Spruce, fir and pine, in that order, are the next iﬁpartant species. The
soils deepen in this area (3—30.meters) but the qround water system is generally
- meager, although there are two excellent bﬁt small aquifers located in this
region. One-third of the area is classified as bog; and drumlins, eskers, and

other glacial features dominate the landscape.

4.,3.1.1 Monitoring Approach--The surface water quality of the Study Area was

sampled from March, 1976 through September 1977. Thirty-two stream sites on
thirteen different river systems were established, and 35 lake stations on 26
lakes were established (Figure 2). Because the area is blessed with numerous

| streams and lakes [181 lakes over 20 hectares’(SO acres) in size], critria were
established for lake and stream site selection based on location, size, shafeline

characteristics, depth, and other factors.

Figure 2
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Stream sampling was conducted on a monthly (primary), bi-monthly (secondary), or
quarterly (tertiary) basis, depending on the importance of the site and the
parameter in question. More samples were wllected at sites representing the
mouths of important watersheds than sites upstream. Stream sites were
established north and south of the Laurentian Divide (Fiqure 2); in h)th small
and large watersheds (Table 1); and in areas .upstream and downétream from known
“human disturbahce which may be affecting water quality. The primary intent was
to establish sites that would provide a representative cross-sampling of
terrestrial, topographic, and anthropogenic features which presumably affect

‘water quality.

{

During th_e secénd year of the program, some sampling siteé were dropped and the
sample ollection schedule was switched to event-samplinq.' Event-sampling pro-
vided additional information about the effeét of rainvstorm events and spring-melt
on water quality (first-year periodic sampling schedules provided some event-

oriented water quality information).

Prior to this surface water program, the U.S. Forest Service under a oooperative
'aqreement with INCO (in 1975) conducted a water monitoring program in the general
area of Fiﬂlson Creek. This program was part of a requirement pertaining to the |
permit request by INCO to the U.S. Forest Service. When the Regional Copper-
Nickel Study n'onitorind program commenced, it_was integrated with the Forest
Service program. Thus, some of the results reported he;‘e are from the U.S.
Forest. Service Program (U.S. Forest Service 1976). A complete description of the
Forest Service program and the results is on-record- at the Forest Supervisor's
Office, Superior National Forest and is integrated with Copper-Nickel Study data

files at the Land Management Information Center (LMIC), Minnesota State Planning

Agency.



Less emphasis was placed on the lake sampling program, because the large number
and diversity of lakes precluded a more complete sampliny program. The selection
of lakes was predicated on the same criteria as for stre;ms. Large ana small
lakes; headwater aqd downstream lakes; deep and shallow lakes; lakes in various
'soil types basins; and lakes morth and south of the divide were selected., Seven
lakes were sampled six times per year (Primary); énd nineteen lakes were sampled

only twice (survey lakes) (see Table 2).

Table 2 - _ o .

ébntinuous stream flow data were collected at eleven major stream sites and
stream flow data were collected at the other sites by staff and the U.S. )
'Geological Survey. Not only did this provide information about water quantity
but it also permitted evaluathﬁn of £he relatiohship betWeen concentration of

éonstituents and flow,

Ground water samples were oollected for chemical analysis\quarterly during 1976-
1977 for 12 observation wells finished in glaciofluvial sand and gravel, 11 wells
finished in the Rainy Iobe till, and 2 wells finished in peaty material. An
additional single sampling (during a drouaht period in October, 1976, when ground
water levels were extremely low) of the U.S. Forest Service campground wells was
added. This sampling included 3 wells finished in sand and qravel, 5 wells
finished in Rainy Lobe till, and 3 wells in the Duluth Complex. Three other

wells in the Duluth (omplex were sampled during 1976. Iocations of sampled wells

are given in Figure 3.

Fiqgure 3



A £33
Table &, Morphometry of lakes sampled by the Regional Copper-Nickel Study.
SURFACE DRAINAGE  MEAN MAXIMUM MEAN ANNUAL AREAL FLUSHING
HEATWATER AREA AREA _QEPTH DEPTH VOLUME DISCHARGE WATER LOAD RATE
LAKE LAKE Ay (km?), Ay (km2) 7 (m) 2 max(m) VX106(m)  OX106 (mdyr=l)  q.=0/A, e (yr=l) STRATIFICATION
Kawishiwi River Watershed -
b c b c b c
Birch . No 25.62 2536 4.15 _  7.62 106.18 596.36 490 23.28 19.1 5.62 4.61 Does not stratify.
Gabbro No 3.63 1034 3.66  15.24 13.27 254.22 193 70.03 53.1 19.16 14.54 Does mot stratify
White Iron Mo 13.85 2779 6.00 14.33 83.13 650.55 539 46.97 38.9 7.83  6.48 Weakly dimictic
August Yes .90 9.6 2.46 5.79 2.20 2.98 1.48 3.31 1.65 1.35 .67 Doés not stratify
Clearwater - Yes 2.61 9,2 7.44 14.00 19.39 2.86 1.42 1.10 .54 .15 07 Does not stratify
Lake One No 3.55 638 3.14 - 17.37 33.30 160.66 117 45.26 32.9 4.82 3.51 Stromgly dimictic
Turtle Yes 1.36 6.4 1.13 3.05 1.55 1.95 .97 1.43 72 1.22 .63 Does not stratify
Fall No 8.93 - 3489 3.99 9.75 35.70 807.59 683 90.44 76.5 22.62 19.13 Weakly dimictic
Bear Island River Watershed
Bear Island Yes 8.64 85 8.74 21.95 75.46 23.66 14.3 2.74 1.66 .31 .19 Strongly dimictic
Perch Yes .44 3.2 2.30 9.14 1.01 1.05 .47 2,39 1,08 1.04 .47 Weakly dimictic
Stony River Watershed
Greenwood Yes 5.06 105.7 1.27 2.13 6.43 29.10 18.0 5.75 3.56 4.53 2.80 Ioes not stratify
Sand Yes 2.05 41 1.45 11.58. 2.98 11.82 6.72 5.77 3.28 3.97 2.56 Does not stratify
So. McDougal Yes 1.12 37.4 .51 1,52 .57 10.84 6.11 9.68 5.45 19.02 10.72 Does not stratify
Slate No .96 466 1.51 3.05 1.45 119.19 84.12 124.16 87.8 82.20 58.07 Does not stratify
Partridge River Watershed
Colby No 2.24 332 3.13 10.36 7.00 86.31 59.2 38.53 26.4 12.33 8.46 Weakly dimictic
Big No 3.21 9.2 ? 4,57 4.92 2.87 1.42 .89 .44 .29 Weakly dimictic



Table 2 continued.

SURFACE DRAINAGE  MEAN MAXIMUM MEAN ABINUAL AREAL FIUSHING

HEATWATER AREN NAREA QEPT" DEPTH VOLUME DISCHARGE WATER LOAD RATE
LAKE LAKE A, (km2) A3 (km2) 7 (m) 2 max(m) VX106(m) QX106 (mdyr=l)  g.,=0/A, e (y=1) STRATIFICATION
St. Iouis River Watershed
Seven Beaver Yes ' 5.63 157 1.46 1.68 8.24 42,38 27.1 7.53 4.82 5.14 3.29 Toes ot stratify
Pine Yes 1.77 14.8 2.34 4.27 4.14 4.50 2.33 2.54 1.32 1.09 .56 Ioes not stratify
Long Yes 1.79 21.6 .50 1.83 .90 6.43 3.45 3.59 1.93 7.14 3.83 Does ot stratify
Other Watersheds
Whiteface Res., Yes 17.22 337 3.15 9.14 54.19 87.59 60.1 5.09 3.49 1.62 1.11 Weakly rhmlctlc
Tofte Yes .47 1.7 10.73 22.25 5.09 .56 .25 . 1.19 .52 A1 .05  Moncmicticth
Triangle Yes . 1.32 5.5 3.99 12.19 5.29 1.75 .83 1.33 .63 .33 .16 Strongly dimictic
Bass No .68 13 5.51 10.67 3.77 3.97 2.03 5.84 2,99 1.04 .54 Stronqgly dimictic
Bearhead Yes 2.74 13.1 4.49 13.72 12.31 4.0 2.05 1.46 .75 .33 .17 Weakly dimictic
Wynne No 1.15 374.9 11.1 15.85 12.80" 96.93 67.1 84.29 58.4 7.57 ~5.24 Stromly dimictic
Cloquet Yed .74 5.8 .85 2.13 .63 1.86 .88 2,5 1.19 2.95 1.40 Does not stratify

35ee Appendix BS for definitions,

n-year average.

CMarch 1, 1976, through February 28, 1977, average.

doverturns in late fall.
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4.3.1.2 Sampling Methodoloqgy and Laboratory Analysis--Surface water samples were

collected according to acceptable methods of.EPA, USGS, ‘and the Minnesota
Department of Health. Analysis of samples was performed by the USGS (Dénver),
the Minnesota Department of Health, and University of Minnespta labs. In situ
measurements (i.e. field measurements) included water temperature;~dissolved
.oxygen, specific conductance, secchi disk, and pH. Initially, both total and
filtered (0;45 micron filters) samples were callécted and analyzed. Filtering
was droppgd when it was learﬁed that certain trace metal contamination was
occurring and that there was little difference analytically between the two

sample types. Thus, all values reported, except for iron, are as "total".

All samples oollected during the study were analyzed by USGS laboratories in
. Denver, (lorado, and Salt Lake City, Utah. Sampling procedures and analytical
methodology followed USGS standards,  as outlined by Brown, Skougstad, and Fishman

(1970), with modifications to current technological precision and accuracy for

trace metals.

A suite of chemical parameters wére ahalyzed (Table 3) because regional water
quality for many parameters was desired. Thus, the water quality data developed
under this study can be used toward the estgblishment of a base line and to
assess future changes, either with or without oopper—nickel development., More
monitoring information, especially of a site specific nature, is required before
a statistically valid base line can be established whiéh addresses short- and

long-term natural and existing anthropogenic variations.

Table 3
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Table . Water quality parameter list. . -: ‘ g
General ' ' o r:.
Residue: filterable and nonfilterable m L
Turbidity Temperature
Color ‘ ~ Secchi Disk g {“
TG ’ ‘ pH
DOC Alkalinity .
Specific Gonduciance ‘ . T [—
~ Metals, Nutrients, Cations, Anions T = Memcses il [
0-79_981' Arsenic - ’ ‘ ) ) X mganese " — :
Nickel Selenium , Potassium A,
Zinc Titanium - - Sodium R [
Cadmium Phosphorus: Total & Ortho Chloride -
Lead ‘ - Nitrogen: Total, NOp, NO3, . -~ sulfate o
Iron c Kjd, NHy ‘ Flwride oy [
Aobalk . Calcim : , : Bicarbonate et
Aluminum : Magnesium : -
Mercury 7 r
1 X =
~ Others o s . -
0il & Grease Fecal Coliforms @ : S I » -
MBAS ©  Gross Alpha, Beta : - & T, -
Pherols Chlorophyll a _ i R = gt f
BOD _ Barium :

Pss )
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4.3.2 Quality of Surface Waters of the Regional Copper-Nickel Study Area

The various parameters monitored have been organized into five general qroupings

for ease of presentation. They are: (1) general parameters; calcium, chloride,

color, magnesium, potassium, silica, sodium, specific .oconductance, hardness,

turbidity, and total orqanic\carban; (2) parameters reflectinag aci-

dity and acid buffering; alkalinity, bicarbonate, pH, Calcite Saturation Index

(CSI), and sulfate; (3) nutrient parameters; total nitrogen, total phosphorus,

and Trophic State Index (TSI); (4) mineral fibers; and (5) metals} aluminum,

arsenic, cadmium, oobalt, copper, iron, lead, manganese, mercury, nickel, and

zinc.

Each grouping is discussed on a parameter—by—pafameter basis along with a
presentation of the overall levels observed for the region. The Study values are
| cpmpared to Mississippi River valﬁes (St. Paul), and to values observed in
streams in the Geur d'Alene district (Idaho), an area impacted by mining, in
order to pno;ide a perspective. Where appropriate, various water quality cri-
teria for each parameter are also prgsented, (e.g. EPA and Minnesota Pollution
-Control Agency). Copper-Nickel Study impact assessment guidelines based on
results of aquatic toxioology literature reviews and experiments are also pre-
sented (see Volume 4—Chapteril). following the parameter discussions, a general

discussion for the grouping is presented to provide a regional perspective.,

'Box plots (Figure 4), which display range, midpoint, and variability of data, are
used to make comparison between parameters and various sampling sites (Appendix
1). The line in the middle of the hox represents the median (50th percentile)

value, and the upper and lower ends of the box represent the upper quartile (75th



percentile) and the lower quartile (25th percentile), respectively. The
endpoints of the lines extending above and behﬁw the hox represent the highest
and the lowest values observed, respectively. (Data outliers believed to be
erroneous have been removed from the data bhase use for the statistical summaries

presented in this report but have been retained in primary data files.).

‘Figure 4

Analysis of variance and univariate analysis of variance methods were used to
examine the spatial variability of chemical paraméfers for the stream sites.
These tests were used to determine whether any significant differences in ;he
concentration levels exist between the monitoring site;, and if there are any
distinguishable patterns. The results of fhese-tests indiéate that six sites
show the highest levels, based on median valﬁes, of most chemical parameters:
Bob Bay (BB-1), St. Ipuis-1 (SL-1), and Partridge-l (P-1); Partridge-2 (P-2),
Embarrass~1 (E-1) and Dunka-l (D-1). 'All of the remainina sites are quite com-
parable to each other (Group C). The six sites previously listed can be divided

into two additional groups (A and B) on the basis of water quality, but the group

ranking varies parameter by parameter (Fiqures 5 and 6).

[}

Figures 5 and 6

Monlbarlnq results for the three stream grouping (A, B, and C) are summarized in
Appendix 2. The parameters which show little dlfference between the site groups
are: copper, zinc, aluminum, cadmium, mercury, oobalt mon-filterable residue,
dissolved oxyqgen, titanium, methylene blue active silica (MBAS), selenium,

silver, 6il and grease (0&G), biochemical oxygen demand (BOD), turbidity, total "
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organic carbon (TOC), the various radioactive measurements, nitrate and nitrite

(NO3 & NOy), amonia (NMH3), and total Kjeldahl (KJD) Nitrogen. The

following parameters generally appear to be higher in group A than group B with
both groups higher than group C: nickel, calcium, magnesium, hardness,

filterable residue, pH,.specific conductance, alkaliniﬁy, bicarbonate, éulfate
(504), dissolved inorganic carbon (DIC), silica, hanqanese, fluoride, chromium,
potassium, fecal coliform, ortho phosphorus, and total phosphorus. In ocontrast,
other parameters (lead, iron (both total and dissolved), complexing capacity, '
color, chloride, arsenic, chemical oxygen demand (COD), barium, and total '
.nitrogen) resulted in the relationship of group B streams higher than both groups

A and C. Four parameters were higher in group C than in groups A or B:

dissolved organic carbon (DOC), hydrogen ion (H'), sodium, énd cyanide.

,Wﬂile generalized statements of classifications based on the water quality of
streams can be made, enough variability exits to justify caution when applying
these generalizations to impact assessment. For example, group C stations are
considered to be representative of relatively undisturbed watersheds for this

érea of mortheastern Minnesota and can be oonsidered indicative of background /

lévels. Group A and B stations are located in watersheds where significant human
disturbance of the land has occurred. However, caution is required when linking
the increased (or decreased) water quality parameter value observed to specific
human activities in.the.watershed. Geological and topographical natural

conditions within the watershed; such as natural weathering of outcrops of

sulfide materials cannot be overlooked.

The lake data base was mot large enough to permit a similar evaluation (see

Appendix 3 for lake summaries).



4,3.2.1 General Parameters~-Calcium is a major constituent of many common

igneous-rock minerals (such as feldspars, pyroxenes, and amphiboies) and is
widely distributed in soils. Waters draining such reqions contain varying con-
centrations of calcium, generally in the ionic form (Cat2), Because of the
relative insolubility of igneous rocks compared to seéimentary materials such as
limestone, calcium ooncentrations are generally low in waters draining igneous
basins such aslthe Study Area (Refer to Volume 3;Chapter 1 for a detailed
discussion on the geology and mineralogy of the area). Calcium concentrations of
surface waters in the Study Area are generally lower than waters of the
Mississippi River where it enters the municipal waterworks in the Twin Cities
(Table 4). The lower calcium values for Study Area waters are probably due to
the characteristics of the rocks and sails'of the Study Area, the principal -
source for calcium. Rocks and glacial materials of most of the Study Area are
less calcareous than elsewhere in the statg; On the othef hand, calcium n-
centrations of waters in the Study Area are comparable to those‘of the eur

d'Alene River, Idaho, which drains an area of Precambrian igneous rocks.
Table 4

IS ’ .
Acidification of surface water by acidic precipitation or by acid-mine drainage
is an important environmental issue. (See section 4.3.5 of this chapter).
Frequency distributions (not shown) were used to examine the susceptibility of
surféce‘waters to acidification. For stream waters rorth of the Laurentian
Divide; 84 percent of the calcium levels measured were at or below 10 mg/l, and

93 percent of the values were at 15 mg/l, or lower. South of the Divide only 29

percent of the values were 10 mql/l, or less, and 84 percent of the values were

10



Table ‘f Comparison of surface water quality data from the Regional
COpper-Nlckel Study Area to standards and impact crlterla and to
other rivers in the United States. .

Calcium (Ca) in mg/1l (November, 1975, to April, 1977)

RANGE MEDIAN _SAMPLE SIZE
Streams ‘1.8-80.0 7.4 333
Lakes  1.9-46.0 7.2 . 129

Standard: and Protectlon Gu:Ldelmes

CURRENT ECA PROPOSED FCA . : CU-NT

STANDARDS2 . STANDARDSP EPA CRITERIAC GUIDELINESA

N .M - S

Canparatlve Data in rrg/l

'MISSISSIPPI RIVER®
(St. Paul) - COEUR D'ALEZNE RIVERE

38.8-51.3 -~ 6.8 -

aanesota State Regulatlons, WEC 14 and 15, 1973 Supplément.,
bpraft Revision of MPCA Water Quality Standards, January 26, 1979.
Couality Criteria for Water, U.S. Envirormental Protection Agency,

July, 1976.
éReglonal Copper—Nlckel Study, Volume 4-Chapter § i Sectlon »

f., :
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31.5 ﬁg/l or less. Clearly surface waters in the southern portion of the Study
Area oontain, on the average, more calcium (although both areas have low levels),
Awhich o aoubt reflects the presence of calcareous glacial material which is

largely absent north of the Divide. The significance of these results as they
pertain to the susceptability of surface waters to aciéic precipitation is

discussed in more detail in section 4.3.5 of this chapter.

For lakes no?th of the Divide, 84 percent of the sahples wére 10 mg/1 or less
(the same as measured in streams). For lakes south of the Divide, 59 percént of -
the.values were 10 mg/l or less and 84 percent oé the values were 22 mg/1 or
less. This comparison shows that lakes south of fhe Divide tend to remove the

calcium from stream waters, andllakes north of the Divide tend to reflec£ stream

calcium values.

Other than spring events, concentrations of calcium in streams.of the Study Area
were generally independent of flow except in the St. Iouis and Partridge River
systems. The concentration of major cations and anions in these streams were
significantly higher than any other stream studied, except for Unnamed Creek (BB-
1). During runoff and storm events, the éhemical mass contributﬂén from the
atmosphere wés small compared to that already in the wateréhed from natural
(bedrock and soils) and anthropogenic (ﬁininq, road salt, etc.) sources, =0 the
net observed effect was dilution by the event water. In other watersheds where
cation and anion concentrations were not so large, the influence of atqospheric

inputs was greater and may be a dominant process affecting observed water

quality.

Tofte Lake had greater calcium levels than (olby and Wynne, which in turn were
greater than all others. Although the presence of higher calcium ooncentrations

11



in Glby and Wynne can be explained by their location in watersheds affected by
mining, the same cannot be said ﬁ5r beté. The chemistry of Tofte Lake is pro-
bably closely related to either qroundwéter seepage, surroundinq soils, or its
sediments, but specific data explaining the higher (31 mg/1 median, 46 mg/l

maximum) calcium levels found in this lake are mot available,

Chloride, the most widely distributed halogen in natural wéfers, is found in the
Study. Area in apatite and amphibole minerals. Upon weathering, chloride’ ions
(C1™) are released into solution. High ooncentrations are usually asééciated
with either high-chloride qnoéndwater seepages, road salt applications, or
industrial wastewaters. Chloride is mot very reactive chemically, and is there-
fore very mobile. It does mot significantly adsorb onto mineral sﬁrfaces, is ot
iﬁvolved in key biochemicai processes, forms no significant complexes with other
_iohs, forms no salts of low solubility, and énters into few oxidation-reduction

reactions.

Chloride ion in high oconcentrations represents a part of the total dissolved
solids in water. It can be detected by taste and can 1eaﬁ to consumer rejection
of-the water supply. On the basis of taste, the wide range of taste perception
of humans, &nd the absence of information on objectionable concentrations, the

U.S. EPA recommends a limit for public.water supplies of 250 mg/1 chloride‘(EPA

1976) .

Chloride concentrations were relatively constant over time throughout the reqgion,
with the qreatest variability at the seven stations Which exhibited higher
concentrations (BB-1, D-1, SI~1, P-1, P-2, P-5, and F-1)(Appendix 1). Elevated

levels at:these stations may be the result of road salt (sodium chloride), dust

12



suppressants (calcium chloride) or sewage effluent from cities or taconite mining
operations., Table 5 shows the amount of road salt used in this area for the

winter period 1975-1976.

Table 5

The median chloride.ooncentratioh in lakes was about 1.6 mqg/l (Table 6), the same
as for group C streams (remember that group C streams are considered background).

Streams in disturbed areas (group A & B) had median values 5 to 10 times higher

than background (see Appendix 2)}

I~

Table 6

~

The color of natural waters is caused by the presence of organic material (e.q.

humus, peat materials, algae, weeds), organic acids, and inorganic compounds

(e.g. iron, manganese).

The intensity of color in a water sample is determined by comparing it to a
standard platinum-cobalt solution. Because olor is a composite property that
may result from a variety of constituents, a direct relationship between clor

and ooncentration of any given oraanic or inorganic constituent is not expected.

Increasihg oolor in lakes and streams appeared to be primarily related tobthe
total organic carbon and dissolvéd iron (Mustalish et al. 1978). In addition,
greater oolor was associated with two terrestrial characteristics——increasing
soil depth (the drumlin areas) and the presence of bogs in a watershed. These
conditions are found, for the most part, in the southern portion of the Stuay

Area betweéen South McDougal Lake and Whiteface Reservoif. By contrast, areas in

13
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~ Table s, Application of road sélt in northeastern Minnesota during wfnfe’r’ season 1975-1976,

RESPONSIBLE AGENCY

District 1B

»

- COMMUNITY AMOUNT TYPE Mun Onty State
Aurora Approx 26 tons Fortified ice X X No State Highway
: . ‘control salt '
Babbitt Approx 10 tons + Crushed rock salt - o
. Approx 10 tons Chloride pellets X X No State Highway
Biwabik Approx 40 tons - | Crushed rock sali; X . X X .
Ely Approx 28 tons - Crushed rock salt X X X
Eveleth Approx 30 tons Crushed rock salt X X , X
- Gilbert Approx 40 tons Crushed rock salt i X X ,
Hoyt . :
Lakes Approx 5 tons Crushed rock salt . X No State Highway
Tower Approx 3 tons Sand & crushed % X X )
' rock salt
Virginia Ppprox 100 tons ‘Crushed rock salt X X X
St.Louis Approx 3,884 tons Sod. (hol.
County Approx 10 tons Cal, (hol "
Minn. Dept. |
of Trans- Includes parts of
portation Approx 9,253 tons Rock salt X St. Iouis, Keochiching,

and Itasca oounties
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Table b. Comparison of surface water quallty data from the Regional
Copper—Nlckel Study Area to standards and impact criteria and to
other rivers in the United States.

Chloride (Cl) iﬁ mg/liter (November, 1975, to April, 1977)

RANGE MEDIAN SAMPILE SIZE
Streams 0.1-88.0 2.0 ' - 462
Lakes  0.1-9.3 1.6 94

~.

_ Standards and Protection Guidelines

CURRENT PCA PROPOSED PCA N . QU-NI
STANDARDS? STANDARDSR EPA CRITERIAC GUIDELINESd
250-demestic 250-cdomestic 250-damestic ,
consumption consumption © consumption NA
50-250- L e e ,
" industrial S gl EEELC em S
consumption v ® S TR '
’ Cbmparatlve Data in mg/liter - ) ) - ;*.i‘
MISSISSIPPI RIVERE T o - o
(St. Paul) COEUR D'ALENE RIVERE L
8.6-16.5  Nodata . . owe T

'QMinnesota State Regulations, WEC 14 and 15, 1973 Supplement.
bpraft Revision of MPCA Water Quality Standards, January 26, 1979.
cQuallty Criteria for Water, U.S. Envirommental Protection 2gency,

July, 1976.
éReglonal Copper~Nickel Study, Volume 4-Chapter 1, Section .

f .




- which frequent bedrock outcroppings occurred and where s0il depth was: minimal had
less colored water, and water of less variable color., The Kawishiwi River
system, which drains the rorthern portion of the area, is low in oolor and is a*

good example of such oconditions.

Water olor in the Study Area was higher than that reported for the lower
Mississippi by the Geological Survey, but only St. Iouis River water was higher

than that reported by the Minneapolis Water Works (Table 7).

Table 7

Magnesium is typically found. in several igneous rock types including: olivine,
pyroxenes, and amphiboles. It is also a constituent of such altered rocks as

chlorite, serpentine, ilmenite, and talc, and is widely distributed in soils.

In natural waters, its most common soluble form is asAnaqnesium ion (Mgt2).
Because magnesium is less abundant than calcium in most rocks, maqnesiuﬁ oon-
centrations in wéter are usually less than calcium and this was observed in the
‘region's surface waters. Although differential retention of magnesium (in com-
parison with calcium) has been reported for some very dilute waters of
northeastern Wisconsin (Hutchinson, 1957) there is no evidence of such a process

in the Study Area.

Seasonal variations of magnesium concentrations were slight. Like calcium,

magnesium concentrations were found to be relatively oconstant over a wide range

of stream discharges.

Maqnesium was found to ocorrelate (P -0.05) with calcium, suspended solids, total
dissolved solids, and conductance. Like calcium, magnesium values were higher in

14




Table 7. Comparison of surface water quality data from the Régional
Copper—-Nlckel Study Area to standards and nnpact criteria-and to
- other rivers in the United States.

Color values in platinum-cobalt units (PCU) (November, 1975, to April, 1977)

RANGE MEDIAN SAMPLE SIZE -
Streams 4-500 . 90 463
Lakes . i-400 . 80 - 141

Standards and ‘Protect_:ion Guidelines in PCU

~ CURRENT PCA PROPOSED PCA ' - ‘ : CU-NI
STANDARDSE STANDARDSP EPA CRITERIAC GUIDELINESA
15~domestic 75~-domestic ~ 75~damestic
consumption consumption * consumption NA
'30-fisheries . : Ti ER L

and recreation

Comparatlve Data in PCU

stsxssxppr RIVER® o =
(St. Paul) COEUR D'ALENE RIVERE

19-120 . Mo data C T

@Minnesota State Regulations, WPC 14 and 15, 1973 Supplement.
bpraft Revision of MPCA Water Quality Standards, January 26, 1979.
Couality Criteria for Water, U.S. Envirommental Protection Agency,

Julyé 1976.
Regxonal Copper-Nickel Study, Volume 4—Chapter 1, Section -

7 f




disturbed watersheds and those with deep soils, such as Bob Bay (disturbed) and

the St. Iouis and Partridge watersheds.

Magnesium values were highest in watersheds impacted by mining, includinag Bob Bay
(BB-1), St. Iouis (SL-2), and Partridge (P-1) watersheds. As with calcium,

magnesium concentrations in lakes are comparable to background stations (Table 8

and Appendix 2).

Table 8

With the exception of Bob Bay and the St. Iouis River, concentrations of
magnesium in Study Area waters were lower than in Mississippi River at the Twin

- Cities municipal water intakes and geﬁerally comparable to Twin Cities tap water.
The higher maghesium ooncentrations of the lower Mississippi reflect the passage |
of this river through areas of Minnesota overlain by qlaéial tills higher in
calcium and magnesium than the surficial materials of the Study Area. As is the
case with calcium, magnesium content of the (oeur d'Alene River is comparable to

that of waters in the rortheastern part of the Study Area. .

The.occurrence of potassium in the environment is closely related to sodium,
except that potassium feldspars are more resistant to weathering than similar
sodium compounds. As such, potéssium is usually found at lower concentrations
than sodium in water from igneous basins. In surface_waters, potassium is
usually present in ionic form (K'). Potassium concentrations in streams were

relatively oonstant over time.

Spatiél variations in potassium values appear to be related to the degree of

disturbance of the watershed. The highest median values were observed in St.

15
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Table 8. Comparison of surface water quality data from the Regional
' Copper-Nickel Study Area to standards and impact criteria and to
other rivers in the United States.

Magnesium (Mg) in mg/liter (November, 1975, to Aﬁ)ril, 1977)

RANGE MEDIAN - SAMPLE SIZE
Streams ~ 1.0-40.0 3.8 - 333
~ Lakes - 0.6-12.2 3.1 129

Standards and Protection G_uidelines

-CURRENT PCA’ PROPOSED. FCA o . CU~NI
STANDARDS® STANDARDSP EPA CRITERIAC GUIPELINESS

NA . A S ' NA

Comparative Data in mg/liter

MISSISSIPPI RIVER® 4 A
(St. Paul) COEUR D'ALENE RIVERE - ‘ D e i

11.9-19.0 . "3.02.

@Minnesota State Requlations, WPC 14 and 15, 1973 Supplement.
bpraft fevision of MPCA Water Quality Standards, January 26, 1979.
CQuality Criteria for Water, U.S. Envirormental Protection 2Agency,

July, 1976. | | .
dregional Copper-Nickel Study, Volume 4-Chapter 1, Section s
e : (B —
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Iouis (SL~1), Partridge (P-2), Dunka (D-1) rivers, and Bob Bay (BB-1), areas all
impacted by taconite mining. The Embarrass watershed also showed elevated
levels;apossibly due in part to urbanization and/or silviculture. Lake water
potassium concentrations were comparable to background levels found at Group é

stations (Table 9 and Appendix 2).

Table 9

Potassium values in the most heavily impacted streams were comparable to
Mississippi River values of the Twin Cities municipal watef intakes. Potassium
values in the St. Iouis River (Sirl), slightly exceeded thése in Twin Cities _ |
drinking watef, as might be expected based on the composition of bedrock in the.
Study Area as oompared with the potassium soufces elsewhere in the state.

‘Potassium values in the Geur d'Alene River, Idaho, are comparable to those of

the Study Area.

Siliéa in the form of silicon in the tetrahedral structure SiOjp~4, is the

basic unit of most igneous rocks, and was identified in nearly all minerals ana—
lyzed from the Study Area. Silica is ocommon in natural waters in the form of
Si0y, as a result‘of weathering processes. Silica is an important (in some
cases limiting) nutrient for diatoms and is also used by chrysophytes and fresh-
water sponges. In the surface waters of lakeé;it undergoes a seasonal cycle of
depletion following diatom bloomé and redistribution at turnover. Bottom waters
of thermally stratified lakes exhibit increased ooncéntrations of silica during

anaerobic periods, possibly because of reduction of ferric silicate from the

sediments.
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Table J. Comparison of surface water quality data from the Regional
- Copper-Nickel Study Area to standards and impact criteria and to
other rivers in the United States. '

Potassium (K) in 'mq/liter (November, 1975, to April, 1977)

RANGE MEDIAN SAMPLE SIZE
Streams 1 0.2-8.4 0.6 o300

" Lakes 0.2-2.2° 0.6 84

Standards and Protection Guidelines in mg/liter

CURRENT PCA PROPOSED PCA ' . CU-NI
STANDARDS2 STANDARDSD EPA CRITERIAC GUIDELINESA

S - oo - T M- NA

. Comparative Data in mg/liter

MISSISSIPPI RIVERE )
' (St. Paul) . QOEUR D'ALENE RIVERE

T 2,027 098

dMinnesota State Requlations, WPC 14 and 15, 1973 Supplement.
bpraft Revision of MPCA Water Quality Standards, January 26, 1979.
. CQuality Criteria for Water, U.S. Envirormental Protection Agency,
July, 1976. _ ‘
éRegional Copper-Nickel Study, Volume 4-Chapter 1, Section .
e . I
4



‘

Within the Study Area spatial variations were closely related to the presence or

i

absence-of upstream disturbance. Stations downstream of mining (BB-1, SI~1, P-1,
and P—5; exhibited hir‘;her oncentrations of silica than those upstream (Appendix
1). The highest concentrations of silica in lakes were found in Gabbro and
Wynne, with the lowest concentrations in Tofte and Clearwater. Temporal

variations of silica were rot analyzed.

+ The range of silica concentrations in the Study Area is broader than those in the
Mississippi River at St. Paul. The median concentration of silica in Group C

(undisturbed) streams is greater than in lakes within the Study Area (Table 10

and Appendix 2).

Table 10

Sodium in the Study Area occurs in unaltered minerals, particuiarly feldspérs

. (e.g. plagioclase) and amphiboles, as well as altered minerals, such as smectite.
Plagioclase, the main source of sodium in the Study Area, readily yields its
sodium, and some silica, into solution when in contact with water, where sodi(:m
is found in ionic form (Nat). Although it is rot oonsidered one of the ten
elements essential to plant growth, sodium is activeiy cbncentrated by aquatic

plants, suggesting some metabolic need for the element.

Watersheds exhibiting anthropogenic disturbances had the highest median con-
centrations of sodium in solution, i.e. background stream sites have lower sodium
levels (Appendix'Z). It is not unusual to expect sodium trends to parallel

chloride. trends. No clear spatial distinctions were observed in the lakes

monitored.

17




Table 0. Comparison of surface water quality data from the Regional
Copper~-Nickel Study Area to standards and impact criteria and to
other rivers in the United States.

silica (Si) in mg/liter (November, 1975, to April, 1977)

¥

RANCE . MEDIAN " SAMPLE SIZE

Streams 1~34 T ges
Lakes - 1-19 0 4.8 135

’

Standards and Protection Guidelines in mg/liter

CURRENT PCA  PROPOSED PCA . | CU-NI
STANDARDSA STANDARDSP EPA CRITERIAC GUIDELINESA

NA om L m oW

~

Ccmparatlve Data in mg/llter

MISSISSIPPI RIVERE C
(St. Paul) : CCEUR D'ALENE RIVERE

5.7-11 ..  Nodata i

@Minnesota State Regulations, WPC 14 and 15, 1973 Supplemeht.A
bpraft Revision of MPCA Water Quality Standards, January 26, 1979.
Couality Criteria for Water, U.S. Envirommental Protection Agency,

Julyé 1976. :
Reglonal Copper—NJ.ckel Study, Volume 4-Chapter 1, Section .

f :



Sodium concentrations across the region were constant over time except in the
Partridge River where decreases in concentration accompanied increased flows.
Somewhat more limited dilutional effects were observed at peak of spring melt in

the Dunka, Stony, St. Iouis, and Kawishiwi River systems.

Spdium concentrations in the St. Iouis and Partridge Rivers are comparable (or
- higher than) thdse in the lower Mississippi at the Twin Cities municipal water
intakes (Table 11). oncentrations in the Kawishiwi River and Filson Creek
(Appendix 1) are somewhat lower than in the (oeur d'Alene River, idaho, perhaps

because of the greater deqree of surficial disturbance by mining in the Qeur

diAlene watershed.

Table 11

Specific conductance is a measure of water's ability to conduct electrical

current, which in turn is the result of the presence of charged ionic species.

In undisturbed igneous basins, characterized by iﬁsoluble rock, weathering is
expected to occur slowly. This should be reflected in low mncentrations of
dissolved ionic species and, coﬁsequently, lowl conductivity levels. This pattern
was observea in the Study Area. Sites downstream from disturbed areas had median

specific conductance levels almost six times higher than background sites (Group

C) and lakes (Table 12 and Appendix 2).

Table 12

Hardness of water is an old term related to its capacity to form insoluble com-

pounds in the presence of soap. Historically, hardness was measured by titration
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Table ||, Comparison of surface water quality Cdata fr'om the Regional
Copper—Nlckel Study Area to standards and impact crlterla and to
other rivers in the United States. i

" Sodium (Na) in mg/liter (Novémber, 1975, to April, 1977)

RANGE MEDIAN SAMPLE SIZE '

Streams. - 0.2-45.0 1.8 304
Lakes ~ 0.8-18.0 1.8 7

-

Standards and Protection Guidelines in mg/liter

CURRENT PCA - PROPOSED PCA - CU-NI
STANDARDS@ STANDARDSP EPA CRITERIAC GUIDELINES

NA - T ' o

. chﬁpérative Data in mg/liter

MISSISSIPPI RIVERS ) T B SRR
(St. Paul) COEUR D'ALENE RIVERE SR
6.2-14.0 - 3.6

@Minnesota State Regulations, WPC 14 and 15, 1973 Supplement.
bpraft Revision of MPCA Water Quality Standards, January 26, 1979.
Couality Criteria for Water, U.S. Envirommental Protection Agency,

July, 1976.
éRxeglonal Copper-Nlckel Study, Volume 4-Chapter 1, Section .
y f




Table 12. Comparison of surface water quality data from the Regional
Copper-Nickel Study Area to standards and impact criteria and to
other rivers in the United States. ' .

Spécific _..ductance values in micro-mhos/cm at 25°C
(Novermber, 1975, to April, 1977)

RANGE MEDIAN SAMPLE SIZE
Streams 12-1198 65 463
Lakes . 24-389 65 | 141 _

Standards and Protection Guidelines in micro-ohms/cm at 25°C

CURRENT PCA PROPOSED PCA CU-NI
STANDARDSE S‘I‘ANDARDSb EPA CRITERIAC GUIDELINESd

1000-Agricul ture NA NA NA
and wildlife : . :

Comparative Data in umhos/cm

MISSISSIPPI RIVERE
(St. Paul) COEUR D'ALENE RIVERE

300~-463 .94.4

8Minnesota State Regulations, WPC 14 and 15, 1973 Supplement.
bpraft Revision of MPCA Water Quality Standards, January 26, 1979.
CQuality Criteria for Water, U.S. Environmental Protection Agency,

Julyé 1976.
Regional Copper-Nickel Study, Volume 4-Chapter 1, Section s
e ; : Ea——

f



with a standard soap solution. In waters where the predominant cations are
calcium and magnesium and the predominant anions are carbonates, hardness is
closely related to the amounts of these ions and is often measured as the sum of
calcium aﬁd magnesium ions (and expressed as mg/l of CaCO3). This process was

followed by the Regional Study.

Based on the classification system presented in Table 13, a majority of the Study
Area surface waters would be considered "soft," while waters in disturbed areas

would be oonsidered moderately hard to hard waters (Table 14 and Appendix 2).

Tables 13 and 14

Although hardness is a composite parameter and is mot generally very useful in
water quality studies, in the case of the Regional Study, bioassay experiments

revealed that nickel was less toxic to aquatic organisms in harder waters (see

Volume 4-Chapter 1).

Turbidity is a measure of suspended particulates in water. It is caﬁsed by
plankton, clay, silt, detritus, or other finely divided suspended material.
Increases in turbidity levels can be caused by increases in algae growth or
inorganic material load. If the biomass is increasing, nutrient levels may also
be increasing. An increase in nutrient levels along.with oconcommitant increases
in inorganic load oould be the result of recent upstream land disturbance, such

as excavation due to road oconstruction,

Turbidity is a quick, simple, analytical method that provides important infor-
mation on the general status of waters. For the Study Area, ro clear differences

between stream groupings were evident (Table 15 and Appendix 2).
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\ . . Tablel3 Classification of water by hardness content. '.?
' ' %
Conc., mq/1l CaQ0q - Description-
0- 75 soft
75-150 moderately hard
150-300 hard
300 adwp - very hard

. SOURCE: Sawyer 1960.



Table {4, Comparison of surface water quality data from the Regional
Copper~-Nickel Study Area to standards and impact criteria and to
other rivers in the United States. '

Hardness in mg/liter CaCOy(November, 1975, to April, 1977)

RANGE " MEDIAN SAMPLE SIZE
 Streams . 5.3-310.0 31.0 206
Lakes 9.0-142.0 28.9 N 92

Standards and Protection Guidelines in mg/liter CaCD3

CURRENT PCA  PROPOSED FCA L CU-NI

- .STANDARDSE STANDARDSP EPA CRITERIAC GUIDELINESA
50-500- - A oM NA
Industrial

" Consumption

Comparative Data in mg/liter CaCO3

MISSISSIPPI RIVERE | .
(St. Paul) COEUR D'ALENE RIVERE

. .150-180 . - - No data

. aMinnesdbta State Regulations, WPC 14 and 15, 1973 Supplement.
bpraft Revision of MPCA Water Quality Standards, January 26, 1979.
Couality Criteria for Water, U.S. Envirommental Protection Agency,

July, 1976. , .
él‘x\egional Copper-Nickel Study, Volume 4-Chapter 1, Section . -
e : : . - -

o
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Table 15 | | | F e

|

Total organic carbon (TOC) provides some-indication of the amount of bioproduc-

tivity in an aquatic system (including input from adjacent land areas which feed
into thé system) . The carbon compounds that comprise TOC ére; metabolic waste
produgts, such as amino acids; detrital matter composed of dead and decaying
\orqanisms; or living matter, for example phytoplankboﬁ, zooplankton, and
bacteria; Total organic carbon provides a measure of both dissolved organic

carbon and particulate organic carbon.

Particulate and dissolved organic compounds can bind metalstthnouqh sorption and
complexation, respectively. This bindiﬂq has important ramifications. Bound.
metals may be biologically unavailable, or more available, depeﬁdinq on the metal
in question, the nature of the organic compound, and the pH‘of the water. Some
toxic metals entering an aquatic system may be rendered less toxic through

complexation.

It appears that in headwater lakes and streams such as Filson Creek and the
Partridge River, high organic carbon concentrations are often associated with

high oolor; conversely, downstream waters usually have less olor (Table 16 and

Appendix 2 and 3).

Table 16

4.3.2.2 Summary Discussion of General Parameters—-Median values for the major

" ions in streams of the Study Area are illustrated in Figure 7. This figure shows

that Study Area waters are dominated by calcium as the major cation and
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Table 15, Comparison of surface water quality data from the Regional
Copper—-Nickel Study Area to standards and impact criteria and to
other rivers in the United States.

Turbidity in Jackson Turbidity Units (JTU) (November, 1975, to April, 1977)

v

: A

RANGE MEDIAN SAMPLE SIZE
Streams ~ 0.5-64.0 . 2.1° . 463
Lakes " 0.4-7.0 2.0 135

Standards and Protection Guidelines in J‘I‘U\

7

CURRENT ECA PROPOSED FCA . y , CU-NI

- STANDARDS@ STANDARDSP EPA CRITERIAC GUIDELINESA
5~domestic 25-fisheries - NA N

consumption and recreation

10-25 fisheries 1., SR
and recreation T S

Comparatlve Data in J‘I‘U

MISSISSIPPI RIVERE e at
(St. Paul) OOEUR D'ALENE RIVERE

8.5-13.0 T M data available

aMinnesota State Regulations, WPC 14 and 15, 1973 Supplement.
bpraft Revision of MPCA Water Quality Standards, January 26, 1979.
Couality Criteria for Water, U.S. Envirommental Protection 2gency,

Julya 1976. . 4
' Reglonal Copper-Nlckel Study, Volume 4-Chapter 1, Section .

f



Table /6. Comparison of surface water quality data from the Regional
Copper-Nickel Study Area to standards and impact criteria and to
other rivers in the United States.

" Total Organic Carbon (TOC) in mg/liter (November., 1975, to April, 1977)

RANGE MEDIAN SAMPLE SIZE
Streams ~ 0.4-45.0  15.0 - 80,

Lakes - -~ = 4.6-38.0 14.0 ’ . 142

‘Standards and Protection Guidelines in mg/liter

CURRENT PCA PROPOSED PCA - CU-NI
STANDARDS2 STANDARDSP EPA CRITERIAC GUIDELINESA
NA . NA B NA

' Comparative Data in mg/liter

MISSISSIPPI RIVER®

(St. Paul) COEUR D'ALENE RIVERE R

~ No data . i _;Nodata

% s, ’

~ @Minnesota State Requlations, WPC 14 and 15, 1973 Supplement.
‘bpraft *Revision of MPCA Water Quality Standards, January 26, 1979.
Couality Criteria for Water, U.S. Envirommental Protection 2gency,
July, 1976. - . _
Regional Copper-Nickel Study, Volume 4-Chapter 1, Sect...n -
e e



carbonates as the major anion. Thé sum of the ooncentrat.ions of anions shduld be
in balance with the concentration of cations. The reason that this is not the
case in Figure 7 is pmbabiy because additional ions oth;zr than those oonsidered
are important in waters of the Study Area. Cations generally exceed anions in
all waters studied except stations K-6, D-1, E-1, E-2, and SI~1. Fiéure* 7 also
illustrates the higher overall concentration of major ions: in streams south of
the Lauréntian Divide than north of the Divide. Exceptions to this

generalization are stations BB-1 and D-1 north of the Divide, which are

downstream from mining operations.

Figure 7

As previously mentioned, the spatial variability of the stream general paraﬁeters
falls into a pattern of three distinct groupings. Group A streams (Partridge
River-1, St. Ipuis River-1l, and Bob Bay-1) include drainages both north and south
of the Laurentian Divide and are downstream of mining operations (Figure 5).
‘Group B stations ( Partridge River-2, Fmbarrss River-1, and Dunka River-l) are
also downstream of mining, but generally show less elevéted levels of ioﬁs than

| Group A stations (Fiqgure 6), but in some cases Group B stations can have higher
concentrations (e.g. Na and‘ Cl).. All remaining streams, from both north and
south of the Laurentian Divide form the third group. Itvis apparent from a
summary (Appendix 2) that the concentrations of all of the general parameters are
higher in Groups A and B, the impacted stations, than-in Group C, the background
sites. 1In general, the Group A stations are higher than Group B, probably an
indication of the relative amount of impact. While a clear difference in water

quality of watersheds containing mining operations can be seen, sufficient data
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FIGURE 7

Major Ions in Streams
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to prove a direct cause and effect relationship for all parameters is mot
available and was mot the purpose of monitoring programs conducted by the
Regioné] ~oper-Nickel Study. Stations with the highest ooncentrations of
general parameters exhibited the qgreatest variability in water quality, and

smaller drainage areas showed greater variability than larger ones.

Temporal variations in streams cannot be easily.separated from flow-dependent
relationships. ﬁWO extremes of flow conditions exist: peak flow and base flow.

" Peak flow may occuf immediately after precipitation or during the influx of -
meltwaters in the spring. During "spring flush" the 'constituents stored
throughout the season in the snowpack are released Qith meltwaters. This release

results in elevated levels of only a few constituents.

Interrelationships between flow conditions and water chemistry take many forms.
Concentrations may be: directly related to flow, as is often the case with
constituents whose major input is within the watershed; inversely related so that

peak flow causes dilution; or independent of flow.

Throughout most of the year the concentration 6f most parameteré is independent
of flow. Calctum and sodium concentrations at station P-1, and calcium con-
centrations in the St. Iouis River were exceptions. In these cases a distinct
dilutional effect was caused by spring runoff and storm events. In two instances
(potassium at Isabella and sodium at Kawishiwi; K-5) there were slight |

indications that concentrations were increasing with flow.

Linear oorrelations for five general parameters were tested for statistical
significance at the 0.05 level (Table 17). In stream waters of the Study Area,

significant direct relationships were found between cal¢ium and pH, magnesium,
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suspended solids, specific oconductivity, and dissolved solids. This means that
as the level of calcium varies, the level of these paramgters (except for pH)
vary proportionately. Suspended solids, dissolved solids, and‘specific oconduc—
tance are in large part due to calcium oontent and therefore such a relationship
is expected. Because calcium is a major cation (a cation is a pdsitively charged
A(+) ion) in the Study Area surface waters, it dominates thése measurements. It
is also common for calcium to correlate with magnesium. Chemically these two
elements behave similiarly;A both occur in the same fémily. Although calcium is
more abundant in the earth's crust, t;_he calcium to magnesium ratio observed in

water is similar to the ratio in the rock present in the Study Area.

Table 17

The relationship of pH to calcium is inverse. As pH levels decrease, calcium
concentrations increase. The mbilify of calcium in water is closely linked to
the dynamics of dissolved carbon dioxide @y, | At highe;' pH's, calcium tends to
associate with bicarbonate ions (HCO3~) and precipitates out as CaHCO3.

Reducing the pH would dissolve these compounds and release the calcium to solu-

tion,

In lake water, calcium also oorrelates with these chemical factors, but in addi-
tion is directly related to oopper, nickel, and mean depth. Why copper and
niékel correlate with calcium in lakes is unknown. It could either be oin-
cidental, or perhaps the chemistry or the lake biota that affect calcium may also
affect copper aﬁd nickel in a similar fashion, Lakes can act as sinks, where
elements such as these are'transported, either chemically or biologically, to the

bottom sediments. -Generally the transport is irreversible.
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‘Table-ﬁb

STRERMS

_Sp. Qond:

‘ Color:

Ni
Mg :

‘Suspended solids

Total dissolved solids(t)

. pH

KID-N
TOC .
DOC ;
Fe(t)

i

- Mg(t)

Suspended solids
Specific conductivity
Total dissolved solids(t)

Suépended solids
- Ca(t)

Specific conductivity(t)
Total dissolved solids(t)

Color s m e

Tot-N
RID-N
DIC(t)
TDS(t)
TON(t)

LAKE

Sp. Cond:

Color:

.pH

Correlations: general parameﬁers (P 0.05).

Qu
Ni
Suspended solids

Mg ,
Alkalinity(t)

‘Total dissolved solids

Fe
Tot-N
RJID-N

- S.D.(t)

TOC
poC -

- D.O.

Alkalinity ‘
Specific conductivity(t)

Suspended solids
Qu(t)

"Ni(t)

Total dissolved solids(t)
Z (t) :

Cu(t) .
Suspended solids(t)
Specific conductivity

. Alkalinity(t)

Color(t)

Dissolved solids(t)
Secchi disk

Iron

. Color
' Suspended .solids

DO(%)
KJD-N
Ortho~P
Zinc(t)
Lead(t)
Tot=-N(t)

D.O(3)(t)

Z; Zmax(t)

-KID-N(t)

TSI-SD(t)

(t)

'1log transformed data.




Specific oonductancé, which is based on total ionic concentration, was correlated
with concentrations of the two major cations: calcium and magnesium. In
addition, specific conductance was correlated with suspended and total dissolved
solids, pH, and nickel. Similér patterns of orrelation existed for calcium and
magnesium. Both are siqgnificantly correlated with suspended solids, total
dissolved s0lids, and specific oonductance, as well as beiﬁq oorrelated with each
other. In addition, calcium concentration is correlated with pH, as might be
expected because t:he‘ major anion associated with c;alcium is carbonate, which is
involved in acid-base systems. lor and total organic carbon are both correlated
with-each other and with Kjeldahl (orqanic)‘ nitrogen, ®lor is also’

| s.ignificantly oorrelated with dissolved organic carbon and total iron, whereas
total organic carbon is correlated with dissolved inorcjanié carbon, total

dissolved solids, total nitrogen and total organic nitroagen.

For the most part the relationships observed are not too unusual and can usually
be explained. More correlations exist for lakes than for streams (Table 17).
_Lakes, because they act as sinks, will attenuate or equilibriate chemical ocon-—
centrations. Thus ,oorrelationé may exist, not because the odrrelated parameters
are oontrolled similarly but because the lake tends to dampen the natural fluc-
tuations of the chemical parameters. In this region, especially north of the
taurentian Divide, lakes are an inteqral part of the major river systems. Any
natural or man-induced change in the ooncentration of any parameter.will be
modified by lakes, especially lakes that are deep (and which stratify) and have

longer water residence times.

Spatial variabilities between lakes were less easy to test statistically because
of smaller sample ,Size than the data set for streams. Analysis of variance
delineated the following trends between lakes for nine water quality parameters:
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Calcium: Tofte qreater than Glby, Wynne areater than others
Magnesium: Slate, (olby, Wynne greater than most others greater than

: Perch, One, Trianqle
Potassium: Oolby greater than most others greater than Wynne
Sodium: no distinct grouping
Chloride: GColby greater than most others greater than Clearwater
Silica: Gabbro, Wynne greater than most others greater than Tofte,

Clearwater
Specific Conductance: Golby, Tofte, Wynne greater than all others
Color: South Mchougal qgreater than most others greater than Clearwater,

‘Ibtangf';C;(aenic carbon: lby, Sand, Wynne, Iong, Whiteface, South
Mchougal, Greenwood, Seven Beaver greater than all others

This analysis reveals a trend, with Tofte, Wynne, and Co.fby lakes exhibiting
elevated ionic concentrations that are reflected in their elevatea specific con- "
ductance levels. Clearwater is notable for its low chloride , silica, and oolor
levels. Temporal variations in lakes are less related to flow conditions than' jue}
the amount of oxygen ‘and thermal properties of the water. Most major ions. do rot
“undergo temporal 'cyclesAin lakes. Small lakes downstream of flashy streams will
be- greatly affected by the quality of the snow pack and individual storm events,
and therefore oould experience siqnificant water quality variability. For
example, cértain ions may occur in hiqher concentrations in the snow pack as
compared to the average concentration in the lake. During spring flush, the
water quality of the lake would be dominated by the quality of the snow melt. At
other times, the concentrétion of the same ion in rain may be significantly lower
than the lake water quality and the concentration of the ions ip the lake would
be diluted during significant rain events. Since the quality of individual rain
events can vary sianificantly, rain events may rot always have a dilutional
effect on the water quality of small lakes. Very small bodies of water might be

expected to show smllar responses to an 1nput of allochthonous organic materials

such as humic leachates.
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4.3.2.3 Parameters Related to Acidity and Acid Buffering--Alkalinity is defined

as the capacity of a solution to neutralize -acid. It is predominantly produced
by the.r“ﬂ"ence of anions or molecular species of weak acids which are rmot fully
_ |
dissqciated above pH 4,5 (e.g. organic acids). Under nost conditions encountered
'in aquatic environments, these dissolved species are bicarbonate and carbonate
ions; although, theoretically, any ion that reacts with strong acid can
oontributé to alkalinity.-Alkalinity is a measure of the buffering capacity of
water, and since pPH has a direct effect on organisms as well as -an indirect
effect on the toxicity of certain other pollutants in water, the huffering capa—

city is important to water quality. For the most part, alkalinity measurements

are a. bicarbonate measurement.

Alkalinity is important for fish and other aquatic life in freshwaterisystems
because it buffers pH changes that occur naturally as a result of the photo-
synthetic activity of the chlorophyll-bearing vegetation. Components of alkali=
nity such as carbonate and bicarbonate will complex some heavy metals and reduce
their toxicity markedly. For these reasons, the National Technical Advisory |
Committée (1968) recommended a minimum alkalinity of 20 mg/l and the subsequent
NAS feport (1974) recommended that natural alkalinity not be reduced by more than
25 percent but did not place an absolute minimual Qalue ﬁor‘it. The use of the
25 percent reduction avoids the problem of establishing criteria on waters where
natu;al alkalinityvis at or below 20 mg/1, as.is the case for samé Study Area

waters (Table 18). For such waters, alkalinity should not be further reduced

(EPA 1976).

Table 18
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Table {8, Comparison of surface water quality data from the Regional
‘Copper-Nickel Study Area to standards and impact criteria and to
othe» rivers in the United States.

Alkalinity in mg/liter CaCOy (November, 1975, to April, 1977)

RANGE MEDIAN SAMPLE SIZE
. Streams 1-1% - 23 . 457

Lakes o3 19 141

.

Standards. and Protection Guidelines in mg/liter CaCO3
| . CU-NI

CURRENT PCA PROPOSED PCA S
STANDARDS2E SI‘ANDARIZSb EPA CRITERIAC GUIDELINESd
NA - Any pollutant added to the water NA
should not reduce the alkalinity
- more than 25% below ambient con—
- qentrations-fisheries and recreation
. A L
Camparative Data in mg/liter CaCOs '
MISSISSIPPI RIVERE e . h
(St. Paul) * QOEUR D'ALENE RIVERE
| 140-180 R -7~ A Y

A\

aMinnesota State Requlations, WPC 14 and 15, 1973 Supplement.
bpraft Revision of MPCA Water Quality Standards, January 26, 1979..
- Cguality Criteria for.Water, U.S. Envirormental Protection Agency,
July, 1976. : N
éRegional Copper-Nickel Study, Volume 4-Chapter 1, Section s
e , _ B
f




Typically, alkalinity is measured by titration with standardized acid to a pH
value of ahout 4.5. Because the water solution being‘titrated is mixed in the
presenée ~¥ air, alkalinity measurements below 10 mg/liter may be suspect.
Special methods have been developed to eliminate this problem, and such methods
should be used in the future when the low alkalinity waters of the Study Area are

measured.

EiEEEEQﬁEEE.ﬁDn (HC03~) is the the predominant form of dissolved carbon

dioxide in natural waters in the pH range of 7.0 to 9.0. At pH less than 7.0
carbonic acid (HyCO3) becomes more common, at a pH greater than 9.0, car-

bonate ions (CD3‘2) become more common. The ultimate sourée of the 0y is

the atmosphere. The linkage between the hydrologic cycle and the carbon cycle
provides the mechanism for the introduction of @, into natural.water. The
only mineralogical source pf carbon dioxide identified in Study Area rock was
calciée (CaCO3) (see Volume 3-Chapter 1). Calcite is an insignificant source
of bicarbonaté to surface waters in undisturbed watersheds because it is a minor
component of the rock in those areas. The atmospheric pathways of dissolved
carbon dioxide to surface waters include direct deposition via precipitation, and

indirect production through photosynthetic activity.

Spatial variation in bicarbonate levels appeared to be related to anthropogenic
disturbances. It is possible that mining activities have exposed more mineral
surface to weathering, theréby accounting ﬁor.observed increases in ooncentration
at stations SL-1, P~2, P-5, D-1, E-1, E-2, and BB-1 (soil chemistry vériabiity
could also account for some of the high values measured). Ievels of bicarbonate

(and alkalinity) were very low in the Kawishiwi river system (Appendix 1).

27




Relative ranking of lakes from high to low bicarbonate concentrations indicated
Tofte and Wynne to be highest, most otﬁers were intermediate, and Perch and
Turtle were lowest. In the case of Tofte Lake mineralized groundwater seepage
into the lake may be the reason for the elevated bicarbonate‘cancentration. As
discussed in section 4.3.5.6, the lack of bicarbonate in snow-melt water signi-
ficantly affects the alkalnity levels, and consequently the pH of some streams
‘during éhe snow-melt season. As with many parameters the median bicarbonate

concentration in lakes approximates that of background stream sites (Table 19).

Table 19

~

Sulfate (S04) is the major form of sulfur in the aquatic en&ironment. Sulfur
is widely distributed in igneous rocks as metallic sulfides. In the Study Afea,
these are principally chalcopyrite, pentlandite, and pyrrhofite. The weathering
ppocess for these minerals is relatively étraiqhtﬁarward. When aerated water
comes into contact with the minerals, the reduced sulfides are oxidized to
sulfates which, in turn, are carried off by the water. In oxygenated water, over
a Wide range of pH, sulfate‘is a chemically stable ion. It does, however, tend
.to form ion pairs with metal ions., As sulfate concentrations increase, an

N : _
increasing proportion of sulfate can be expected to form these associations.

Reduction of sulfate to sulfide is usually associated with biochemical processes,

particularly bacterial, under anoxic conditions.

A seocond source of sulfur for waters is the atmospheric depositiod (both anthro-
pogenic and natural) sulfur-containing materials. The significance of this

pathway on the region's water quality will be discussed in section 4.3.5.
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Table 19. Comparison of surface water quality data fram the Regional
Copper-Nickel Study Area to standards and impact criteria and to
other rivers in the United States.

Bicarbonate (HOO;) in mg/liter (November, 1975, to April, 1977)

RANGE MEDIAN SAMPLE SIZE

Streams - 6-151 25 - 257
Lakes . 9-88 - 20.5 38

3

Standards and Protectlon Gmdelmes in mg/llter

CURRENT PCA  PROPOSED FCA .~ , '\ QU-NI

STANDARDS2 STANDARDS® - EPA CRITERIAC . GUIDELINESS
NA B NA oM

Comparatlve Data in ng/llter L

MISSISSIPPI RIVERS o .
(St. Paul) OOEUR D'ALENE RIVERf_

No data . M data

aMinnesota State Requlations, WPC 14 and 15, 1973 Supplement.
bpraft «evision of MPCA Water Quality Standards, January 26, 1979.
. Couality Criteria for Water, U.S. E:nvxrormental Protection pgency,
Julyé 1976. :
Reglonal Oopper—Nxckel Study, Volume 4-Chapter l Sectlon )
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Elevated sulfate concentrations were found in waters downstreams from areas where

accelerated oxidation of excavated/exposed sulfide deposits may be occurring due

to mining operations (P-1, SL~1, BB-1).

The chemical activity of sulfate in lakes is somewhat diffefent from that in
‘streams because of the tendency for the bottom waters of deep lakes to become
anaerobic (anoxic) during periods of thermal stability. Under- entirely anaerobic
conditions sulfate ?resent in the water will be reduced to HyS or precipitated
‘as FeS, and the water loses sulfur compounds. These conditions do rot ekiét in
streams of the Study Area because they remain oxygenated throughout the year.

The addition of sulfates may result in acidification of surface waters. Waters
having significantly reduced pH levels are usually characterizéd by a different
flora and fauna than narmal waters. 'If sulfate levels in the Study Area become
high erough to overcome the buffering levels present in surface waters, then

acidification of waters will occur.

Ievels of sulfate in undistufbed watersheds of the Study Area (such as the
Kawishiwi River and Filson Creek) are comparable to the lakes and are lower than
in the Mississippi River at metropolitan water intakes (Table 20, Appendix 2).
Levels of sulfate in treated Twin Cities tép water are higher than in untreated
wéter because of the treatment process. Sulfate ooncentfatiéns in St. Iouis

River (SI~1) water exceed those of the treated tap water.

Table 20

The pH of water is an expression of the effective concentration of free hydrogen

ions (i.e. those ot bound by carbonate or other bases). Most natural watérs
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Table A0 Comparison of surface water quality data from the Regional
Copper—Nlckel Study Area to standards and impact criteria and to
other rivers in the United States.

Sulfate (SO4) in mg/liter (November, 1975, to April, 1977)

RANGE MEDIAN SAMPLE SIZE

Streams 1-630 7.4 . 434
Lakes . 1-140 7.8 138

Standards and Protection Guidelines in mg/liter

CURRENT PCA PROPOSED PCA | CU-NI
STANDARDS2 STANDARDSP EPA_CRITERIAC GUIDELINESY

250~domestic 250-domestic ‘ NA _ NA

consumption consumption : ’

10-wild rise’
production

Comparative Data in mg/liter

MISSISSIPPI RIVERE "
(St. Paul) COEUR D'ALENE RIVERE

18-33.5 A NA

@Minnesota State Regulations, WPC 14 and 15, 1973 Supplement.
bpraft Revision of MPCA Water Quality Standards, January 26, 1979.
+ Cuality Criteria for Water, U.S. Envirommental Protection 2Agency,
Julyé 1976.
Reglonal Copper-Nickel Study, Volume 4—Chapter 1, Section .

f




Ahave a pH in the range of 4-9, while a pH of 6.5~8.5 is typical for unpolluted
surface water. In waters where photosynthesis (COy utilization) by aquatic
organisms takes place, diurnal pH fluctuations, where pﬁ values as high as 9.0

are mot uncommon during daylight hours, may be observed.

"Only two watersheds, Filson Creek (F-1) and Keeley Creek (KC—I); showed a

. distinctive difference in pH from other sites. These two basins are small (Table
.I) and drain areas dontaininq bog material. Another explanation may be the fact
that both streams pass over sulfide mineral zones, which apparently results in
increased copper, nickel, and éulfate levels. These faétors can all contribute
fo the lower pH observed. In addition, the alkalinity levels were also low in
theée stfeams, which explains why the pH is not bufferéd upward. Acidic

precipitation may also be affecting these two systems (see section 4.3.5).

Overall most of the surface water pH values measured in the Study Area to date
are near the neutral point (pH=7), especially the stream sites. Future chanaes
in regional acid deposition rates may significantly affect pH values, with the

most noticeable effects in headwater areas (Table 21).

Table 21

Calcite saturation indices (CSI) were calculated for all study lakes. This index

provides a measure of a lake's ability to assimilate hydroéen ions (e.g. resist a
change in pH due to an acid input) (Conroy et al. 1974). Acidification of
surface waters by acidic precipitation and acid mine drainage is discussed in
section 4.3.5 of this chapter. The resistance to pH change is a function of the

type of acid input (i.e. strong or weak acids) and the type of chemical
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Table @, Comparison of surface water quallty data from the Regicnal
Copper—Nlckel Study Area to standards and impact crlterla ard to
other rivers in the United States.

pH in pH units (November, 1975, to April, 1977)

_ RANGE MEDIAN SAMPLE SIZE
Streams 4.7-8.4 6.91 458
Lakes 5.7-8.8 701 141

.Standards and Protection Guidelines in PH units

CURRENT PCA PROPOSED PCA CU-NI

STANDARDS2 STANDARDSP EPA CRITERIAC GUIDELINESG
6.5-8.5 : 6.5-9.0 - B=89-Domestic NA
"6.5-9.0 Fisheries & consumption
Fisheries & Recreation
recreatiorn - 6.5-9.0- -

@ 3 : - fisheries

6.0-9.0-

Industrial consumption

6.0-8.5-
Agricultural & w1ldllfe

Comparative Data in pH units

MISSISSIPPI RIVERE :
(St. Paul) QOEUR D'ALENE RIVERE

7.6-8.5 ' e

-

aMinnesota State Requlations, WPC 14 and 15, 1973 Supplement.
bpraft Revision of MPCA Water Quality Standards, January 26, 1979.
Couality Criteria for Water, U.S. Environmental Protection 2gency,

July, 1976.
C!lReglonal Copper-Nickel Study, Volume 4-Chapter 1, Section e

f




components in the receiving water which can assimilate or bind the hydrogen ions.
CSI relates calcium, alkalinity, hydrogen ions, and the 2nd dissociation oonstant

of carbonic acid (HyCO3), viz:

CSI = -Iogyg (IAP) + Iog)q(KyCalos)

where IAP = (Ca) K, (AIK)

40,000 (H)
and vhere Ca = mg/1
AlK = eqg/1
H =eg/l

Ko = 2nd dissociation constantof HZCOj

Lakes with an index less than 3.0 are oconsidered well bdffered; lakes with an
index between 3.0 and 5.0 are poorly buffered with the possibility that acidifi-
cation may already be occurring; and, an iﬁdex over 5.0 indicates iakes with
little or no buffering abili£y and a strong possibility that severe acidification

has already occurred.

The CSI's for the 26 lakes are presented in Table 22. Tofte Lake appears to be
nearly saturated with réspect to calcium carbonate, and therefore, very well
buffered. The poorly buffered lakes.are, with one exception, all headwater
iakes. This may be explained by the fact that buffering is a function not only
of atmospheric processes, but also of watershed geology. ﬁeadwater lakes, suéh
as Greenwood, have smaller drainage areas than downstream lakes, such as Birch.
. The chemistry of headwater lakes often reflects that of precipitation, with
watershed oﬁntributions to léke chemistry‘assuminq secondary hnpértanée. In
general, in the Study Area as one procéeds from headwater to downstream lakés,
the ability of the lakes to assimilate hydrogen ions increases. In addition to

'Study Area Lakes, CSIs were calculated for thirty lakes located in the Boundary
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Waters Canoe Area (BWCA). Data on the lakes were obtained from the U.S. Forest

Service (USFS) in Duluth (Table 23). TFifty percent of the lakes were found to be
poorly buffered, and with few exceptions these represented headwater lakes. This
analysis indicates that the headwater areas of the region are generally rnot well-

buffered and have limited abilities to assimilate additional and possibly present

acid loading.

" Tables 22 and 23

4.3.2.4 Summary Discussion of Parameters Related to Acidity and Acid Buffering—-

Group A streams (BB-1, SL~1, and P-1) exhibited significantly higher pH, alkali-
nity, and sulfate values than group B streams, and énoup B streams, in turn,
exhibited significantly higher values for these parameters than all other streams
(éee Appendix 2). Unlike the general parameters discugsed earlief for which
elevated valués and increased variability went hand-in-hand, stations with higher
PH, alkalinity, bicarbonate, and sulfate, did rot necessarily exhibit greater
variability. Headwater areas of streams could not be distinguished statistically
from downstream stations, although headwater areas of given streams (St. Iouis

River and'éuany River) had lower median pH values than at their mouths.

/

Alkalinity exhibited partial dilution effects in all watersheds, except those of
the Kawishiwi drainage that lie downstream of large lakes (Bear Island, Shagawa,
and Kawishiwi-6 and 7). Iow pH values during winter base flow at Filson Creek

reflect the pH of precipitation, because samples were withdrawn from meltwaters

‘surrounded by ice.

Determinations of sulfate concentration and pH were made for éamples of surface -
water, groundwater, and precipitation cllected from the Filson Creek watershed
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Table 2. Calcite saturation index (CSI) for Regional CGopper—Nickel
Study lakes studies.

LAKE CSI2  LOCATIONP
Tofte 0.3 H,N
Wynne 1.1 S
Triangle 1.4 H,N
Colby 1.4 s -

_ Bass 1.5 N
Slate 1.5 N
Bearhead 1.6 H,N o
Sand 1.8 H,N
Cloquet 2.0 H,S
Birch 2.0 N
. Big - 2.0
Pine 2.1 H,S
Gabbro 2:3 ~ N
White Face 2.3 H,S
Bear Island 2.3 H,N
‘Fall . 2ol N
White Iron 2.6 . N
Seven Beaver 7 2.8 : H,S
South Mcougal ~ 2,9 -7 """ HN B
Clearwater 3.0 - H,N
Auqust 3.1 H,N

~ Turtle 3.1 H,N
One 3.2 N
Greenwood 33 H,N
Perch 3.4 H,N
Long s 4.1 H,S

-—-e a—e @

4p-3 well buffered; 3-5 poorly buffered;
- 5+ little or nmo buffering

by
N
s

headwater lake
mrth of Divide
south of Divide
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Table 23, Calcite saturation index (CSI) for selected BWCA lakes.

Note: Calculated from STORET data

Pauness

/

- WELL BUFFERED POORLY RUFFERFD
LAKE csI LAKE .- st
Cypress 1.5 - Silver Island 3.1
North 15 Vernon 3.1
South 2,2 Sawbill | 3.3 -
Magﬁetic 2.2 'I-\licé 3.3
Dunkan 2.3 Karl 3.4
Splash 2.5 Kawishiwi 3.5
Seagull 2.6 Gaskin 3.5
Kekekabic 2.6 Agnes i - 3.6
Crooked 2.6 Stuart 3.6
Alpine 2. 7 Malberg | 3 ;_7 |
Séganaga 2.7 Sunday‘ S P

: Basswood 2.8 Grace | 3.7
Gabigichigami 2.9 Cherokee 4.0
LaCroix 2.9 Carp 4.0
S. Fowl 3.0 4,1



during.Navember, 1976, to February, 1978 (Siegel, 1978). The samples weré
collected and analyzed to provide data ﬁor an evaluation of the relative contri-
butions of sulfate to Filson Creek.from acid precipitation and the oxidation of
sulfide minerals associated with copper and nickel deposits. Excluding data
coliected during snowmelt, concentrations of sulfate in Filson Creek a&eraqed
less than 2 mg/l. During smowmelt, sulfate concentrations in Filson Creek
increased to an average of 10 mg/l. Simultaneously with the increase in sulfate
conéentratién, pH of Filson Creek decreased from an average of 6.4 to 5.8. The
pH of samples from the snowpack in March, 1977, was 4.7 compared with an average
pH for precipitation of 5.1. The changes in sulfate concentration and pH of
Filson Creek and the lower pH of the snow suggest accumulation of suifate acidity
in the snowpack during winter, which is similar to changeé reported in
Scandinavia in areas sdbject to acid precipitathon. Snowmelt con£ributed more
than 33 percent of the annual sulfate load-discharged from Filson Creek. The
sulfate contribution to streamthw by agroundwater was minimal compared to that
contributed by precipitation and surface runoff. During baseflow, sulfate did
not appreciably increase from the headwaters of Filson Creék to the mouth, even
though sulfate was as much as 74 mg/1l in groundwater discharging to the creek
from surfidial materials overlying a sulfide-bearing mineralized zone in the

lower third of the watershed.

No other temporal variations were evident in streams. Sulfate concentrations
were partially diluted during high flow in Filson Creek, the Bear Island River

and the Dunka River in the north, and the Parfridqe'and St. Iouis rivers in the

south.,

Alkalinity in streams was oorrelated with nickel as well as with bicarbonate,
dissolved inorganic carbon, pH, and sulfate (Table 24). In addition to a signi-
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ficant correlation with alkalinity and bicarbonate, pH was significantly oorre-
lated with calcium, ocopper, suspended solids, specific conductivity, and total
dissolved solids. Sulfate also oorrelated with alkalinity, bicarbonate, and

dissolved inorganic carbon.

Table 24

The buffering parametérs are quite variable in lakes. Diurnal and seasonal
fluctuations occur because of biological activity. For this reason, lake values
presented may be less meaningful for determining baseline concentrations than

values in streams because of the limited number of samples measured.

Spatial variations in these parameters appear ﬁo be related to the location of
lakes in their drainage systems, with poorly buffered lakes at headwaters and
better buffered lakes downstream, Headwater lakes are moted in Table 22. With
respect to the individual parameters, Tofte was higher than most other lakes in
alkalinity, pH, bicarbonate, and dissolved inorganic carbon, and had the lowest
Calcite Saturation Index. Wynne exhibited a similér pattern of elevation for
alkalinity and bicarbonate, with sulfate levels lower than Golby but hiqher than
all othérs except Birch. Patterns in minimum values did not involve any one
lake. Seven Beaver exhibited the lowest pH, Greenwood the lowest alkalinity,
Perch and Turtle the lowest bicarbonate, Clearwater the lowest dissolved inorga-
‘nic carbon, and Slate and Bear Island the lowest sulféte. ‘Temporal variability
of buffering pafameters in lakes is related to biological activity with elevated

pH values in productive lakes during the midsummer season of photosynthesis.

Correlations of buffering parameteré with other water quélity parameters in lakes
were similar to those in streams. Both alkalinity and pH were significantly
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Table 24. (orrelations: buffering parameters. (p 0.05).

STREAMS

Alkalinity: HCO3
DIC
pH
SOy
Ni

PH: Alkalinity
Ca
- Cu

Suspended solids
Spec. oonductivity(t)
Total dissolved solids(t)

Sb4 5 Alkalinity
HCO3
DIC |

(E) = lJog transformed data

LAKES

Alkalinity:

PH:

HCO3

DIC

p

Ca

Ni

VA

®(t)

Mg(t) B

Spec. oonductivity(t)

Alkalinity

HOO
.Ca

Pb
D.0.%
®

Fe(t)

CSI(t)



correlated with levels of bicarbonate, calcium, and oobalt and with each other.
In addition, alkalinity was correlated with dissolved inorganic carbon, nickel,
magnesium, and specific conductivity, and pH with iron, iead , and dissolved
~oxygen. The relafcionship between pH and dissolved oxygen probably is related to
biological productivity. 1In lakes, sulfate 1s significantly correlated only with

the calcite saturation index.

4.3.2.5 Nutrients-—-The phosphorus-containing rock identified in the Study Area
is apatite. However, upon weathering, phosphate ions tend to form new complexes
with clay and/or soils, rather than remain in so'lution. The primary sources for\
dissolved phosphorus are agricultural fertilizer and éewaqe effluents. In solu-
tioh, phosphorus forms polymeric complexes -and ionic complexes, especially with

metals.,

Phosphorus, along with nitrogen, is an esséntial nutrient for aquatic plant
qrowth In all but the most grossly pol'luted waters, phosphorus is the growth

limiting nutrient; in the latter case, nitrogen is the limiting factor.

To prevent the development of biological nuisances and. to control accelerated or
cultural eytrophication, total phosphates, as phosphorus (P), should not exceed
50 ug/1l in any stream at the point where it enters the lake or reservoir, or 25
ug/l within the lake or reservoir. A desired ooal for the prevention of plant
nuisances in streams vs other flowing waters not discharging directly to lakes or
impoundments is 100 ug/l total P (Mackenthun 1973). ' Most relatively uncon-
taminated lake districts are known to have sufface ‘.Naters that ocontain from 10 to

30 ug/1 total phosphates as P (Hutchinson 1957) .

Spatial and seasonal patterns were indistinct in streams and lakes, with elevated
levels generally occurring in disturbed watersheds. ILevels of phosphorus in the
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Study Area are less than those reported by the U.S. Geological Survey for lower
Mississippi River water (Table 25). No data are availakile from either the

‘Minneapolis or St. Paul waterworks or foom thé Oreur d' Alene River, Idaho.

.Table 25 o

Nitrate in aqueous systems is the result of biological wnversion (fixation) of
nitrogen by micro-organisms. There are mo geologic éources of nitrogén in the
Study Area. The ultimate reservoir of nitrogen is the atmosphere. In aquatic
systems, blue-green algae and bacteria found in the :sediments or on surfaces of
aquatic plants afe the main nitrogen fixers. Nitrogen entering streamé as orga-
nic debris from terrestrial ecosystems may be in the form of ammonia, which is
oxidized to nitrate in oxygenated waters rich in particulate matter. 1In addition
to these natural sources of nitrate, aqficuitural .fertiliéer's and blasting
compounds provide an added source of nitréte to a watershed. Iow concentrations
- of nitrate in the Study Area may reflect the absence of agricultural fertil.izers.
In mining areas where a fertilizer (NHy4NO3) kerosene mixture is used as a
blasting compound (ANFO), an estimated 2% of the fertilizer remains as a residue
on the rocks following the explosion., This residue is subject to release during
heavy' runoff following a rain event, and may result in a localized nutrient

problem in receiving streams.

Nitrate is an esseﬁtial nutrient and an oversupply may lead to "blooms" of algae
in poiluted waters. However, ooncentrations within blasting zones of the Study
Area remain far below levels required for such blooms and are only slightly in
excess of measured values for the Lower Mississippi Rifzer at the Minneapolis

waterworks intake. 1In general, values in the Study Area are comparable to Twin
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Table 25. Comparison of surface water quality data from the Regional
Coppe~-Mickel Study Area to standards and impact criteria and to
other rivers in the United States. '

Total phosphorus (P) in ug/liter (November, 1975, to April, 1977)

- RANGE MEDIAN SAMPLE SIZE

Streams 1 0.8-2100 20.1 © T 260
Lakes 0.8-220.0 22.9 140-

- Comparative Data in'ug/liter

-MISSISSIPPI RIVERR '
(St. Paul) COEUR D'ALENE RIVERP

60-260 g —

o s




Cities drinking water and to the eur d' Alene River, Idaho, where agricultural

uses are mainly pasture and haylands (Table 26).

Table 26

Nitrate concentrations are generally low and remain stable throﬁghout the season.
Two exceptions are the high values observed at Bob Bay (BB-1) and the Dunka River

~ (D-1) (Appendix 1), both areas receiving drainage from blasting zones.

Nitrogen:Phosphorus r