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CHAPTER II METHODS AND

PROCEDURES

Literature Review: Methods and Procedures of Previous Water Quality

Characterizations

INTRODUCTION

A brief review of the water quality'study literature has revealed several
methods of characterizing water quality. The purpose of this report is to
describe three of these methods: simple water chemistry characterization,
mass balance, and classification. Examples of each are given and
advantages and disadvantages discussed. This report is based on a

tepresentative, rather than exhaustive, review of the literature.

Most of the water quality studies reviewed were carried out in the United
States, although several areas in Europe and Canada were also represented.
Literature on both impacted and nonimpactéd areas was jincluded. Impacted
areas received direct point source discharges to water bodies of mining,
industrial, and municipal wastes; nonpoint discharges from the same
sources; and atmospheric deposifion of pollutantse. Nonimpacted areas

received atmospheric deposition of pollutants, in small quantities only.
CHEMICAL CHARACTERIZATION

Chemical characterization of water is the first step in most water quality
characterization reports. The reason that it is being considered
separately here,is that a number of studies reviewed dia not attempt to
further analyze water quality data. These studies reported the data, and

in some cases the effects %&'aquatic organisms, but did not include
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additional comparisons, pathways of constitueﬁts, or future.projections.
Only mining and ore processing regions were represented by this type of
study in the literature reviewed. Pollution sources were known oY
suspected in all cases, and high metal concentrations in water were assumed

to be due to human activity, not natural sources.

The data collected for chemical characterization reports was, in most
cases, water quality data onlye. Atmospheric and runoff inputs were not
considered, and coﬁcentration of components in discharges were mnot
monitored. Those studies which were concerned with the effects of water

chemistry on biota included analysis ofvplaﬁfand animal tissues;

A goal of several chemical characterization studies was to establish
baseline water chemistry data, in order to monitor future changesSe
Baseline monitoring was carried out above polluting discharges or on

streams not receiving dischargese.

New Lead Belt, Missouri

Several researchers have studie@ water quality in the New Lead Belt, an
area of lead, zinc, cOpper; and silver mining and processing (Wixson et al.
1969, Jennett and Wixson 1972, Jennett et al. 19__). The objectives of the
studies were to evaluaté the extent and causes of pollution, and the
effects of lead and other trace elements on water. Sampling sites were

iocated on streams above mines and mills as control sites, and below the

dischargerse

High metal concentrations were found to be present in stream water during

periods of turbulent storm—water runoff. Washout of metals from the soil

R————
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was the cause of this. The soil had been contaminated by airborne metal
particles originating from a lead smelter. Another pollution effect disco-
vered was the concentration of metals in algae. Algal mats proliferated in
the streams because of milling effluents. During high flow periods the

mats broke apart and carried metals further downstream.

Sudbury, Ontario

Atmospheric deposition of pollutants from a copper and nickel smelter near
Sudbury, Ontario, has caused changes in lake chemistry. Lakes were
monitored to assess the extent of area affected by deposition of
pollutants, and to establish a baseline in order to monitor future changes
(Gorham and Gordon 1960, Conroy et al. 1974, Conroy et al. 1975). Most
water pollution problems in this area are due to atmospheric deposition,

not direct discharge to the water.

Analyses of water samples revealed that iakes within five miles of Sudbury
had high SOz concéntrations'and that lakes with high nickel and copper
concentrations and low pH were located downwind of the smelter. Effects of
lowered pH and elevated metal levels on aquatic biota were also studied.
Acid lakes showed low diversity of zoobenthos and phytoplankton relative to
nonacid lakes. Adverse affects on fish populations were also expected due

to ¢ low pH and high metal concentrationse

Coeur d'Alene, Idaho

The Coeur d'Alene River and Lake and the Spokane River in Idaho make up a

water system which has received mining and domestic wastes for over eighty
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years (Mink et al. 1971, Funk et al. 1975, Bauer 1974). Studies were
carried out to determine the trace metal concentration of water and
sediments, monitor movement of metals through the system, analyze the
effects of mixing of the unimpacted North Branch and the impacted South
Branch of the Coeur d'Alené River, and collect data for possible
incorporation into future water quality models. Biological studies were
also carried out to compare metal concentrations in water and sediments
with concentrations in fish muscle and liver tiésue, and to determine
critical factors inhibiting recovery of benthic macroinvertebrate fauna.
The Coeur d'Alene River was monitored on its two forks and below the
confluence. A number of small lakes along the main stem of the river were

also studied, as was Coeur d'Alene Lake.

Water quality of the main stem of the Coeur d'Alene River was found to be
poor throughout its entire 32 mile length, primarily due to high zinc
concentrations. High metal concentrations in sediments near the outlets of
the lateral lakes and near the river inflow to Coeur d'Alene Lake were also
found. In addition, groundwater samples showed high zinc and lead

concentrations.

Advantages and Disadvantages

Chemical characterization of water is often only one step of a larger
project. A study of biological uptake of metals, for example, requires
first the water quality data. For these types of projects chemical
characterization of water is adequate. On the other hand, a

characterization of the water quality of an area may not be complete enough
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if only water chemistry dat; is collected. Sources and sinks of consti-
tuents in water are not necessarily apparent from water quality data. In
obviously polluted a?eas such as those described above there is not much
question about the source of pollutants; however, many areas receive
smaller amounts of'pollutants which are not as easily traced. In these
areas atmospheric deposition sampling or evaluation of terrestrial
characteristics of the-drainage area may be required to produce a more

complete picture of influences on water quality.

Comparison between water systems is possible using water chemistry data
alone, however, by forming classes or groups of water bodies with similar
attributes, comparison becomes easier. This is the object of

classification systems, to be discussed later.

Mass Balance

Mass balance studies of water quality attempt to follow the movement of
chemical constituents through water systems. - Determining a mass balance
may require collection of many types of data: precipitation, water and
sediment chemistry; precipitation amount, streamflow, lake flushing rate,
and groundwater flow; and characteristics of the drainage area, such as
size, vegetation type, soil type, geology, and land use. In the literature
reviewed, studies of this type were carried out in relatively unimpacted
areas. Most pollution that did occur was from atmospheric deposition and
nonpoint sources, rather than point discharges.

Hubbard Brook Experimental Forest, New Hampshire

The Hubbard Brook Experimental Forest in New Hampshire has been the site of

ST .

a continuing mass balance study (Fisher et al. 1968, Likens et al. 1967).

etz
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The region has no nearby industrial or population centers. Three small
watersheds were studied to determine the mass balance of Ca, Mg, Na, K, Cl,
S04, NH4, NO3, H*, HCO3, Si, and Al. The objectives of the study

were to determine the rates of movement of these chemicals through the
watersheds, and relate the rates to the ecology of the forest and
geochemislry of the watershed. Precipitation chemistry and amount of stream
water chemistry and flow were determined. The bedrock of the three
watersheds was known éo be watertight, so groundwater was assumed not to
influence stream chemistry or flow. Geology and vegetation type of the

watersheds were known.

Results of the mass balance showed that output of Ca, Mg, and Na exceeded

input, and that input of S04, NH4, and NO3 was greater than output.
anpua/ . ‘. .

The animat atmospheric input of H* ions was found to be approximately

equivalent to the total output of base metal ions in stream waters.

Nitrate concentrations in streams showed a seasonal variation, with low

levels in the summer and concentrations rising to reach peak values in

early spring. Forest biota undoubtedly affected effluent nitrate levels.

Walker Branch Watershed, Tennessee

Cycling of trace metals has been studied in the Walker Branch Watershed
near Oak Ridge, Tennessee (Andren et al. 1975). Objectives of the study
Qere to derive a relationship between levels of trace elements in air,
rain, and dry‘depééition; differentiate between natural and anthropogenic
origins of trace elements; and study transport processes and inputggggggr

budgets of trace elements in the watershed.
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The authors were prompted to'perform this study by info;mation in the
literature indicating that elements are introduced into the atmosphere from
fossil fuel burning p@wer plants at rates equal té or greater than natural
weathering rates, and that these elements are deposited to aquatic and
terrestrial environments. Wet and dry deposition samples were coliected,
analyzed, and compared with stream water samples. Data on vegetation and

soils were obtained from previous studies of the watershed.

The study revealed that Walker Branch Watershed efficiently retained Pb,
Cd, and Cu, and less readily accumulated Cr, Mn, Zn, and Hg. The authors
speculated that Pb and Cd entering the watershed were of anthropogenic
origin (such as auto emissions), while Pb and Cd transported from the
watershed were of geochemical origin. Ratios of Cu, Hg, and possibly Zn
and Cd in the rain were found to be compgrable to ratios in fly ash from
coal fired glectric plants. The presence of these elements in rain was
tentatively attributed to three plants in the Oak Ridge vicinitye.

Experimental Lakes Area, Ontario

During 1968 and 1969 forty ELA lakes in northwestern Ontario were studied,
and mass balances of nitrogen and phosphorus were determined for four of
these lakes (Armstrong and Schindler 1971). Concentrations of N and P were
determined for precipitation, stream inflow, groundwater, lake water, and -
stream outfléw. Precipitation volume, stream and groundwater flow,

evapotranspiration rate and stream outflow were knowne.

The data indicated that all four lakes retained both nutrients. In two

lakes the nutrients must have been lost to the sediments, because
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concentrations were not increased in the water column. The other two lakes
probably received N and P from their sediments, as well as from external
sources. Lake morphometry or ratio of sediment area to volume may have
caused the differences.between the two lake pairs. The lakes which lost
nutrients to their sediments were much deeper, with greater ratios of
sediment area to volume, than the lakes which received nutrients from their

sediments.

Birkenes Watershed, Norway

Intensive studies have been carried out on ten small watersheds in southern
Norway, where inVestigators were interested iq the responses of watersheds
to inputs of acid precipitation (Gjessing et al. 1976). The Birkenes
Watershed, located in the area of Norway which receives the greatest

" deposition of acid precipitation, was reported on in detail. Chemistry and
volume of precipitation and stream water were determined, and input and
output of H*, Na, K, Ca, Mg, Al, NH,, NO3, S04, and C1 then

calculated.

Input of Cl, Na and SO4 was found to be equal to output, indicating to
the authors that supply to the watershed greatly exceeded the amount
accumulated annually and needed for biological growth. Retention of K,
NH4, and NO3 in the watershed occurred, probably due to biological
uptake. Retention of H*, which was also found, was most likely the cause
of Ca, Mg, and Al loss from the watershed. Comparisons of the Birkenes
Watershed mass balance data with data from other watersheds in Norway and

North America revealed that major differences in chemical outputs were
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related to differences in geologic environments and acid precipitation

loading.

Advantages and Disadvantages

Mass balance determinations provide more information about water systems
than simple chemical characterizations. It is possible to determine the
source of constituents in the water using a mass balance, and distinguish
between internal sources and external sources. Whether a constituent
leaves the watershed or water body, or remains can also be determined.
Knowing sources and sinks allows for better management of water.bodies. A
small watershed, such as Hubbard Brook Watershed, can be studied intensely
and the information applied® larger systems. The effects of various land
management practices, such as clearcutting, and effects of environmental
pollutants on cycling of constituents, are possible to test in a small

watershed (Borman and Likens 1967).

Mass balance determinations require the‘collection of a large amount of
data, some of which may be difficult to obtain. A longer period of
monitoring time is necessary for a mass balance than the other types of
characterization, in order to take into account seasonél changes. Finally,
it may not be possible to monitor all sources and sinks which may be

important.

Classification Systems

Classification systems divide waters (usually lakes) into distinct groups,

about which general statements can be made. The classification systems
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discgssed here group lakes according to trophic state, ability to
assimilate H*J and land use, hydrologic and geologic characteristics of
the watershed. Parameters required depend op.classification type. Most
classifications required water chemistry data and basin characteristic
information. Biological parameters were also used in some cases.
Classifications were carried out on both impacted and unimpacted water

bodies.

Trophic Indices

The most common type of classification system found in the literature was
the trophic state index. Hooper (1969) suggested four criteria of a useful

trophic index:

1) discriminates between normal nutrient level fluctuations and more

permanent changes;
2) has considerable sensitivity to levels of enrichments;

3) 1is a property or biological characteristic which is widespread among
aquatic environments, but short-lived and sensitive to enrichment level

changes; and

4) is suitable for long-term surveillance and monitoring by many

generations of scientists.

Uttormark and Wall (1975) outlined differences in types of classes used in
trophic indices. Some studies placed lakes in relative groups, with the

study lakes classified only in relation to each other, not to an
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independent scale. Other studies classified lakes by numerical rank, by '

either a relative or an independent scale.

The National Eutrophication Survey (NES) reviewed two approaches to

nutrient level determination, concentration and loading, as part of their
effort to establish a phosphorus guideline or criterion to aid in avoidance
of nuisance phytoplankton blooms (U.S.EPA l974c); The concentration
approach was used by various authors (Sakamoto 1966, Dillon and Rigler
1974) to relate total phosphorus concentration to chlorophyll a
concentration. Based on this work, the NES developed a similar
relationship using data from selected 1972 study lakes. The median total
phosphorus value was plotted against the mean chlorophyll g_concentration
for lakes with an inorgénic nitrogen to dissolved phosphorus ratio of 14 or
) greater. Phosphorus guidelines were theﬁ developed to coincide with the

three trophic states.

Vollenweider (1968) made the first attempt to relate nutrient loading rate
to lake trophic condition (U.S.EPA 1974¢). He related total phosphorus
loadings to the mean depth of lakes and empirically determined the loading
rates corresponding to the three trophic conditions. Later he modified his
relationship by plotting total phosphorus load against the ratio of mean
‘depth to mean hydraulic retention time (Vollenweider 1973). The NES used
Vollenweider's newest relationship to analyze the data for selected
phosporus limited lakes. Vollenweider's concept held true when tested with

survey data, with a few exceptions.

The NES determined that the loading rate concept was more useful for

management of lake eutrophication than the concentration approach. It
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would be relatively easy, once sources of nutrients were determined, to
determine he extent of phosphorus reduction from these sources that would
be necessary to achieve the desired loading. A disadvantage of this
approach is that in a lake with several entering streams carrying
different nutrient loads, the loading rate for the entire lake may be
acceptable ﬁ;ﬁiﬁgr loading rates for individual bays may ﬁot be

acceptable.

Uttormark and Wall (1975) déveloped a lake condition index (LCI) for 1129
Wisconsin lakes using characteristics of existing classification systems
that were appropriate. Parameters used were hypolimnetic dissolved oxygen,
transparency, occurrence of fishkills, and use impairment (extent of
macrophyte or algal growths). A range of numerical values for each
,‘parameter was assigned, with a total cumﬁlative range of 0 to 23: the more
undesirable characteristics a lake exhibited, the higher the LCI. These
LCI values are not necessarily synonymous with.trophic status, however, the
authors did determine, with qualifications, a range of LCI values for five
trophic states. A comparison of the LCI ranking of approximately 180 lakes
with two other classification techniques showed the LCI results to be
valide The lake condition index ranking was developed on an independent

scale, and may be applied to other lakes.

Carlson (1977) developed another numerical scale trophic state index (TSI).
The advantage of a numerical scale over a nonmenclatural system, according
to Carlson, is that a numerical scale is more sensitive to small trophic
changes. A nomenclatural system suffers from a loss of information when

lakes are lumped together into a few groups. Carlson based his scale on
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§ecchi disk values, with O corresponding to a Secchi disk depth of 64 m and
100 corresponding to a depth of 6.4 cm. The scale is related to algal
bioméss, because each doubling of algal biomass results in a halving of
transparency. By regressing Secchi disk against chlorophyll a and total
phosporus, Carlson was able to compute the TSI from these two parameters
also. Thus, only one parameter is needed to detgrmine a TSI.for a lake,
considered an advantage if data for only one parameter is available, or if

data for one parameter is more desirable than data for the other

parameters.

Carlson suggested that his trophic state index had several advantages. The
TSI could be used for regional classification of all surface waters,
- including streams and rivers, and could be used as a predictive tool in

lake management programse.

The NES developed a percentile ranking of the trophic status of 209 lakes
in the northeast and north central U.S. (U.S.EPA 1974a). Parameters used
to create the index were median total P, dissolved P, and inorganic N, mean
chlorophyll a, mean §ecchi disk depth, and minimum dissolved oxygen. To
determine the Trophic Index Number (TIN) for a particular lake, the
percentage of the total number of lakes which exceeded that lake in each
parameter was determined. The TIN for the lake is the sum of the
percentile ranks of all six parameters. A TIN of 0 to 594 was possible
with this group of lakes. Very good trophic status was indicated by a TIN
of 500 to 594, and mesotrophic lakes had a TIN of 420 to 499. Eutrophic
conditions with occasional nuisance algal problems were found at 300 to 419

TIN, and below 300 nuisance conditions could be expected to occur more

o
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This index system can be used for lakes not included in the original 209.
An index developed from another data base would have a different Trophic

Index Number range and the values would need to be interpreted differently.

Several disadvantages of the trophic index system were mentioned by the
authors. Flushing rate of a lake is not accounted for by the TIN. A low
TIN may seem to indicate that a lake has poor water quality, however, if
the lake has a high flushing rate, this may not be true. The system was
developed in the northeast and north central U.S., so application to other

areas may not be valid. An advantage of the system is that it can be used

to compare year to year changes of a lake.

Hydrologic Setting

One hundred fifty lakes in the north cen;fal U.S. were investigated by
Winter (1977) in a first attempt to develop a general classification of the
hydrologic settings of lakes. The purpose of the study was to classify
lakes according to their interchange with atmospheric water, surface water
-and groundwater. Thirteen parameters were used in the study:
precipitation-evaporation balance, streamflow in, streamflow out, ratio of
drainage basin area to lake area, regional slope of the land surface, local
relief of the lake's immediate drainage basin, relative altitude of the
lake in the region, type of landform in which lakéﬁﬁé situated, mineralogy
of the drift, texture of the drift (drift hydraulic conductivityl bedrock
hydraulic conductivity , groundwater quality type, and groundwater total

dissolved solids. A numerical value for each variable was assigned for

each lake. The data were then analyzed using principal component analysis.
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The most important factors to be considered in classifying hydrologic
settings of lakes were found to be groundwatgi dissolved solids,
precipitation-evaporation balance, streamflow inlet and outlet, and ratio
of drainage basin area to lake area. Local relief and regional slope were
the most important groundwater characteristics. Texture and drift of

bedrock and lake depth were also found to be important variables.

A series of maps was developéd showing the areal distribution of selected
groups of variables, however, a single map showing lake types was not
presented. It was concluded tha; a single map wpuld be either too complex
or too generalized, and somewhat misleading. Classification using all
variables was thus not accomplished, and lakes could be compared based only

on two variables at a time.

Hydrogeologic Regime

Sixty-three lakes in twelve states and provinces in the glaciated temperate
zone of North America were studied for their hydrogeologic characteristics

by Born et al. (1974). Objectives of the study were to:

1) Compile and summarize information about lakes for which hydrogeologic

data was available.

2) Review and evaluate hydrogeologic aspects of lakes, with special

emphasis on groundwater/surface-water relationships.

3) Specify critical hydrogeologic informational needs for evaluating lake

environments, concluding with a tentative hydrogeologic classification
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4) Demonstrate the applicability and utility of hydrogeologic information

to lake management and development activities.

The authors did not collect data in the field, but rather used information
available from the literature and from questionnaires sent to researchers.
The hydrogeologic factors considered in the study were: 1) regime
dominance (relative magnitude of groundwater in lake's water budget); 2)
system efficiency (the rate aspects of groundwater/ lake interchange); and

3) position of a lake within a groundwater flow system.

A possible lake classification scheme based on the hydrogeologic factors
was compiled by the authors. They divided regime dominance into
groundwater dominated and surface water doﬁinated lakes; system efficiency
was judged either high or low; and position within the flow system was
défined as discharge, recharge, flow—thréugh or perched, for groundwater
dominated lakes. The classification could not be considered workable,
however, because of lack of data. System efficiency data,~iﬁ particular,
was lacking. The authors felt that groundwatér/surface water relationship
information is of importance to planning and management activities, and

should be collected more systematically.
Land Use

The effects of geology, land use, and population density on phosphorus
export from watersheds was studied by Dillon and Kirchner (1974).
Thirty-four southern Ontario watgrsheds-were considéred, 26 on Canadian
Shield bedrock (granitic igneous), 6 on sedimentary rock, and 2 on both

types of bedrock. Dominant land use and population density were obtained
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from government maps and field observations. The authors' goal was to
report the results of their own research and study the literature, in order

to facilitate calculation of phosphorus loading to lakes.

Four groupings were created based on two rock types, igneous and sedi-
mentary, and two land use types, forested and forest and pasture.
Phosphorus export was found to be greatest from sedimentary forest and
pasture watersheds; In order of decreasing phosphorus export, the other
watersheds were: igneous forest and pasture, sedimentary forested, and
igneous forested. It was determined that a change in land use from
forested to forest and pasture in igneous watersheds would approximately
double .the total phosphorus export. Export from a sedimentary forested
watershed was found to be almost twice tﬁat from an igneous forested

watershed.

Comparison with the literature showed similar results for phosphorus export
from other studies of forested and forest and pasture watersheds. Mean
total phosporus export from sedimentary agricultural watersheds was
reported in the literature to be double that from sedimentary forest and
pasture watersheds. Other factors which affect phosphosu$ export include
population density, the preence of lakes in the watershed, and slope of the

watershed.

The National Eutrophication Survey also did a study relating drainage area
characteristics to nutrient concentration in, and export from, streams

(U.S.EPA 1974b). The 143 drainage areas used in the study were in the

AAAAA e e e e ee e R T, T . Y -~ . . |
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photographs and land use maps; and categories covered were: forest,
cleared-unproductive, agriculture, urban, wetland, and other (including

barren, extractive, and open water).

Streams draining forested areas were found to have lower nutrient con-
centrations than streams draining agricultural areas. This was especially
true for total phosphorus. The relationships between land use and nutrient
export were less pronounced. Mean total phosphorus export from
agricultural areas‘was only 2.7 times greater than that for forest
watersheds. The greater average slope of the forested watersheds, which
caused increased runoff, was considered to cause greater nutrient loss. If
control plots had been used, where slope, soil type,.and climatic
conditions were similar, significantl& lower nutrient export rates would
h;ve been expected from forested areas. Urban areas had high nutrient
export- also, probably due to increased runoff because of impervious

surfaces.

Differences in phosphorus concentrations in streams in forested drainage
areas were found between the northeastern and north central regions of the
U.S. This was thought to be due to factors such as topography
(particularly slope) and soil type. Differences in nitrogen concentrations
were not as great. The relationship between nutrient runoff and soil type
was not intensely studied; however, some effects were apparent. Streams

draining areas with mostly basic sorts had high nutrient concentrations,

W, . . , . . . ,
-"hile acid-soil regions showed lower nutrient concentrations in streams.
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j;ﬂ?dc Satuvation Index

Fifty lakes in the Sudbury, Ontario region were studied to assess the
effects of atmospheric deposition of smeltef pollution (Conroy et al.
1974). The lakes were classified by a calcite saturation index to predict
lakes with low pH, lakes susceptible to pH depression, and lakes with
sufficient buffering to provide protection against pH depression. Calcium
ion concentration, alkalinity, and hydrogen ion concentration were used to
compute the CSI for each lake. It was found that lakes with pH below 5 had
no H* assimilation capacity. ﬁiés with high assimilation capacity were

located in areas of calcareous surface material, usually glacial drift.

Advantages and Disadvantages

Hooper (1969) listed two purposes for classification schemes
(eutrophication indices in this case), which, if accomplished, are
advantages of this type of water quality characterization: 1) to provide
adequate documentationof past changes,'whicﬁ must include the existance of
agreed-upon categories énd scale; and 2) to enable the present rate of
change to be determined. A better understandng of the causes of rate
changes could then be possible, and the necessary preQentative and

corrective action taken.

Categories and scales may, on the other hand, be subjective, or based on
data from one area of the world, and therefore not usable for water bodies
not part of the original study group. Data collected at one point in time

to represent a lake's condition in general may also be a problem.

Classification systems based on only one or two parameters have the

advantace of beine fast and easv to use. Manv lakes can be sampled and
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classified in a short period of time, making quick comparisons between
lakes possible. Use of only a few parametefs may prevent real

understanding of a lake's condition, however.

Conclusion

The three water quality characterization methods discussed above, chemical
characterization, mass balance, and classification, all have advantages and
disadvantages. Which one is most useful depends on the characteristics of
the water body studied and the queétions of interest to the researcher.
Determining a baseline to monitor future changes‘or examining effects of
water chemistry on biological organisms may require only a chemical
characterization of the water. If sources and sinks of constituents in
water are of interest, a mass balance determination is necessary. Making
comparisons between water bodies for management activities could require a

classification based on the parameters of interest.

Degree and source of impacts which affect a water body may also determine
which type of characterization is used. A mass balance may not be
necessary if pollution sources are well known. Low concentrations of

constituents in water may need to be traced by a detailed mass balance, on

the other hand.
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WATERSHED DESCRIPTIONS 2.1

Watershed Approach

Lake basins, river systems, and associated land possessuniqué charac-
teristics which influence'the quality of a region's water resources. While
important, it is not eﬁough to delineate the properties of each individual
component; rather, the details from individual investigations must be
synthe51zed into a holistic view of the region. It is for this reason that
the watershed was chosen as the focal point for our data ana1y31s efforts.
As discrete hydrologic units, watersheds embody the various land-river-lake
interactions which form the basis of a dynamic regional characterization.
poase3Ses
When one considers that northeastern Minnesota peesess a large number of
lakes (often connected in chains), complex channel drainage patterns, such
as the North and South Kawishiwi River, and a variety of land types from
forest to wetlands, the need for and the logic of, a way to interrelate
these factors becomes apparent. By developing information on these factors
by watersheds, the hydrologic character of the study area has remained
Nosve
intact. The data which has been gathered will enable us to detail dif-
ferences within the study region, thereby allowing an assessment of the

range of impacts on water resources that copper-nickel development would

generate.

The Copper-Nickel Study Water Qﬁality Research Area is comprised of the
fourteen shaded watersheds on Figure 1. Hereafter this will be referred to
as the "Research Area" or the "WQRA". The rectangular area outlined on
Figure 1 is the official Copper-Nickel Study Area (known as the “Study

Area). Only characteristics of the Research Area will be discussed in this

reporte
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Three distinct areas of land will be discussed in this report: watersheds,
subwatersheds, and areas above stream stations; Watersheds .were determined
by the U.S. Gedlogical Survey in St. Paul, Minnesota on 15 and 712 minute
topographic maps. Watershed boundaries were drawn based on the locations
of stream sampling statipns. The station farthest downstream on any stream
has a name consisting of one or two letters and the number one (i.e. D-1,
SR-1). Upstream stations have higher numbers, with the highest numbers

assigned to headwater stations.

Subwatersheds were determined for those watersheds which contained more
than one stream station (in the case of a one-station watershed, the entire
watershed may also be referred to as a subwatershed). Subwatershed

boundaries were drawn based on the locations of upstream stations.

The area "above" a particular station is the drainage area of that station.
This may be one subwatershed, several subwatersheds, one watershed, or
several watersheds. The area above station SR-5, for example, is
subwatershed sr5; the area above SR-1 is the entire Stony River Watershed

(  subwatersheds srl, sr2, sr3, sr4, and sr5). The area above a station
is important when considering tbe effects of cultural, biological, and

geologic factors on the water quality at that station.

Description of MLMIS Data

Land use, forest cover, soil and land form data displayed in maps and
charts in the watershed descriptions were obtained from the Minnesota Land
Management Information System (MLMIS). MLMIS is part of the Land

Management Information Center of the Minnesota State Planning Agency, and
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has a goal to attempt to centralize and analyze data on Minnesota's
resources (LMIC 1978). Cultural, resource, and political boundary
information is stored on computer files by 40 acre parcel for every parcel
in the state. A file of watershed and subwatershed boundaries was created
for the Copper-Nickel Study using the boundaries drawn by the U.S.G.S.

Maps of the four variables listed above were-then created for the Research
Area (see Maps 2, 3, 4, nd 5 in map pocket) as well as tables of statistics

for areas above stations (see Appendix C).

Mapping variables by 40 acres parcels requires a degree of generalization.
The data level which appears on the map for a particular parcel is the
"dominant" level. For example, the land use data was interpreted from
aerial photographs (MLMIS 1975). To transfer the information on a photo to
information which could be mapped -by 40 acres, a 40 acre grid was placed
over the photo, and the dominant land use for each 40 acre parcel was
coded. If a cell contained only two land use types, "water" and
Moultivated," and water occupied 21 acres in the parcel, the entire parcel
would appear as water on the land use map. If a cell contained eight land
uses and a six acre lake made water the most widespread land use type, the
entire parcel would again appear as water on the land use mape. Thus,
relatively small areas may be magnified as a result of the generalization

required for this type of mapping.

Relatively large areas may not appear on the MLMIS maps due to genera-
lization. If a 30 acre lake is located in two parcels (15 acres in each
parcel) and "pasture" is the only other land use, pasture will be the
dominant land use in both parcels. The léke will not show up on the land

use mape.
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Although generalization exists in the MLMIS data, it is the most readily
accessible, compiete, and accurate set of data for variables which may
affect water quality in the Research Area. The MLMIS data base was also

heavily used by other.disciplines of the Copper-Nickel Study.

Two' sets of land use data have been used to describe the Research Area.

The entire state of Minnesota was mapped for land use in 1969, and the
Study Area was mapped again in 1977. As Figure 1 indicates, the Water
Quality Research Area extends outside of the Copper-Nickel Study Area.

Only eight watersheds are located entirely within the Study Area (Filson
Creek, Keeley Creek, Unnamed Creek, Dunka River, Bear Islandfuggkarrass
River, Partridge River, St. Louis River), and these are described with 1977
land use data. The other six watersheds are diécussed in terms of 1969
data. MLMIS staff interpreted data from aerial photos taken in 1968 and

1969 and the Copper-Nickel Study socioeconomic staff interpreted data from

_1977 photos.

The two sets of land use data are not strictly cdmparable. A number of new
categories were established in 1977 and interpretation of data levels was
not consistent between the two years. Nine categories were identified in
.the Research Area in 1969: forested, cultivated, water, marsh, urban
residential, extractive, pasture and open, urban and nonresidential or
mixed residenial, and transportation. Eleven categories were identified in
1977: mineland, manufacturing-industrial, urban, rural residential, rural
commercial, transportation, agriculture, forest, swamps /marshes/bogs,
water, and open/vacant. The only categories which appear to be identical
in both sets of data are water, extractive or mineland, and transportation.

black spruce ) .
In 1977 forested bogs were included in the "swamps/marshes/bogs" category,
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while in 1969 forested bogs were included in the "forested" category. A
much greater percentage of forest, therefore, appears in the 1969 data than

in the 1977 data. Additional differences are identified in the individual

vatershed descriptions.

Forest cover data for the Research Area are from the U.S. Forest Service
(MLMIS 1975). Data were interpreted by MLMIS staff, from 1971 and 1972 and
aerial photographs, for 40 acre parcels wﬁich had at least ten percent
forest cover of tree crowns. The MLMIS 1969 land use maps uses the same
definition of forest. Four forest cover types héve been identified in the

Research Area, as well as unproductive and nonforested areas.

Seventeen soil associations were found in the Research Area. A soil
.association is a group of two or more soil series associated in a
characteristic geographic pattern (ARDC 1974, MLMIS 1975). Soil series and
associations are defined by profile, color, structure, consistency,
sequence of horizons, conditions of relief and drainage, and origin and
node of formation (MLMIS 1975). The soils data, from the U.S. Soil

Conservation Service in 1973, were interpreted for 160 acre cells.

Land form type is defined as the predominant land form for any soil
gssociation (MLMIS 1975). The data, collected in 1974, were interpreted by
the U.S. Soil Comservation Service. Data sources were the Arrowhead
Regional Development Commission (ARDC) and the U.S. Soil Conservation

$ervice. Ten land form types exist in the Research Area.

Additional Descriptive Data

Other descriptive data for the watersheds were obtained as follows:
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de

be

Ce

Lake morphometric data.

A, (lake area) - standard planimetric procedures.

A4 (total lake drainage basin area) - standard planimetric
procedures.

Z (mean depth) - V/Ay.

Zmax (maximum depth) - determined from bathymetric maps.

V (lake volume) — areas of depth contours were planimetered; water
volume between contours was computed using the truncated cone
method (Wetzel 1975); lake volume is thé sumg of the volume of
all contour intervals.

Q (lake outlet discharge) - ten year average determined from
historical data by the equation 0.9504 Logjg X - 1.9586,
where X = Ay (U.S. Forest Service, Ely, MN, John Ramquist,
personal communication). Average for study period (March 1976
through February 1977) was determined by the equation
Log y = 1.04x + 5.15, from data collected by the Copper-Nickel

Study.

qs (areal water loading) - V/A,.

e (flushing rate) - Q/V.

Stratification - determined from dissolved oxygen and temperature
profiles.

Stream orders

Measured on U.S. Geological Survey topographic maps using the

string method.

Flow characteristics
Flow data collected by U.S. Geological Survey, Grand Rapids, MN

(U.S.G.S. 1977, 1978).
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d. Physiographic areas

Interpreted from Physiographic Areas Map in Olcott and Siegel 1978.

e. Location of mines, -stockpiles, and tailings basins
Direct Mining Land Use in the Regional Copper—Nickel Study Area,

Map compiled by Copper-Nickel Study Socioeconomic staff, 1978.

~

fo Water use

Unpublished data, U.S. Geological Survey, St. Paul, MN, 1978, for

years 1971 through 1976.

g. Discharges
Point discharges~data from NPDES permit files, Minnesota Pollution
Control Agency, 1977, and from‘unpublished water use data, U.S.
Geological Survey, St. Paul, MN, 1978.
Nonpoint discharges—data from Copper—Nickel Study Socioeconomic
staff; University of Minnesota Mineral Resources Research Center
(Tretheway 1974); Superior National Forest map, U.S. Forest

Service, 1972,

Surface Water Quality Monitoring Program

The surface water quality of the Copper-Nickel Study region was monitored
from March, 1976, through September, 1977. The program involved both lakes
and streams; the locations of the sampling points are presented in Figure

2.

Thirty=two stream sites were chosen such that watershed outflow points,
headwater areas, and points in between (for large systems) would be

sampled, Sampling frequency varied from semi-monthly for the downstream
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sites (denoted "primary" in Figure 2) to.monthly and, in two cases,
quarterly for the upstream sites (denoted "secondary" and "tértiary,"
respectively, in Figure 2). Tables giving the exact location of sampling
sites in the watershed; and diagrams depicting their terrestrial

characteristics can be found in Appendix A.

Stream gaging stations were established by the U.S. Geological Survey at
each of the stream water quality sites{%t a minimum, gage height was
measured each time a water quality sample was taken; at eleven sites
continuous flow recorders were operating. See Appendix A for a listing of

the types of stream gaging station established in the region.

The distribution of lake sampling sites (see Figure 2) was similar to that
~for streams; that is, headwaters as well as downstream lakes were sampled.
In mostcases, each lake had a single sampling site, but for six of the
larger lakes, more than one site #ﬁga established (see Appendix A for exact
locations). Sampling frequency for seven lakes (denoted "primary' in
Figure 2) was quarterly; for the remaining 19 lakes (denoted "survey" in

Figure 2) the frequency was semi-annually.

The physical and chemical parameters mesured during the program are listed
in Table 1. After the first year of sampling the entire program, as
outlined above, was reviéwed and appropriate modifications were made
concefning the number of stream and lake sites, sampling frequency, and
parameters. Case by case discussions of these modifications are not needed

here for the rationale and implications of the modifications will”evideqt

in subsequent sections of this report.

Details on sample collection procedures, field laboratory procedures,

sample handling and shipment, and fecord#eeping can be found in Appendix A.



CHAPTER III

RESULTS
Watershed Descriptions

RESEARCH
DESCRIPTION OF SFHDY¥ AREA

Introduction

Researtl- Lacarch
The Water Quality Study Area (Study Area) is 4738 square kilometers

in size and is made.up of 14 watersheds (Table 2). The Laurentian Divide
splits the area; water north of the Divide flows to the Rainy River, and
south of the Divide to.Lake Superior. Superior National Forest occupies
much of the;giﬁgﬁvArea, and the Boundary Waters Canoe Area (BWCA) dips
into the area in the north.

Researt~ A
Topography of the Study Area is rolling to very hilly (0lcott and Siegel

1978). The altitude generally reflects a southwesterly trend with the
lowest area at the St. Louis River near Aurora in the southwest. Highest

elevations occur in the east-central area in the Embarrass Mountains.

Total relief is about 640 feet.

Geology and Land Form

Researc~
" Bedrock underlying the Study Area is mainly the Duluth Complex, igneous

rocks from Late Precambrian time (Weiblen and Morey 1975). The Duluth
Complex intrudes and overlays the older metamorphosed sedimentary rocks of
the Mesabi Iron Range sequence (Morey 1972b). Under this sequence is
G1ants Range Granite which is exposed in the Embarrass Mountains (Olcott
and Siegel 1978). North of the Embarrass Mountains bedrock is mainly

granité'and metamorphosed sedimentary and volcanic rocks of Early Precambrian
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age. Small sections of the eastern part of the Study Area are underlain

by volcanic bedrock of the North Shore Volcanic Group (Sims 1970).

The Duluth Complex is irregularly mineralized at its contact with older
units. This mineralized zﬁne, which dips 30 to 60 degrees in a southeasterly
direction (Phinney 1972), is where taconite mining takes place and where
copper and nickel sulfides occur. The contact follows generally the

northern boundaries of the Partridge River, Dunka River, and Unnamed Creek
watersheds. Extractive areas on the land use map (Map 2) show the 1oéation
of mineral resources along the contact.

Reseln :
Land form characteristics of the Study Area (Map 5 and Figure 3) are due in

great part to advénces of fhe Rainy Lobe of the Laurentién ice sheet,
during the St. Croix and Antomba phases of Wisconsin Glaciation (0lcott and
Siegel 1978). The oldest surf1c1a1 deposits in fhegggzzzkArea are drumlins
deposited during the St. Croix phase. The southermost part of’%gtudy Area
encompasses part of the Toimi Drum11n Field. Many bogs occupy the poorly-

drained Tow spots between drumlins.

When the Rainy Lobe retreated north, it left glaciofluvial deposits of

sand and gravel in bedrock valleys, such as the Dunka and Embarrass River
basins (Olcott and Siegel 1978). The Dunka River Basin may have been a
preglacial tributary to the Embarrass River. Both river valleys are now
considered to be part of sand plain physiographic area by the U.S. Geological
Survey (USGS)(Olcott and Siegel 1978), and the Embarrass valley has some of
the thickest surface deposits of the entire é%gzsLArea.

“ .
A second advance, during the Antomba phase of glaciation, truncated the

northern edge of the Toimi Drumlin Field and left a thin sheet of till



over the bedrock to the north (note the "shallow to bedrock" area across

the entire northern part of the Study Area on Map 5)(0Tcott and Siegel 1978).
The extent to wh1ch the ice sheet advanced is marked by terminal and
recessional moraines (presumab]y the northern edge of the "mora1ne and
drumlin areas" category on Map 5). Final retreat of the Rainy Lobe

deposited additional outwash material.

Qesearth
‘The southwestern part of the Study Area was covered by a third g]ac1a1

advance, the St. Louis sub lobe of the Des Moines Lobe (0lcott and Siegel
1978). ‘This ice sheet covered the area south of the Embarrass Mountains

and the western edge of the Toimi Drumlin Field (Wright 1972). A layer of
ti11 was deposited over older Rainy Lobe deposits. The "eskers -and outwash"

area_in subwatersheds s11 and pl (Map 5) is a result of this glaciation.

Land Use and Forest Cover

: (mLMis AA)
Restacoh .
More than 89 percent of the Study Area is forested (Map 2 and Figure 2;

Appendix B has land use type definitions). Water, the second most

abundant "land" use, occupies seven percent of the Study Area. All 1arge
Reseath.
lakes appear on the land use map, but of the rivers in the Study Area only

part of the Kawishiwi system is visible. Most of the farming act1v1ty
Reseanth
(only 1.2 percent of the Study Area), indicated by the "cultivated" and

"pasture and open" categories, occurs in the western region, especially in
subwatersheds el and wl. Urban areas are also more common in the west. The

Restah
Study Area is sparsely settled, indicated by the less than one percent of

urban 1and use.

~in-1968 and—1969;—-howevers—ahd

-$nereased—{Loppes



Researg

Forest cover type shows a distinct pattern in the Study Area, as can be
seen on Map 3 (also Figure 3). Almost all ‘the pine in the area is concen-
trated in the n;;iafast while spruce and fir are mainly in the southwestern |
third of the Study Area. Together the two conifer categories account for
~. 50 '
fifty percent of the forest. Aspen and birch, the largest single category

. Yo , Restinth .
of forest cover, fall in another forty. percent of the Study Area, in the
northwest, southwest, and farthest northeast corner. Nonforested areas

correspond with lakes, bogs, mineland, and urban areas.

Soils

St

The pattern of soil associations in the §tud¥ Area can be seen on Map 5
(also Figure 3). Appendix B gives detailed descriptibns of thé soil
series which make up each soil assdciation. The relationship between land
form type and soil association type is also indicated in Appendix B .

S
The most widespread soil association in the Study Area is Mesaba-Barto

undulating. It covers 35 percent of the area, corresponding to some of the
"shallow to bedrock" landform area (Map 5), mainly in the north. South of
this is a large area of the Tivo]a-Unnémed—C1oquet undulating to steep
%;hdifferentiated association wHich is an esker and outwash area. The
predominant peat bog soil type, Mooselake nearly level, is concentrated

in the Toimi Drumlin Field and scattered throughout much\of the‘ggﬁgyvk;ea,
becoming less concentrated to the north. The drumlins themselves appear ;

to be composed mainly of the Newfound-Newfound wet undulating association.

-



RESEARCH AREA
GENERAL HYDROLOGICAL CHARACTERISTICS OF THE REGIQN

The purpose of this section is to present only that flow information with
direct implications for surface water quality. For a detailed hydrological
discussion the reader is referred to the Hydrology Regional Characterization

 Report.

The significance of flow conditions to water quality lies in the role of
water as a transport medium. An appreciation of the spatial and temporal
variability of this medium is therefore essential to proper interpretation

of water quality data.

Spatial Variability

Figure 4 presents a plot of total discharge (Q) versus drainage area (Ad)
’during the period March 1, 1976, through February 28, 1977, for 18 stream
stations. The data for eleven of the stations were obtained with on-site
continuous flow récorders; data for the remaining seven stations were
coMpi]e& from periodic discharge measurements, gage heights at time of
water quality sample collection, and correlations and hydrographic comparisons
with the nearest continuous flow recorder. A1l data were compiled by the '
USGS. As the graph readily shows,a watershed's annual discharge was highly
correlated to i1ts drainage area; the regression equation is also seen to

be applicable to a wide range oF drainage areas. This equation was used

to éstimate the annual discharge for the period March 1, 1976, through
February 28, 1977, at the remaining stream stations where adequate discharge
data were lacking. After these values were calculated, the discharges for
all stream stations were standardized by converting cubic meters of

discharge to centimeters of runoff.



The formula was:

r = 100Q
Ad

~ where R = centimeters of runoff
Q = annual discharge in cubic meters
Ad = drainage area in square meters
100 = meter to centimeter conversion factor

These results are presented in Figure 5.

Spatial variability in the amount of runoff délivered at each site is
evident, ranging from a low of 11 cm downstream from Colby Lake (P-1)
to a high of 24 cm in the headwater areas of the Stony River system (SR-4).

The median value for the region was 17 cm.

Temporal Variability

Plots of daily mean discharge (m3/sec) versus time for the eleven continuous
record stations are presented in Appendix B. Two of these (Filson Creek
and the South Kawishiwi River at K-7) are reproduced in Figure 6. Temporal
vaﬁiabi{ity in flow ié obvious at both stations. The hydrograph can be
convenient1y divided into two sections: peak flow and base flow. Each of
these can in turn be refined with peak flow periods consisting of spring
runoff and storm events; baseflow can be‘observed under ice and ice-free
conditions. The 1976-1977 period was unusual in that record peak flows
were observed early in 1976, whereas record low flows were observed
throughout the latter half of that year and during the first three quarters
of 1977. Of particular interest is the total lack of spring runoff in 1977.
The extended drought partially disrupted the water quality monitoring
program. Table 3 Tists those stations that were not sampled because they

either were dry or were frozen to the bottom.



Figure 6 illustrates another important concept--watershed response rate.
Filson Creek was one of the smaller watersheds studied (27 km2); the South
Kawishiwi River at K-7 is typical of the larger systems studied (1474 kmz).
Being smaller, the Filson Creek system responded more quickly to runoff

and storm events. Event peaks were better defined and preceded corresponding
peaks in the South Kawishiwi River. An example can be seen during March,
1977. The runoff curve peaked and was descending in Filson Creek while the
South Kawishiwi waé only beginning to respond. Other examples can be seen

in August and September, 1977. It is possible, in Filson Creek, to discern
watershed responses to individual storm evénts;.the South Kawishiwi

response curves are much less distinct. The significance of these
differences in response times 1ies in the ability of a small, responsive
tributary to deliver a mass of water (and with it its chemical load) to a

" main channel before the larger system can respond with its mass of diluting

water.

Th1s 1pg time in responses enhances the importancecof what might normally
be cons1dered an insignificant contr1but1on of chemical mass by a tributary

to its main channe]. More will be said on this in subsequent sections of

this report.

Stream Orders

Reseant

Stream orders were determined for the watersheds in the Study Area. The

results are tabulated. in Appendix B.

Dams

eeseart
The locations of dams in the Study Area are presented in Appendix B.



WATERSHED LescRIPTIONS

Kawishiwi River Watershed

Watershed area
: .SCMUL/
Percentage of %%udy Area

Subwatershed areas
Stream stations

Lake stations

LBH-1
LBH-2
LBH-3
LBH-4
LGO-1
LGO-2
LWI-1
LWI-2
LA-1
LA-2-
LCW
L0-1
LTL-1
LF-1

1346 km°

South Kawishiwi River
North Kawishiwi River
South Kawishiwi River

White Iron Lake Outlet

Garden Lake Outlet
Fall Lake Qutlet

Birch Lake

Gabbro Lake
Gabbro Lake
White Iron Lake
White Iron Lake
August Lake
August Lake
Clearwater Lake
Lake One

Turtle Lake
Fall Lake

b

' Re
The Kawishiwi River Watershed is the largest watershed in the Study Areg,

occupying over one quarter of the region,and is hydro]ogica]]y unique

, ‘ \
(Figure 1). Subwatershed k6 is a large headwaters area almost entirely i
1

within the BWCA and removed from most humaﬁ influences. The remaining

five Kawishiwi subwatersheds all receive water from other watersheds, some

of which are impacted by mining and urban discharges. The Kawishiwi River - I

splits below station K-6; the north branch flows west into subwatershed k3;

the south branch flows southwest through subwatersheds k7, k5, and ké



before rejoining the north branch in subwatershed k3. The watershed
' Restarh-
stretches from the easternmost part of the Study Area to the western

boundary. Stream station K-1 is the outlet for the entire area north of

the Laurentian Divide.

The Kawishiwi River flows through a number of large lakes, two of which
(White Iron and Birch) were monitored at Take stations. Characteristics

of all the monitored lakes in the watershed are shown in Table 4.
' (MLAS (969)

Land use in the Kawishiwi Watershed is mainly forest (Map 2 and Figure 7Y
. Reseavehn
A large percentage of the watershed relative to the Study Area is water.
Pine is the predominant tree type and occupies a broad band in the eastern
and central part of the watershed (Map 3). This area accounts for 42
o Reseath. Z
percent of the pine in the entire Study Area (MLMIS 1982). Aspen and

birch are located in the eastern and western regions of the watershed.

Soils in the watershed are almost entirely Mesaba-Barto undu]atfng to

hilly (Map 4). Note on Map 5 that this corresponds to most of the "shallow
to bedrock" ‘1and form area. Only two areas in the watershed have |
different land form types. The western end of subwatershed k5 and the

southern end of subwatershed k7 are mainly outwash areas.

Table 5 1ists water users and point discharge sources in the Kawishiwi
Watershed. Possible nonpoint sources of water po11uti6n include the city
of Ely; storm sewer discharge to Shagawa River, road salt (28 tons used
during‘1975-1976 winter); village of Winton storm sewer discharge; rural

" residences; roads and highways; and campgrounds and.resorts. Rural
residences, campgrounds, and resorts are users of small amounts of water

which are*listed in Table 5.



Isabella River Watershed

Watershed area | 883 km?
Reg
Percentage of Study Area 18.6
Subwatershed areas . il 751
Little Isabe]]a © 132
Stream stations I-1 "Isabella River
Lake stations none

The Isabella River Watershed is a large watershed on the eastern edge of
. Reg .
the Study Area (Figure.l). Most of the watershed is within the Superior
Mational Forest and the northern edge is within the BWCA. The southeastern
boundary is formed by the Laurentian Divide. Nearly 4.5 percent of the
(MLMISI%‘?) .
watershed is water*(Map 2 and Figure 8). The Isabella River flows out of

the watershed and joins the Kawishiwi River in subwatershed k7 after

flowing through Bald Eagle and Gabbro lakes.

_ Most of the forested area in the watershed is pine (Map 3) This accounts
for over 45 percent of the pine in the St%dy Area (MLMIS 19&2) Spruce,
fir, aspen, and birch occupy small areas in the east and south of the

watershed.

 The Isabella Watershed is split nearly in half between "shallow to bedrock"
and "eskers and outwash" land form areas (Map 5) with "shallow to bedrock”
to the north. Peat bogs scattered throughout the watershed take up 11
percent of the area. Map 4 and Figure gfshow soil type distribution,

0N
Mo water use or point discharge data +s available for the Isabella Watershed;

howevér; possible nonpoint discharge sources and users of small amounts of
water include campgrounds and resorts, roads and highways, village of Isabella,

other small towns, and rural residences.



Py

Filson Creek Watershed

Watershed area ‘ | 27 km2
Percentage of Study Area 0.6

Subwatershed areas - fl 27

Stream stations F-1 Filson Creek
Lake stations none

Filson Creek Watershed is small and was monitored by one stream station
(F-1). Filson Creek flows into the Kawishiwi River in subwatershed k7
Jm‘ e one

(Figure 1). Two small 1akes 1n the watershed account for “gweApercent of

Fotad (MLMIS / W A e (5 of the area IS Fovesktd pd 12. poramt
e i 7 %w land ust data .;/wmﬂ[/ 74 /"W

m SW.
kar\dfé 9‘; TAAEMM/WMQWM/MMMM
mz‘ a thangl [~ Mﬂ&uﬁcmm Black. spruce bog  tonSideced ”(\‘wu,/ in 1769,
was c/4&sn(ea’ as s ) marsh o bayg % i (937 )

Filson Cree Watershed 1s on the Western edge of the pine
forest area (Map 3) and has only 38 percent pine, a much lower percentage

than the Isabella Watershed. Aspen and birch comprise most of the forest.

BOnTy two Tand form types are found in Filson Cfeek Watershed; "shallow to
bedrock" and bogs (Map 5). There are likewise only two soil associations
found here, Mesaba-Barto undulating to hilly and Mooselake nearly level
(Map 4).

) Aang. .
Water use and point discharge data #s not available for Filson Creek

Watershed. The only sources of water pollution appear to be highway 181

and logging roads.



Keeley Creek Watershed

Watershed area &uuuvk 29 km2
Percentage of Study Area 0.6

Subwatershed areas . kcl 29
Stream_statiohs- KC-1 " - Keeley Creek
Lake stations none

. Keeley Creek Watershed, located just south of Filson Creek Watershed, is
quite similar to Filson (Figure 1). The watershed is small and the creek

flows into Birch Lake in the Kawishiwi system and subwatershed k5. Ms5=2

it ond atBd od Y wakbahed S dorest, Seven. otrint s , A or 604, and
23,— Fﬁzﬁ S ptn ﬂw vaca~t (F M/D)(M/L/Lfﬁ /7;;)(, In 7;2‘5 ,':\:rz;oé‘h [%g{/‘
was prseet in the vatteshed (Map 2), whid h«@a,/habcaﬁa reat logging

achin "6

Pine forest occupies the eastern one quarter of the watershed (Map 3).
There is some spruce and fir to the west, but aspen and.birch are the pre-
dominant tree types. Like Filson Creek Watershed, Keeley has only two

land form types, "shallow to bedrock" and bog, and two soil types (Maps 4

and 5).

Keeley Creek Watershed contains no large water users or dischargefs covered

by permits. A possible nonpoint source of pollution is Minnesota highway 1.



Stony River Watershed

’ 2
Watershed area ' 632 km
gggaclu
Percentage of Stwdy Area 13.3
Subwatershed areas : srb ' 125
srd 161
sr3 180
sr2 101
srl 65
Stream stations . SR-5 ‘Greenwood River
SR-4 Stony River
SR-3 Slate Lake Outlet
SR-2 Stony River
SR-1 Stony River
Lake stations 4 LGD-2 Greenwood Lake
LSD-1 ‘ Sand Lake
LSM-1 South McDougal Lake

LST-1 Slate Lake

The Stony River Watershed is.a relatively large watershed which formé part
of the southern boundary of the“géudy Area (Figure 1). On the west the
Laurentian Divide constitutes about half of the watershed boundary. The
cStony River, which flows into Birch Lake, was monitored at four places,

and one tributary (Greenwood River) was also monitored. There are quite

a few lakes in the watershed, especially in the central area. Four lakes

were monitored, and their characteristics are shown in Table 6.

‘Most of the Sto%y River Watershed is forested,according to Map 2 and
puuMISI #) .
Figure 1}, Spruce and fir are the predominant tree types (Map 3), and
occupy nearly half of the forested area. The watershed has about 29

. Resoanth~
percent 6f &11 the spruce and fir in the Study Area (MLMIS 1932). In the
northern section of the watershed the spruce-fir forest is replaced by

a mixture 6f pine and aspen-birch forest.



The Stony River Watershed has a wide range of soil types (Map 4) and
land form types (Map 5). It contains nearly 25 percent of the peat bog
Rewprth~ :

in the Study Area (MLMIS 1974). About one third of the watershed is

~ covered with bogs and peat soils. The "shallow to bedrock" land form area
dips into the northern end of the watershed in subwatershed sri. South -
of this is a broad band of outwash area interSpefsed with bogs. Subwater-
sheds shg and sr5 in the south have a mixture of land forms but are mainly

drumlin and bog areas.

Water use and point discharge information is not available for the Stony
River Watershed; however, nonpoint sources of water poliution may include
campgrounds and resorts, roads and highways, and rural residences.
Campgrounds, resorts, and residences are also users of small amounts of

- water.

Unnamed Creek Watershed

Watershed areéﬁkxwm}* : 11 kn®
Percentage of Study Area 0.2
Subwatershed areas bbi 11
Stream stations BB-1 Unnamed Creek
Lake Stations none

Resewrch

Unnamed Creek Watershed is the smallest watershed in the Study Area and is
' 77
sne osf the most heavily mined (MLMIS #968). Station BB-1 mon1tored Unnamed Creek

at its mouth on Bob Bay of Birch Lake (Figure 1) The amaunt b minlamd in

the watershed ihortased potwedn 61 ord P In 69 7 poccint of N wattrshed wns
vextractive” land 4S€ and ywo percent “pasiure and gpen” { open lond oiHtn Sarrpuns

mines [ Map 2). Tivendy saen pertsnt “minebnd" was (ound m 1973, and 26
ﬁerawf %Vgh/bﬂé G’gumt,LZJ i Erie Mining Company has an open pit



mine along the entire northwest edge of the watershed on the contact
(MEQB 1978). Stockpiles along the southeast edge of the pit take up
whick ‘

additional land. The forested areafis mainly aspen and birch (Map 3)
ersd e 51 Aoy periind of Pt Wteshed. From 1904 /f/?yeﬂm'ng’/
Unnamed Creck mith TR smallost forest percentnge of all The toadtrshe 1S,

#  The soil types and land form maps (Maps 4 and 5) show that nearly three
quarters of Unnamed Creek Watershed has a thin soil cover over the bedrock,

and &nother 13 percent is peat bog. The mining area is also visible on these

maps.

Watef users and point dischargers in Unnamed Creek Watershed are Tisted
in Table 7. Seepage from stockpiles is a nonpoint source of water

pollution not included in the table.

Dunka River Watershed

2
Watershed area : ) .- 128 km
Resonsth~ o

Percentage of Study Area 2.7
Subwatershed areas - d2 44

dl v 84
Stream stations ‘ D-2 Dunka River

D-1 Dunka River
Lake stations none

The Dunka River Watershed is located south of Unnamed Creek Watershed
(Figure 1). The eastern and southern boundaries are forméd by the
Laurentian Divide,and the contact runs along part of the northern edge.
Sampling station D-1 is Tocated somewhat above the mouth of the Dunka
River at Birch Lake, so the watershed does not extend to the end of the

Twehe
river. 5¥x percent of the watershed is mining land tMap=@=and(Figure 13),

(MLMIS /?7?)} tompared 10 b perant i 1969 (/‘%0 2)



About one third of Reserve Mining Company's Peter Mitchell Open Pit Mine

is located in subwatershed d1 along the contact. Surrounding the pit

. are stockpiles (MEQB 1978). W/WM% oF opln. Jand /Rmd./g/ﬂ%w Three
o M perceat from 1769 o 777
more.

The southern part of the watershed has no mining and is'heavily forested,

wodershed 42 is ercort et Lompared o 4y perent and
2iif:kJsubéL%ﬁkﬂaz/?hLﬁus ﬂ;;{ F Aspenibirch ferest £8 are

most widespread, with some spruce-fir forest interspersed (Map 3). #

(HLMIS 1974) ‘
subwatershed d2 is peat bog} and over 20 percent of the entire watershed

(Map S).
is bog EMEMIS=39743. The soil type associated with these bogs is

Mooselake nearly level (Map 4). "Shallow to bedrock” is the largest land

form area in the watershed.

Mining companies are the major water users and dischargers in Dunka River
Watershed (Table 8). Stockpile seépage, mining roads; and public highways

are nonpoint sources of water pollution.

Bear Island River Watershed

| e 2
-Watershed area ' 177 km
" estanth |

Percentage of Study Area 3.7

Subwatershed areas ' bil 177

Stream stations BI-1 Bear Island River

Lake §tations LBI-1 Bear Island Lake
LBI-2 "
LPH-1 Perch Lake

Research

Bear 1siand River Watershed is on the western edge of the Study Area

(Figure 1): The river flows northeast into White Iron Lake in the



Kawishiwi Watershed. /s © . The- Wattrshed MJ”O ¢/

© T (Agpendix By a (e
rurad reLJAanﬁ ad A4m¢¢$?§¥ee-qs%§%§¢#£é§§7 &%n@%?e’i“; AazéksAhig/n,

“OALMIS, fm)
the Research, A”” Scattered residences, many located near lakes, appear to

, ei (Figure 1)
account for this. Lakes occupy ngne percent of the watershed Two lakes
were monitored and their characteristics appear in Table 9. Aspen and
birch are the predominant tree types (Map 3). Conifers take up less than
20 percent of the watershed, a low percentage for the Study Area. Most of
the watershed has "shallow to bedrock” land form (Map 5) and two soil types:
Mesaba-Barto undulating to hilly and Conic-Insula indulating to hilly
(Map 4). Peat bog occup1es about 15 percent of the area. An meréase ﬁﬂ vhe
mf 2’22‘4”75/ s Toumd J,f dﬁ?f %ﬁdhﬁ iﬁ%’i’f}f m/zéi/z;% 7 N502),
Bear Island River Watershed has no large water users or point dischargers.

'Ndnpoint sources may include rural residences and roads and highways.

Shagawa River Watershed

Watershed area-nawund\ 256 km2
Percentege of Stugy Area 5.4
Subwatershed areas. ' shl 256
Stream stations SH-1 Shagawa Lake Outlet |
Lake stations none -
Qesetni~

The Shagawa River Watershed forms the northwest corner of the Study Area

(Figure 1). It is unique because of }Es h1gh fercentages of urban land
. L

and area occupied by water (Figure 150 Twenty percent of the watershed
area is water, due mainly to Shagawa and Burntside lakes, two of the

Rese
largest lakes in the Study Area. Urban areas surround the lakes and the

town of Ely is located beside Shagawa Lake (Map 2). Shagawa Watershed



has 23 percent of the urban residential land and 28 percent of the urban
o Reseq i
and nonresidential or mixed residential land in the Study Area (the Shudy

Area has only0.54 and0.29 percent of these land use types, respectively)

(MLMIS 1969).

Over three-quarters of the forest in the watershed is aspen and birch

(Map 3). This is the highest percentage of any watershed in the ;%ﬁgy Area;
Like other watersheds in the northern part'of the §%§ﬁ§#irea, Shagawa is
characterized by "shallow to bedrock" land form (Map 5). The watershed

has Conic-IﬁsuTa indulating to hillysoils in this area, however, which is
unusual. The g%:z;dkrea as a whole has only five percent of this soil

type, and the Shagawa River Watershed has 61 percent of the total (MLMIS

1973).

Table 10 shows the two large water users and dischargers in the Shagawa
River Watershed. Nonpoint sources and users of small amounts of water

in the area include the city of Ely: storm sewer discharge to Shagawa
Lake, réad salt (28 tons used during 1975-1976 winter); campgrounds and
resorts; roads and highways; rural residences; and the abandoned Pioneer

Mine pit.

Rainy River Drainage

Area above K-1 3489 km2

Respsr T~

Percentage of'%tudy Area 73.6

The preceding sections have dealt with the individual watersheds in the

Rese
Study Area which are north of the Laurentian Divide and part of the Rainy

River Drainage (Figure 1). Since the water from this entire region leaves



Lesopth~

the §tudy Area at one point'(stream station K-1), it is appropriate to

consider the region as a whole.

The Kawishiwi River collects water from all the other watersheds north of
the Divide. As mentioned earlier;only subwatershed k6 of the Kawishiwi
System does not receive input from other watersheds. Because of the
variation between sets of biological, cultural, and geological factors
from watershed to watershed, a wide range of water chemistry types can be
expected to enter the Kawishiwi. '
(ALMIS 1)
The area north of the Divide is predominantly forested (Map 2 and Figure lﬁf.
About one third of the forest is pine, however; this .accounts for 98
Kosei~ 7

percent of the pine in the Study Area (MLMIS 1982). Map 3 clearly shows
where the pine in the region is concentrated. A disproportionate amount
. Resoho

of the water in the Study Area (91 percent) also is located north of the
Divide (MLMIS 1969). Mining areas take up only 0.3 percent of the region, .

. : Res .
which accounts for 23 percent of the mining land use in the Study Area

(MLMIS 1969).

The northern half of the area north of the Divide consisfs a]most entirely
of "shal]ow to bedrock" land form type (Map 5). To the south other 1ahd
forms becbme more prevalent, especially eskers and outwash areas and bogs.
The Mesaba-Barto undulating to hilly soil association is most common

(Map 4).



Embarrass River Watershed

Watershed area 229 km
ﬁzymva/

Percentage of Study Area 4.8
Subwatershed areas el 46

' e2 183
Stream stations E-2 Embarraés River

E_ 1 1t
Lake stations none
' Rescarih—

The Embarrass Rivér Watershed is located on the western edge of the-Study
Area with the Laurentian Divide as its northern border and the Embarrass
Mountains as its southern border (Figure 1). The river flows in a south-

westerly direction out of the watershed and joins the St. Louis River

Losez
outside of the Study Area.

The town of Babbitt is located in the eastern end of the watersheq,and

. bom limd use i wodtvshed €2 (Aypordin 8)
accounts for the 'S pecgé Mw MM As m #é%&/‘té HLAMLS (777) " purad 7

ﬁwﬁ 0§ 13 porent pf Stdueitcshad 2. A
&/‘M ﬁv( WZWMMM.LS Wﬂ/ﬂ-ﬂflﬁ/ /3 WW Z:é’t

ZEWIZ 1), which. (s more Than M@,&v”ﬁl/ Wd&ﬁ/@i

¢ (63p ecent of the watorsked
The forest‘1s mainly aspen-birch,with 27 percent spruce- f1r and only two

percent pine (Map 3).

Peat bogs are the major land form type in the Embarrass Watershed, according
to Map 5, and take up one third of the watershed. Two types of peat soils
form the bogs (Map 4). The "shallow to bedrock" area corresponds to the
Embarrass Mountains, and the outwash plain and sandy moraine area is part

of the thick glaciofluvial deposits resulting from the retreat of the Rainy

Lobe of the Laurentian ice sheet (0lcott and Siegel 1978).



Water users and dischargers in the Embarrass Watershed are listed in
Table 11. In addition, there may be nonpoint discharges from these
sources: Village of Babbitt: storm sewer discharges, road sale (20 tons

used during 1975-1976 winter); rural residences; and roads and highways.

Partridge River Watershed

2
Watershed area 404 km
eesacd
Percentage of Study Area 8.5
. Subwatershed areas : p5 32
p4 48
p3 47
p2 137
pl : 71
2 . Second Creek = 69
Stream stations | P-5 Partridge River

P-4 South Branch
Partridge River
P-3 Colvin Creek
p-2 Partridge River
P-1 .Partridge River

LCY-1 " Colby Lake
LCY-2 Colby Lake
LBG-1 Big Lake

Lake stations

The Partridge River Watershed is defined on the north by the contact and
the Embarrass Mountains and on the east by the Laurentian Divide (Ziiure 1).
Two lakes in the watershed were monitored and their characteristics®are

shown in Table 12. Mining along the contact occurs in four of the six

quEwl 19
subwatersheds and”occupies nearly rire percent of the watershed area
(MLUIS 1937)

bl '
@dap=2=amd (Figure 18). Second Creek Subwatershed, with 3% percent extractive
land, has proportionally more mining land than any other subwatershed
a3
(MLMIS ¥68). Open pit mines belonging to Erie Mining Company and

Pittsburgh Pacific Mining Company, a large tailings basin, and many




stockpiles are located in the subwatershed (MEQB 1978). Subwatershed p5
contains most of Reserve Mining Company's Peter Mitchell Open Pit and is
% 13 '
;5 percent mining land (MEQB 1978, MLMIS 1969). o o/

Hineland 9&421;{{« fdwwf‘) dvze 4i mitch [and gw* PR il:[ fﬁ/ in /qf’j /'\WM%%C /Zi;{m

: 23 {40 2). 7 ) tondad mne prretad o 4
Lver . (Map The, endhre. ittteshe e ;aﬁhmdﬁf;S confrirgd 25 plretnd,

[l Stwnd Crtek Sibwattrshed wntained 24 gotnt and Sub \

The ‘oot & vy&: brd has alo inoredsql dramatically, pessibly i aisociafin. it mining 20T,
oyt covtr Js lmBd Ve eadahed Gune of dhe ldegl amiownds o reining and open Jind,
Sublagtrs A 05 has pnfy 20 peccont  frest and “Second Creck oumfmjﬁe’d omby 29 perat.
forest dgpe \s predomivantly aspen a K .

birch.”™ Conifers, mainly spruce and fir, account for about one third of

the forest area (Map 3).

Map 5 shows a wide range of land forms existing in the watershed. The
northeast, outside of the mining areas, is characterized by thinly-covered
bedrock. Moraine and drumlin areas take up most 6f the squtherq section
with many bogs. The USGS classifies this section as "shallow bedrock-
moraihe area" (0lcott and Siegel 1978), a slightly different interpretation.
To the west,again excluding mine]énd, is an area-of eskers and outwash.

Map 4 shows the soil types associated with these land forms.

The Paftridge River Watershed has a large number of.point and nonpoint
pollution sources. Table 13 lists point sources and water users.

Abandoned and exhausted mines may be nonpoint sources, and Table 14 lists
thesg in the watershed. Stockpiles surrounding the mines may also be
noripoint sources. Other possible nonpoint sources include the village of
Hoyt Lakes: storm sewer discharge to Colby Lake and wﬁitewater Lake, road
salt (5 tons used during 1975-1976 winter); roads and highways; campgrounds
and resorts; and rural residences. Small amounts of water are used by

c¢ampgrounds, resorts, and rural residences.

Although six subwatersheds make up the Parfridge Watershed, stream water

was monitored in only five subwatersheds. Second Creek enters the



Partridge River downstream of Station P-1, thus the effects of characteristics
of Second Creek Subwatershed on watef quality were not revealed, except in-

a diluted form at station SL-1 on the St. Louis River.

St. Louis River Watershed

. ' 2
Watershed area - 350 km
Resstnt/— |
Percentage of Study Area 7.4
Subwatershed areas s13 157
' s12 86
s11 107
Stream stations SL-3 Seven Beaver Lake Outlet
' SL-2 St. Louis River
SL-1 "
Lake Stations LSB-1 Seven Beaver Lake
LSB-2 "
LPN-1 Pine Lake
LL-1 Long Lake

The St. Louis River drains the entire region south of the Laurentian Divide
Resewrth

in the Study Area; however, most tributaries join the river downstream of
the Copper-Nickel monitoring stations. Only the Partridge River flows into
the St. Louis within the boundaries of the %§$Z§Ahrea (Figure 1). The

St. Louis River Watershed is long and narrow with the Laurentian Divide

as its eastern boundary and the northern edge of the Toimi Drumlin Field
generally forming its southern boundary (01cott and Siegel 1978). Three
lakes in the watershed were monitored; their characteristics are given in

Table 15. Forest is the predominant land use €ﬁ§§£§i§ﬁﬁ(Figure 19),

consisting of mostly spruce and fir in the east and aspen and birch in the

west (Map 3).



| The most striking feature of the St. Louis Watershed is the large amount
of bog, best seen on the land form map (Map 5). Subwatersheds s12 and s13
are both more than 50 percent bog-covered (MLMIS 1974). This area is
defined by the USGS as the Seven Beaver-Sand Lake wetland area (Olcott and
~ Siegel 1978). Most of the remainder of the wétershed is moraine and
drumlin area (MLMIS 1974), although the USGS considers part of this area
to also include shallow to bedrock physiography (Olcott and Siegel 1978).

Soils in the watershed are primarily Newfound-Newfound wet undulating and

peat soils (Map 4).

The St. Louis River Watershed has no large water users or point dischargers.
Nonpoint'dischargers and users of small amounts of water include campgrounds

and resorts, rural residences, and roads and highways.

The area upstream of station SL-1 includes both the St. Louis and Partridge
watersheds, since the Partridge River enters the St. Louis River in

subwatershed s11. Characteristics for the area above SL-1 are Tisted in

Appendix C.

Nhiteface River Watershed

: 2
Watershed area 148 km
‘ Resedath—

Percentage of Study Area 3.1

Subwatershed areas wfl | 24
wf2 124

Stream stations ) WF-1 Shiver Creek
WF-2 Whiteface River

Lake stations none



The NhIteface River Watershed forms two extensions on the southern edge

of the é%Udy Area (Figure 1). Shiver Creek, monitored at station WF-1,
and the Whiteface River, mon1tore%Q?t station WF-2, both flow into

T fse :
Whiteface Reservoir south of the Study Area. The Whiteface River continues

out of the reservoir and eventually joins the St. Louis River.

The watershed is entirely within the Toimi Drumlin Fie]d and has numerous
small bogs between the drumlins Map 5 and Figure 20). Most of the

(LA s (961)]
forested area [§9 percent of the watershedf is aspen and birch, inter-
spersed with spruce and fir (Maps 2 and 3). Map 4 shows the soil types

in the watershed.

A campground on Cadotte Lake, rural residences, and roads may use and
' w
discharge small amounts of water within the Watershed. No large users

or dischargers requiring permits are fouhd in Whiteface Watershed.

Kater Hen Creek Watershed

Watershed area;w e | | " 118 kn®
Percentage of Study Area 2.5
Subwatershed areas wl 118
Stream stations W-1

" Lake stations | none

Mater Mén Créek Watérshed forms the third extension on the southern edge
@f the g%%;y Avea (Figure 1). The creek flows northwest after leaving the
?ﬁ%ﬁy krea #Rd inte the St. Louis River. A greater percentage of this
watershed 1§ takeén up by pastureaLopen, and cultivated land than any other

_ , Mis //M)
witershad (Map 2 and Figure 21)" As in other watersheds in the southwestern



Resamnth

part of the ‘Study Area, most of the forest is aspen and birch with spruce
and fir second most prevalent (Map 3). Part of Water Hen Creek Watershed
is within the Toimi Drumlin Field; however, the western section consists

of mainly moraine (Olcott and Siegel 1978)(Map 5).

The watershed has‘on1y nonpoint sources of water pollution and small water

users, such as roads and rural residences.

Lake Superior Drainage

Total area south of Laurentian Divide 1249 km?
 ReSeartho
Percentage of Study Area 26.4

Reseanth

Five watersheds, which account for 20 percent of the Study Area, are
located south of the Laurentian Divide in the Lake Superior Drainage
~ (Figure 1). Although the St. Louis River drains the entire area,only the

Partridge River joins the St. Louis within the boundaries of the-Sfé%ﬁf

. . Researh~
Area. Most of the extractive land use (77 percent) in the Study Area
occurs south of the Divide, since the contact runs through much of the
o fAts [46])
Partridge River Watershed. Cultivated land, less than 0.2 percent of the
Study Area, falls predominantly (92 percent) within the Lake Superior
Drainage. Pasture and open land is also more common south of the Divide

(MLMIS 1969).

The area south of the Divide is mostly forested (Map 2 and Figure 22), but
has a different forest type composition than the area north of the Divide
(Map 3). Whereas the northern area is 37 percent pine forest, the southern
area is oniy two percent pine. Aspen-birch forest is most common, with

spruce and fir occupying the next']argest region.



Land form south of the Laurentian Divide is also different from that north
of the Divide (Map 5). Sixty-six percent of the moraine and drumlin area
is in the south, and only six pércent of the "shallow to'bearock" area
(MLMIS 1974). Bogs take up 32 percent of the Lake Superior Drainage.

Small bogs are ]ocatéd between the drumlins and the Targe Seven Beaver-
Sand Lake wetland area is found in the St. Louis River Watershed (O1cott
and Siegel 1978). Soil types associated with the Tand ,form types are shown

on Map 4. .
Resenth

Lakes Qutside of Study Area

Seven lakes were monitored which are not within any of the designated
watersheds. Their locations can be seen on Figure 1. -Charactefistics
of the drainage areas of these lakes will not be included here; however,

Characteristics of the lakes thehse]ves are listed in Table 16.

SURFACE WATER QUALITY

This section presents summary statistics for lake and stream water quality.
Four major parameter groups are considered. The first consists of general
water quality parameters such as major cations and anions, color, and
conductivity; the second includes parameters relating to acid buffering
capacity; the third consists of major nutrients; and the fourth includes
major and trace metals. Only summary statistics are presented; all

interpretations and discussions are dealt with in Chapter IV-Discussion.

Data are presented in the form of Box Plots (McGill et al. 1978), a display
22

technique that illustrates range, median, and quantjties (Figure 4)s and,
. \-.,

when appropriate, bar diagrams. g



For each parameter under the four general groupings, summaries are given
for individual stream stations, thezeegion~basedmonwstream«dataqwandmthe-
region”based_onwiake~dataw. Summaries for individual lake stations are not
warranted because lake sampling frequency was low and for many stations

less than five data points exist.

Except for pH, dissolved oxygen, and specific tonductivity, determinations
that were conducted on-site .or at a field laboratory, chemical analyses
were performed by the laboratories of the USGS in Denwen and the Minnesota
State Department of Health. Data on analytical variability and quality

assurance are presented in the Data Quality Assurance Technical Report.

GENERAL WATER QUALITY - |

Y
Figure 23 is a bar diagram of median major cation and anion concentrations

expressed as milliequivalents per liter; median silica concentrations are
renodon _

expressed as millimeter per liter.

'Idea11y it is expected that the sum of cations equal the sum of anions; in
practice this rere]y occurs. The inequalities observed in Figure 23 suggest
that additional jonic species existed that were locally important, but that
-were not measured. Analytical variability, which tends to increase with
~1'hcreas1'ng concentrations, may also contribute to such inequalities. The
lack of exact agreement between cations and anions does not, however, reduce
the usefulness of Figure Zg;for the diagram does illustrate spatial | ;
variability in the proportions of the major ionic species that govern !

general water quality. i



Nt Qoramalng (QUSH _
Box plots forfcolor, specific conductivity, and total organic carbon (TOC)

are presented in Figure 24,

BUFFERING PARAMETERS

Box plots for pH, alkalinity, and sulfate are presented in Figure ZA.

NUTRIENTS

+

Box plots for total phosphorus and total nitrogen are presented in Figure 25.

Summary data for.lake chlorophy11d and secchi disk are given in Table 17.
METALS

Figure 26 presents box plots for total iron, copper, nickel, lead, zinc,

anrd cadmium, ENANNAR caloelek | Kv&\QUAAS ;) CASIMA canndl g Qs s,

Arsenic and mercury were analyzed for because of their known toxicities.

Less than detectable concentrations were common across the region, but as

I 23

Jagi:ié8 illustrates, measurable concentrations of the two metals were
Resoanth .

observed throughout the Study Area. The maximum mercury value, 0.6 ug/%,

. {m

was measured at K-1; the maxum median values 0.1 ug/%, was observed at

A . o _

BI-1; the minum median value, 0.01 ug/%, was observed at K-7. For arsenic

the maximum value was 100 ug/% at E-1; the range in median values was 0.5

ug/2 at BB-1 to 1.7 pg/2 at both W-1 and WF-2.
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CHAPTER. 1v
biscussiol

SUREALE WATER RUALITY

The box plots presented in Chapter IIT are useful for visualizing the

distributional characteristics of the data sets. However, additional data
analysis techniques were needed to obtain a clearer picture of regional
water quality. Before broceeding with a discussion of the results of these

effects a brief description of the principal methods employed is warranted.

Parameter Correlations

To investigate the inter-relationships of parameters, linear regressions
were generated. As much of the data showed skewed distributions, regressions
were made on log transformed data sets in addition to the nontransformed
ones; the more significant corre]at1on of the two was then selected, When

;| re1at1onsh1p seemed especially helpful for water quality the regress1on
equat1on for the best fitting straight line through the scatter plot was.

obtained.

Spatial Variability

A series of ana]ys1s steps were used to establish spatial trends in water
quality. The f1rst step consisted of reviewing thegszgigy‘btat1st1cs and
resulted in tentative spatial groupings of stream stations based on median
concentrations. These tentative groupings were then strengthened by the
application of the multiple range test (an analysis of variance technique).
Three definite groupings of stream stations resu]ted which were then tested
using univariate analysis of variance. To evaluate differences between

groups, on a multivariate basis, discriminant analysis was emp]oyed.—T¥@{;*@ckm&%ﬁut

determines a classification function to distinguish between the three spatial



groups and then applies the function to each observation to'determine if
it is correctly classified. If the observation is not correctly classified,
the function determines which group it seems to belong to. As a result of

this analysis it was possible to identify statistically difficult water

. . feazondes
quality areas in the Study Area.

Flow Dependency

An analysis of the inter-relationships between flow conditions and water
chemistry yielded an understanding of the sources of the chemical consti-

tuents found in water and of the temporal variability in chemical mass

-

transﬁort.

The possibilities for the relationship between the chemical éoncentraté%“%f
a parameter and flow conditiong in the streem are numerous, but the range

can be divided into five convenient categories: simple inversive

dependence; partially inversive-partially independent§ complete independence;
partial 1ndependence part1a1 direct dependence, simple direct dependence.
These cases are illustrated in Figure 23 and are numbered 1, 2, 3, 4, and

5, respectively. Included in Figure 23 are the corresponding mass vs.

flow, concentration vs. time, and mass vs. time relationships for the five

concentrations vs. flow cases.

Case 1--This relationship would be observed at a monitoring site if there
were a constant source of mass upstream. When flow increased due to
precipitation, concentration would be seen to decrease as a direct function
of dilution. This case assumes that the diluting water contains no

additional mass.



Case 2--Here, additional mass is being contributed by the atmosphere

resulting in only partial dilution of the mass from the upstream source.

Case 3--There is no constant upstream source of mass. The atmosphere is o Nﬁosoﬂ\
the-mass source, and therefore the circumstances observed in the stream |
are Q53Y3§UQGU~&~_ \au\ - atmospheric and meteorological processes. For

~d .

all practical purposes concentration is constant over time.

Case 4--In this case atmospheric and meteorological processes are still
important but now there is additional and intermittant mass release within
the watershed. Watershed washoff or accelerated weathering with increasing

precipitation are examples of this phenomenon.

Case B-—This is an extension of Case 4 with internal watershed release of

- mass accounting for a greater percentage of the total mass source.

To expect a given stream to fit one of these five cases exactly for all
parameters is unrealistic, simply because of the differences in sources of
chemical mass and variability in water qud]ity. In evaluating flow depen-
dency of parameters in theqzzzz; Area plots of the type illustrated in
Figure 23 were generated for each of the eleven stream stations for which
continuous flow, and calculated mass, data were available. It is
reasonable to assume that the relationships between flow and quality
defined by the eleven stations are representative of regional atmospheric-

wudne\e&  interactions.

Watershed Mass Export Rate

To further develop and quantify these atmospheric-watershed interactions,

mass export rates for the major parameters at the eleven stream stations



used in.the above éna]ysis were determined. The results were compared to
regional atmospheric deposition rates for the same parameters determined
from four bulk precipitation collectors. If the watershed export rate

is lower than atmospheric input rate, watershed retention of that parameter
is suggested. If the input-export rates are equal simple mass balance is
observed implying an atmospheric source of the material. On the other hand,
if the export rate exceeds the input rate one can assume that the watershed

jtself is contributing mass in addition to the atmosphere.

Water Quality Indices

For two parameter groups--nutrients and buffering--lake water quality
indices were calculated. The indices are based on theoretical tonsideratidn

of trophic state and buffering capacity and allow the lakes in Fhe Study Qi&d&*&b\'

Area to be directly compared.



The results of the above data analyses for the four parameter groups now

follow.

GENERAL WATER QUALITY

Parameter Correlations

3

Table A7 lists those linear corre]at1ons found to be significant in lakes

and streams at a 95 percent level or greater (ps0.05) for specific
conductance, co]or, ‘total organ1c carbon, ca1c1um, and magnes1um While
Cthese corre1at1ons should not be 1nterpreted as establishing d1rect cause
and effect relationships, they do suggest associations between parameters
which in turn are he]pfu]vto an understanding of the interactions of
chemical species in natural waters. A case in point is color. It is
widely known that dissolved and suspended organics as well as ino}ganics
can contribute to a water's co1or‘ It was therefore not surpr1s1ng to
find such parameter correlations with co]or in the\gghg; ;rea What was
interesting to note, however, were the specific parameters involved. A
wide variety of inorganic and'organic parameters were measured during the

¥

Study, yet only iron and organic carbon’ and nitrogen were seen to be the
(&U. zr-\%u\g.; 30 om& 20)
compounds most closely associated with color¥ The correlations by
themselves do not allow one to say that iron and organic carbon and
nitrogen caused the color, but they do suggest a significant association
between those organic and inorganic compounds and the color of the water.
This distinction may seem subtle, but is is nevertheless essential to

keep in mind. At best, correlations can only imply causality, they cannot

prove it.



Specific conductivity is a measure of a water's ability to conduct.e1ectrica1
current, which in turn is due to the presence of charged ioniciﬁﬁiﬁ;.
Total dissolved solids (filterable residue) which were correlated with

, S8 Tl 32) ?
conductivitys are often regarded as a measure of weathering processes. In
igneous basins characferizedvby insoluble rock, one would expect weathering
to occur slowly and be reflected in Tow total dis§91ved solids and con-
ductivity levels; this was indeed observed in thetégiz;b;}ea. However, it
should be noted that the atmosphere may also be a source of ionic SFQCLLa s

particularly bicarbonate ions.

The usefu]nesé of conductivity measurements can be enhanced by regressing
them against a series of specific ion concentrations. Predictive equations
can be obtained to yield estimates of specific ion concentrations from
simple conductivity measursments. Two examples are calcium and magnesium,
which are shown in Tab]e.xg*to be‘highly correlated with conductivity,

and which, not coincidentally, were the most prevalent jonic ’"Kﬁc;ia

measured in the region.

Calcium, as will be discussed later, is also a principal factor in
buffering systems. Increasing calcium concentrations were found to be
associated with increasing pH values, and in lakes, with increasing

alkalinity levels.

Spatial Variability

P 0
NSUREONE
Following a review of the summary statistics and application of the mulcipie

range test (an analysis of variance technique) three definite spatial
groupings of stream stations were recognized, based on median concentrations

during the Study period.



They were:
Group A: P-l, SL-1, BB-1
Group B: P-2, E=1, D-1

Group C: all other stream stations

For the major cations and anions as well as for color and TOC, concenirations
were highest in Group A and lowest in Group C. Additional analysis of
variance was applied to test for the significance of the differences

between the groups. The results are presented in Table 32?

Clearly, the three groups were significantly'different from each other, with
the one exception'being sodium in Groups A and B. As the watershed
descriptions indjcafed, modifications to the natural environment have
occurred in the Unnamed Creek and Partridge systems. The datatsupport the
hypothesis that the e1ev5ted levels of the chemical constituents noted

above are the result of these a1teration$ in the watersheds. The inclusion
of SL-1 in Group A is due to the dominance of that station's water quality

by the Partridge River system which discharges into the St. Louis River

just above SL-1.

Forv axonple, b testing for significance of
differences in mean calcium concentrations between SL-1 and SL-2, and
between SL-1 and P-1, no difference was noted between the latter pair,

w2

whereas the concentration at SL-1 seemed--to-be significantly higher than

that at SL=2 (p<0.005).

The watershed descriptions also pote the existence of 1ndustr1a1 and/or

municipal dischargers and development in the Dunka and Embarass watersheds.



The data analyses conducted here verify that significantly higher than
background concentrations exist at these stations, but the data also
clearly demonstrate that the levels are significantly below those in

SL-I, P"'l, and BB"I-

Comparisons were also made across the region to ascertain if there were
spatial differences in data variability. While universal relationships

were not observed the general trends were:

1) stations with higher mean concentrations also exhibited greater
variability in water quality

2) smaller drainage areas showed greater water quality variability 4&\&\\
did larger drainage areas.

: 2D
Representative data for these observations are presented in Table 29.



Spatial variability in the lakes was Tess eassav to statistically test
because of small data sets. Analysis of variance, however, generally
delineated the following fe]ative relationships between lakes for nine

general water quality parameters:

Calcium: Tofte>Colby, Wynne>all others
Magnesium: Slate, Colby, Wynne>most others>Perch, One, Triang]e,'One
Potassium: Colby>most others>Wynne | ’
Sodium: no distinct groupings
Chloride: Colby>most others>Clearwater
Silica: Gabbro, Wynne>most others>Tofte, Clearwater
Conductivity: Colby, Tofte, Wynne>all others
Color: So. McDougal>most others>Clearwater, Tofte
TOC: Colby, Sand, Wynne, Long, Whiteface, So. McDougal, Greenwood,
Seven Beaver>all others ,
It is cautioned that these-groupings are based on relatively few data and
only suggest spatial trendsf They are not definitive as the stream analyses

were, thereby limiting their usefulness.

Flow Dependency

Thé results of flow dependency analysis for the general water quality
2\

parameters are presented in Table .26© The numbers listed refer to the

cases diagrammed earlier in Figunei?&; letter codes explain variations

observed during the analysis.

For all practical purposes, concentrations of these elements were inde-
pendent of flow; nog§ab1e exceptions were calcium and sodium in the Partridge

River at P-1 and calcium in the St. Louis System where distinct, partial

dilutional effects were observed.




+First flush phenomena were common across the region. These occyr when
. h\",o’\}\/\\’f
~ flood waves (from spring runoff or storm events). in neariné’down channels,

push more highly mineralized water already in the channels ahead of them.

The distinct di]utionggzeffects noted in the Partridge and St. Louis rivers
illystrate well the inter-relationship between atmosphere and watershed
sources of material. As é]ready noted, the concentration of major cations
and anions in these two systems were significantly higher than any other
area, except Unnamed Creek. “;guﬁiﬁxé rundff and storm events, the mass
contribution via the atmosphere was small compared to that already in the
watershed from natural and anthropogenic sources, so the net observed-
effect was dilution by the event water. In the other watersheds where

metal concentrations were not so large, the influence of atmospheéﬁ’%ﬁ%gg;gb

. was greater, and in fact was the dominant process in determining the

observed water quality.

In two fnstances (for potassium at Isabella and sodium at Kawishiwi, K-5)
" there were indications fhat concentrations were increasing with flow.

This would be expected in watersheds subject to accelerated weathering

processed, or possessing widespread nonpoint sources of materials. It

is mot possfble at this time to identify the precise mechanisms that were

operating in the Isabella and South Kawishiwi rivers. In any case, the

variations were slight, and atmospheric processes were still seen to be

the dominant ones.

Watershed Mass Export

X
Fﬁgawé;%? presents bar diagrams for watershed mass export rates for calcium,

«Q&&£;>§xﬂw s6diwn, and chloride. As described earlier these diagrams

-

0>



provide an additional way to visualize air-water interactions. Primarily,
the Dunka, Partridge, and St. Louis river‘systems exported more material
per unit _)\>amisq area than the other watersheds. Internal watershed
sources of calcium andimagnesium were noted throughout the region; on the
other hand, watershed retention of sodium and chloride were indicated by

-all watersheds except the St. Louis and Dunka.

BUFFERING PARAMETER

The parameters of primary concern were lake and stream pH, alkalinity,

and sulfate.

Parameter Correlations

prs7 2 ‘
Table 2T 1ists those linear correlations found to be significant at the

95 percent level or greater (p<0.05).

Alkalinity, defined as the capacity of a solution to neutralize acid, is
predominantly due to the presence of anions or molecular species of weak
gcids which ére ﬁot fully dissociated above pH 4.5 (Hem 1970). Under most
conditions encountered in aquatic environments, these dissolved species
.are bicarbonate and carbonate iqns, although, theoretically, any ion that
regcts with strong aid can contribute to alkalinity. Figure:25‘il1ustrates
the pH-alkalinfty relationship demonstrated by the alkalinity-bicarbonate
corvelation. As bicarbonate is an inorganic carbon containing compound, it
was not surprising to find dissolved inorganic carbon (DIC) correlated

with aTkalinity.



In addition to the expected correlations with the buffering related
parameters (alkalinity, calcium, bicarbonate), pH was also associated with

a variety of metals, especially in lakes.

Spatial Variability

.

¢
A review of the Suwawrswn statistics and the application of analyses of

variance produced the same spatial groupings of stream stations as discussed
23

in the preceding section. Table 22 presents the Tevels of significance of

group differences. The stations exhibiting the highest pH values and

greatest buffering capacity were BB-1, SL-1, and P-1.

Comparisons made across the region to ascertain spatial differences in
data variability prdduced these general findings:

1) Stations having the higher pH, alkalinity, sulfate, and bicarbonate
values did not necessarily exhibit greater data variability.

2) Headwater areas could not be distinguished from downstream areas on
the basis of data variability. '

Thé analysis of variance techniques used ébove are helpful for determining
statistical differehces between groups‘on a univariate basis. To assess
group differences and Variabi]ity on a mu]tivariate‘basis, discriminant
analysis was emp]oyed. The results using sulfate, pH, and alkalinity as
the discriminating variables are given below:

PREDICTED GROUPING
A B c

A 89% 7% 4%
ACTUAL 9 9 9
GROUPING B 18% 48% 34%
C 0% 6% 94%



These results clearly indicate fhat the stream stations in Groups A and

C are well classified, and do indeed behave as two distinct groups with
respect to the three parameters. The stream stations in Group B, on the
other hand, are less defiqggb]e as a group; at times some stations appear
more like those in Group C; and at other times they appear more Tike

" Group A stations. The stream station that exhibited the greatest variability

in temporal grouping was D-1, followed by E-1.

Analysis of variance generally delineated the following relative relation-

ships between lakes for pH, alkalinity, bicarbonate, dissolved inorganic

carbon, and sulfate:

pH: Tofte>most others>Seven Beaver

Alkalinity: Tofte, Wynne>most others>Greenwood
Bicarbonate: Tofte, Wynne>most others>Perch, Turtle
DIC: Tofte>most others>Clearwater

Sulfate: Colby>Wynne, Birch>most others>Slate, Bear Island

Little more can be said about spatial variability of these paraﬁeters in

lakes beyond these relative relationships.

The lowest pH values measured were 4.7 and 4.8 at Filson Creek and Keeley
Creek, respectively, and occurred during February, 1977. At the time of
sampling, flows in the streams were minimal due %o drought and freezing -
>conditions. When faced with Tow flow conditions the samb]ing team was
instructed to take measurements and samples of Qhatever water was present,

but to note well the sampling conditions. In the two cases above,
measurements were made of what appeared to. be small amounts of meltwater,
surrounded by ice; the waters were not flowing. Therefore, these measurements

were more a representation of precipitation pH than of ambient stream pH.



This eXamp1e illustrates a significant point about the ability of é
watershed under winter conditions to store chemical constituents which,
with melting, %&ﬁh be released as a s1dg. So even though
the median pH values in Filson and Keeley creeks were 6.1 and 6.2,
respectively,.it is possible for sudden pH reductions to occur at runoff
periods, possessing a short-term stress on thé system. This is similar

to the first flush phenomena discussed earlier.

In reviewing the stream summary statistics for pH, it was seen that head-
water areas of given streams had lower median pH values than their mouths.
Examples are the St. Louis River with median pH's of 6.6, 7.2, and 7.6
at SL-3, SL-2, and SL-1, respectively; and the Stony River with median
pH's of 6.7, 6.8, 7.0, 7.2, and 7.2 for SR-5 through SR-1, respéctive]y.
The significances of these differenées 1ies in the fact that for every

0.3 unit drop in pH, hydrogen jon concentration doub]es.

Temporal variability in lake pH is linked to biological activity in the
lakes. Values are at a maximuﬁ in productive lakes during peak phyto-
plankton growth periods (mid to late summer) and are at their minimum
during the winfer. The pH maxima are dﬁe to photosynthetic utilization
of carbon dioxide in the water with resulting reduction the amount of

weak acids that would otherwise'be formed.

Flow Dependency

The results of flow dependency analysis for alkalinity and sulfate are

- 2
presented in Table 237



For the majority of the region complex, yet distinct, dilutional effects

were observed for alkalinity. The degree of dilution, however, suggested

that some alkalinity was being contributed by the atmosphere in addition

to that provided by the watershed. For Shagawa, Bear Island, and the

Kawishiwi at K-6 and K-7, watershed contribution of alkalinity was not
AOsAS ™

observed and the atmosphere appeared the only!source. In these areas

concentrations were constant over time for all practical purposes.

Flow dependency of sulfate was dominated by atmospheric processes in the
northern and eastern portions of the region. In Filson, Dunka, Partridge,
Bear Island, and St. Louis rivers dilutional effects were observed, indi-
cating watershed sources of sulfate, in addition to that being provided

via the atmosphere.

Watershed Mass Export

25

Figure 26 presents bar diagrams for watershed mass export rates for

alkalinity and sulfate air-water interactions, and the presence or absence

of watershed sources of material are indicated.

Filson Creek, followed closely by Bear Island and Partridge, had the Towest
alkalinity export rate, indicating that it is the least buffered. The

St. Louis Watershed with an alkalinity export rate of 70 kg/ha/yr was

the best buffered. Without atmospheric loading data, however, it is not
possible to comment on the relative significance.of atmospheric versus

watershed sources of alkalinity.

Definite spatial groups are clearly indicated in sulfate export. Partridge,

St. Louis, and Dunka exported far more sulfate per unit area than was



deposited from atmospheric sources, adding considerable strength to the
conclusion that alternations in the natural state of watersheds accelerate
mass export. The data suggest that su]fidé bearing rock have been exposed
to okidative processes through excavatggi'activities with subsequent release
of sulfate to the aquatic environment. In the other watersheds the export
rate was nearly equal to the atmospheric loading rate; there were no
jndications of sulfate release from internal watershed sources. In fact
there may have been some sulfate retention by the watersheds, but given the

analytical variability of sulfate determinations the validity of this

observation is uncertain.

Calcite Saturation Index

Calcite saturation indices (CSI) were calculated for all study lakes. The
index provides a measure of a lakes ability to assimilate hydrogen ions

(Conroy et al. 1974). The formula is:
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Lakes with an index less than 3.0 are considered well buffered; lakes with
an index between 3.0 and 5.0 are poorly buffered with the suggestion that
acidification may already be occurring; an index over 5.0 indicates lakes
with little or no buffering ability and it is likely that severe acidifi-
cation has already occurred. The CSI's for the 26 study lakes are given
in Tab]ez%ﬁ?. Tofte Lake is seen to be nearly saturated with respect to
calcium carbonate,and, therefore, very well buffered. The poorly buffered

lakes are, with one exception, all headwater lakes. This can be explained



by remembering that buffering is a function not only of atmospheric
processes, but also of watershed geology. Headwater lakes, such as
Greenwood, have smaller drainage areas than downstream Takes, such as Bifch.
The chgmig;ry‘wahgquqﬁgr"1akes, thgreforg, qften‘ref]ects that of

precipitation, with watershed contributions to lake chemistry assuming

- B S

-

secondary imporé&hce. To be sure there are exceptions to this; Tofte Lake
is a prime example. In general though, it was observed that as one pro-
ceeded from headwater to dbwnstream lakes, the ability of the Takes to
assimilate hydrogen jons improved. This trend was better defined after
CSI's were calculated for an additional 30 lakes located in the Boundary
Waters Canoe Area (BWCA). Data on the lakes were obtained from the u.s.
Forest Service (USFS) in Duluth; results are presented in Tab1e.§§f Fifty
percent of the lakes were found to be poorly buffered, and with few
exceptions they represented headwater lakes. By comparison, all of the
well-buffered lakes were downstream lakes. From this analysis it can be

concluded that the headwater areas of the region are not generally well-

buffered and would have limited abilities to assimilate additional acid

loading.

NUTRIENT PARAMETERS

" The parameters of primary concern were lake and stream phosphorus and

total nitrogen.

Parameter Correlations

| 27
Table 26 1ists those linear correlations found to be significant at the

95 percent level or greater (p20.05).



The availability of nutrients, particularly phosphorus, in lakes is a
prime factor influencing eutrophic processes in general, and phytoplankton
productivity in particular. Because of this the correlations between
total phosphorus, bioproductivity, and lake trophic state were studied in
greater detail, ' These
equations are useful because they allow estimates of productivity and
trophic state to be derived from relatively easily obtained physical and
chemical data. Figure?ET presents the relationship between median total

phosphorus and summer (1976) lake chlorophyll & concentrations.

Chlorophyll a is a direct measure of primary productivity; the summer
values were chosen for the regression because productivity is at its

maximum‘then. Chlorophyll a determinations, however, are subject to wide

“variability. This is due in part to the distinct yet complex series of

algal bloams, involving the three major phytoplanktonic families
(Diatomaceae, Chlorophyceae, and Cyanophyceae), that occur in lakes from
early to late summer.

=%

Also contributing to the scatter in Figure .27 is the fact that the number
of phosphorus data points ranged from only 2 to 6 per lake. Despite these
limitations, a clear relationship is indicated. Attempts to relate median
total phosphorus to phytoplankton cell gggjﬁg_and standard units were not

successful.




Two stronger, and more useful, relationships were found when summer
chlorophyll a and median total phosphorus were each regressed against the
inverse median secchi disk value. These are presented in Figure .28 and
?S%; respectively. Secchi disk values,which are a measure of water
transparency, are eaéy.to obtain, and when used in conjunction with the
regression equations given yield reasonably good estimates of the other
two parameters. Of particular interest in Figure 2% are the four lakes
that do not fit the relationship. These lakes were among the most colored
of those studied, and they illustrate well a major limitation to using
secchi disk readings to estimate primary productivity. In highly colored
waters there is a tendency for Eroductivity estimates to be underestimated.
Similarly, it is seén in Figurefzé that in particularly transparent waters
_secchi disk readings can lead to an overestimation of phosphorus Tevels,
although the deviations from linearity are not as great. Therefore, while
one can certainly conclude fhat distinct and useful associations exist
between these three parameters, it is also important to recognize the
1iﬁitations of the associations and that iﬁ particu1ar; these are tendencies
for the associations to weaken in very colored and very transparent waters.
For additional discussion of the inter-relationships of these barameters,

e

the reader is referred to _Jj>ﬁ:iw?; Pogorn %23, Nalead) mel e El
Swwa  (BES a3,

An attempt was made to relate median total phosphorus values to _vernal

total phosphorus values, as the 1atterQ;:Loften used as the best estimate

of available phosphorus for the upcoming phytoplankton growing season.
Unfortunately, there were few vernal phosphorus data available; from the 13
data points that were used, it appeared that median total phosphorus
concentration was 70 percent of the vernal phdsphorus value. The variability

associated with this relationship, however, was ¥20%, thereby limiting

its usefulness.



Spatial Variability

A review of the cumseosw Statistics produced spatial groupings of stream

standards that corresponded to Groups A, B, and C discussed earlier.
Z
Tab]e.zghpresents the Tevels of significance of group differences as a

result of analysis of variance.

ebidmed
Although the greatest simgte phosphorus values were observed at BB-1

(2100 ug/2) and E-1 (413 ug/2), in general the Group C stations had higher
overall phosphorus values. The greatest single total nitrogen value was
observed at D-1 (14.0 mg/%2). The tendency for Group A and B stations to
have significantly higher nitrogen values may be explained in part by the
use of explosives, consisting of a fertilizer-kerosene mixture, by the
taconite industry. Nitrogenous residues are known to exist following

' explosions, thereby contributing to nonpoint source runoff of this nutrient.

Comparisons made across the region to ascertain spatial differences in

data variability found that:

1) Phosphorus values were more variable than nitrogen values.

2) No clear trends existed between headwater and downstream stations.

3) No clear tieﬁds existed between small watersheds and large watersheds.

4) While observed, it was not consistantly found that stations with IR
mean concentrations exhibited greater variability. -

A multivariate assessment, through discriminant analysis, of how distinct

Groups A, B, and C were from each other revealed that discrimination

between groups was rather weak; see below:

PREDICTED GROUPING
A B C
ACTUAL A 52% 11%  37%

GROUPING B 15%  43%  42%
C 19% 8%  73%



The discriminating variables used were total phosphorus Xk “5fcb%§“~,¥L%L@iJLQ“
N, NBE Y, Qs Aeddesd  praspe aved reshitiulie e
What this aha]ysis shows is fhat while significant univariate group
differences may exist (as shown in Table23), these differences become
Tess clear when asseséments are made in terms of multiple nutrient
parameters. The Shagawa system would be better placed in Group A rather
than Group C; systems exhibiting high variability were Filson, Dunka,

and Embarrass; These results could have beén anticipated by a review of
the univariate analysis of variance (Table-zg%; In that analysis Group C
was shown to have significantly higher concentrations of total phosphorus
yet significantly lower concentrations of total nitrogen than Groups A

and B. It is easy to understand, then, why group differences would weaken

when considered by*a classification function that purposefully employs

multiple variables,

Analysis of variance of the lake data indicated no relative spatial
" distinctions between lakes for total nitrogen and phosphorus; temporal

variability in nutrient levels probably accounted for this.

Flow Dependency

. Tab]e?gé’presents the results of flow dependency analysis for total
nitrogen and total phosphorus. The relationships of concentration to
flow were quite straightforward; for all practical purposes nitrogen and
phosphorus concentrations were independent of flow, implying atmospheric
dominance of the relationship. The only unusual observation was for

nitrogen in the Dunka Watershed.



In a p]of of concentration versus flow, two distinct data distributions,
representing two_different concentration levels were observed; the slopes
of the lines through each distribution, however, were equal. The higher
concentrations (1.9 mg/%) océurred during the winter of 1976-1977 and
during the drought period of 1977; the low concentrations'(l.o mg/2)
represented periods of runoff, storm events, and average baseflow during
1976 and 1977. While Flow independence was still suggested by each distri-
bution, this circumstance does provide an illustration of the complications

that can arrive when trying to deduce general flow relationships over all

conditions in dynamic systems.

Watershed Mass Export
29

Figure.30 presents a bar diagram for watershed mass export rates of

phosphorus. Watershed retention. of phosphorus is inXitiﬁii; the regional

rate of 0.04 kg/ha/yr is what is expected for forested, igneous basins

Ty ikee el (ﬁﬁg%tx 65{%3{3 ]

Trophic State Indices

_ Trophic state indices (TSI) using total phosphorus and secchi disk values
were calculated for the study lakes according to the equations developed

" by Carlson (1977):

TSI (SD) = 10 (6 - T230)
48

In =

TSI (TP) = 10 (6 - 7—o



As a guide, for given index values, lakes can be categorized as follows:

CATEGORY INDEX
Oligotrophic 20 t 5
01igo-Mesotrophic 305
Mesotrophic ' 40t5
Meso-Eutrophic 50 £ 5
. Eutrophic 60 £ 5

4,0
The results for the 26 study lakes are presented in Table 29. By the

definitions given above, seven of twenty-six can be considered eutrophic;
and additional siXteén can be considered meso-eutrophic. The 1ea§§
pfoductive lake was Tofte; the most productive was South McDougal. The
eutrophic lakes were all headwater lakes and for the most part were shallow

and surrounded by extensive bog and marsh areas.

Theoretically, the index values calculated by using phosphorus and secchi
disk data should be equal. This is not the case for most of thedakes

and is due in large part to the tendency of the secchi disk index to be
biased high and Tow for highly colored and highly transparent lakes,
rexpectivély. Examples of this can be seen with Clearwater (highly trans-

parent) and Seven Beaver (highly colored).

. Nitrogen:Phosphorus Ratios

Nitrogen:Phosphorus ratios can be used to eva]&ate Jake nutrient limitations.
Lakes with N:P ratios 214 are phosphorus limited; ratios <14 indicate
nitrogen limitation. In general, only highly eutrophic lakes exhibit
ﬁitrogen limitation. For the 26 study lakes the median ratios ranged from
14 to 60; 50 percent of the lakes had median N:P ratios greater than 25.
The lakes approaching nitrogen Timitation were Fall, Greenwood, One, and

Long; the most phosphorus 1imited lake was Colby.



METALS

Parameter Correlations

Correlations found to be significant in lakes and streams at a 95 percent

level or greater (p<0.05) for copper, nickel, cadmium, zinc, lead, and iron

Al
are presented in Table 30. Several relationships warrant particular note:

1) Lower pH levels were associated with higher copper concentrations.

2) Increased copper concentrations were accompanied by increased nickel
concentrations.

3) The patterns of occurrences of the toxic trace metals--cadmium, lead,
and mercury--were directly related.

4) 1Iron was directly éssociated with color, but inversely related to
dissolved oxygen. :

5) Suspended and dissolved solids were consistently associated with trace
metals in lakes.

6) In general, many more parameter correlations were observed in lakes
rather than streams; this may be due to the function of lakes as chemical
sinks, and to the fact that water quality in lakes was less variable than
- stream water quality. .

Spatial Variability

Vo

Figure 3% presents median major and trace metal concentrations, expressed

as umgles/z, for the individual stream stations,
The diagrams 1ﬂh‘ff\xf2 spatial differences not only in terms of
total metal, but also in terms of the relative proportions of the individual

elements.

The results of univariate analysis of variance to test the significance of
32
univariate group differences are presented in Table 2T. The groups




correspond to those previously referred to as A (P-1, SL-1, BB-1), B

{D~-1, E-1, P-2), and C (all others). Of particular interest was the group
relatiqpships for iron. For most other parameters Group A stations were
significantly higher; in the case of iron, these stations were among the
lowest despite the occurrence of taconite operations in the watersheds.
Mass transport distance, the existence of upstream lakes operating as

sinks and f¥\ﬁ$X@“Q conditions resulting in the precipitation of ferric
iron were all important factors in determining observed iron concentrations
in downstream portions of watersheds. As already discussed, the St. Louis
system's water chemistry is dominated by the Partridge River watershed.

P-2 represented the Partridge River at its inf]ow to Colby Lake, while P-1
represented the river immediately downstream from the Take. Since P-2

had significantly greater iron concentrations than P-1 (p<0.005) this

~ suggests that Colby Lake is an efficient sink for iron. That mass transport
distance is also an important factor can be demonstrated in the Unnamed
Creek watershed. Iron concentrations as high as 1.9 mg/& were observed
in‘wate} seeping from taconite waste rock stockpiles (EM-8) located in the
headwaters of the watershed. By contrast, the maximum iron concentration
observed at BB-1, the outflow point of the watershed,was only 0.4 mg/l; the
approximate distance from EM-8 to BB-1 is 3.3 km. Finally, iron concen-
trations were shown to be inversely related to the dissolved oxygen content

=\
of the water (Table 30).

22

A noteable exception to the stated stream groupings in Table .31 involved
copper at Filson Creek (F-1). This station had significantly higher
concentrations than any other stream site. Sekarvs L.

QVJ)“W\&\ D \Qk\.\x~“w€‘_/ (S RN UXJ. Cou s . \Q,A-/\jt

)
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Comparisons were made.across the region to delineate spatial differences
in data variability. There were no apparent trends in variability based
either on watershed size or relative concentration. Some parameters, such
as zinc and cadmium, were more variable than others, such as copper and

nickel, but this is more a function of analytical conditions rather than

natural variability.

Discriminant analysis verified group classifications, but also indicated
that substantial variability within and between groups existed. Stream
sites exhibiting the greatest degree of group variability were D-1, P-1,

SL-1, P-3, and E-2.

The relative concentration relationships between Tlakes for six metals,

determined by analysis of variance, are given below:

Copper: Colby>most others>Triangle, Long,‘Turtle

Nickel: no distinct groupings

Cadmium: no distinct groupings

Ziﬁc: Clearwater>most others>Tofte, Bear Island, Bearhead, Triangle

Lead: Greenwood, So. McDougal>most others>Triangle

Iron: Seven Beaver, So. McDougal>most others>Tofte, Clearwater, Triangle

Flow Dependency

The results of flow dependency analyses are presented in Table -325 numbers
-

refer to cases illustrated earlier (Eigure fén.



Although nearly all metal concentrations were independent of flow, the
analysis revealed that both first flush, and, to a lesser degree, accelerated
watershed washoff, were not uncommon occurrencés. In four instances mass
increased with flow at a rate greater than would be expected on the basis

of atmospheric inputs-alone. These _yrak zinc in the Kawishiwi River

at K-5 and K-6, and lead in the Kawishiwi River at K-6 and in the Isabella
River. These observations, especially those for lead, are unuégg‘and

at present lack adequate explanation.

Watershed Mass Export

Bar diagrams for watershed mass export compared to atmospheric mass input
are presented in Figure 3% for iron, aluminum, copper, nickel, cadmium,
zinc, lead, and arsenic. . ﬁﬁ%ere were only two
indications of other than atmospheric controls of the export processes.

These occurred for copper in the Filson Creek and Dunka River watersheds.

The lack of similar
gccurrences for the St. Louis or Partridge are likely due to copper retention

by Colby Lake.

. ol
The lack of adequate atmospheric loading data for iron and aluminum prevents ~

an assessment of the significance of atmospheric contributions of the
elements to the watersheds. The greatest export rate for both elements
was observed in Filson Creek. Iron rates across the region were more
variable than those for aluminum. This observation is nof unexpected in

Tight of the taconite operations occurring in selected watersheds, weH o il



the already discussed complex transport processes for iron; aluminum has
not been shown to have distinct spatial trends-in the region, so it is

Togical to expect little variability in export rates.

Copper:Nickel Ratios -

‘Copper:nicke]‘ratios can be used to evaluate the sources of the elements

and their relative behavior in aquatic systems under a variety of conditions.
Under natural conditions elemental ratios in water would not be expected

to change greatly. In undisturbed areas where water chemistry 1is ;%Vyii\gg%i
deviated by atmospheric processes, elemental ratios often reflect those in
precipitation. where weathering processes<;;¥fmportant, ratios can 1nd1c§te
selective release ratﬁgz. Finally, when two elements have dffféreﬁf.” -
chemistries, such as copper and nickéL ratios can identify se]ectiy¢éyptake

and deposition processes, especially at environmental interfaces (i.e. water-

sediment).

Copper:nickel ratios in streams ranged from .00 to .5, with the

median being 1.} . In general, the median value represents undisturbed,

forested portions of the watersheds. Where substantial industrial or

cultural disturbances have occurred, the ratios have decreased Aok

to selective increases in nickel. This is no better illustrated than in

Unnamed Creek where the median ratio was 2.03.

Qma\ C,(’,«‘C‘(“ ’Gf.‘:;i,. 5 &\\) ¢ 3(;-1,.':&:1
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A special study was undertaken to evaluate the ability of chemical

(“
constituents in lake waters to form complexes with copper. This had particular

significance to bio]oQica] systems, for copper is a well known acute and

chronic toxicant.



The analytical technique used was a modification of that originally developed
by Chau ef_al. (1974). Details on the methodology can be found in the
Complexing Capacity Technical Report. The results of the study are

" summarized below.

The twenty-six study lakes were sampled for complexing capacity between
June 14, 1976, and March 1, 1977. Those designated "primary" were
sampled in late June, late August, mid-October, and late February; those

designated "survey" were sampled in July and October.

Multiple regression analysis was used to attempt to relate the observed
changes in complexing capacity to changes observed in other water quality
parameters. In this way it was hoped to develop a simple predictive top]
for determining complexing capacity. A large number of parameters repre-
senting various physical and chemical characteristics were considered as
independent variables; complexing capacity was, of course, the dependent
variable. Morphometric characteristics included: drainage area, surface
area, volume, mean depth, flushing rate, and the ratio of drainage area to
surface area. Other parameters investigated were: total orgénic carbon
(TOC), color, pH, specific conductivity, water temperature, dissolved

organic carbon (DOC), and secchi disk.

Due to the large number independent variables considered, two guidelines
were adhered to during the model building. First,no model was to include
two parameters that measured essentially the same characteristic. For
example, no model was to include both TOC and DOC, or both color and secchi

disk. Second, no model was to include more than five independent variables.



The results of the complexing capacity determinations showed definite
temporal variability; minimums occurred in early summer and ma X imums
occurred during the fall. Between lake variability at any given time was

great, however.

No model could be developed that adequately described all Takes at all
times. Analysis, therefore, concentrated on individual sampling periods,
beginning first with the headwater lakes where associations would be

strongest.
Modeling was most successful for the early summer period. The model ds:

€C = -1.87 + 0.052(T0C) + 0.007(color) + 0.345(pH)
&
where CC = complexing capacity, q\mg]es Cu/1

TOC is in mg/1
Color is in pt-co units

The r2 value is 0.90 of the three independent variables$ colorg and TOC
were the more important. The correlation between complexing capacity and
TOC was 0.85 and was 0.79 between complexing capacity and color. There
was also evidence of significant correlations between complexing capacity
and drainage area (r = 0.68), flushing rate (r = 0.64), and mean depth

(r = =0.65). However, correlations between these parameters and TOC and
color are rather strong, and they do not make significant contributions to
the model after TOC and color have been included. On the other hand, pH
had a much weaker association with complexing capacity than TOC and color,
but it also is relatively independent of them. Therefore, in the model it

accounts for a portion of the variance that TOC and color do not.



When downstream lakes were included in the analysis, the fo]]oﬁing model

was developed:

¢C = -1.95 + 0.058(T0C) + 0.006(color) + 0.360(pH)
r¢=0.78

Note that the regression coefficients in this model are nearly identical to
those in the model for headwater lakes. The relationships between complexing
capacity, TOC, and color for all lakes during early summer are presented

o . B Ly
in Figures td, %= and - ! .

i
B

These relationships did not~ho1d for thé fall and winter sampling periods,
and adequate models could not be developed. However, it was po;sib1e to
model the magnitude of change from the maximum in the fall to the minimum
in the summer. In general, lakes with the lower complexing capacity values

in the summer exhibited the greatér increase by fall. The model is:

Change in CC = 2.24 - 0.76(summer cc)

r2 = 0.76
(st Fewd 950
This change was found to be associated with changes in TOC and color.

The model expressing this is:

Change in CC = 1.87 - 0.096(TOC change) + 0.032{color change)
r? = 0.78




WATER QUALITY RESEARCH AREA COMPARED TO OTHER REGIONS

The literaturé was reviewed and data were compiled on the concentrations of
buffering, nutrient, and metal parameters in other parts of.the world. The
results are presented in Appendixgg; although the review was not comprehensive
it did allow Cu-Ni geherated data to be put into perspective. These are

Tisted and commented on below.

1) In general, the waters of northeastern Minnesota are dilute.

This observation was not unexpected for two reasons. First, igneous basins,
such as, those in northeastern Minnesota, are characterized by hard, rela-
tively ;nsolub1e rock. Weathering processes would be slow and mass
contributions by the basin itself would be expected to be Tow. _In these
cases surface water chemistry is often highly related to precipitation
chemistry. Second, anthropogenic sources of pollution and general watershed
disturbances in the region are limited; the effects of those that do exist
are more localized than regional. As was noted earlier, those watersheds
exhibiting the greater concentrations of chemical constituents were, in
nearly every case, those subjected to anthropogenic manipulations (mining,
residential areas). By comparison, concentrations of most parameters in
other regions (noted in Appendixé%) where basins were of more sedimentary
nature and where cultural influences are more prevalent were substantially
elevated. A notable exception was iron. Concentrations in northeastern
Minnesota were higher thah many of the other areas reviewed, reflecting,

presumably, the presence of taconite deposits and mining activities.

Armstrong and Shindler (1971) 1ist other dilute surface water areas. These
include northern Ontario, the Adirondack Mountains in New York, New England,
Chile and Argentina, Western Ireland and portions of Scotland, England, the

USSR, Swedén, and Kenya.



2) Cu-Ni generated data are consistent with those recently generated for

the area by other agencies.

Water quality data for northeastern Minnesota have been gafhered by the

U.S; Forest Service, Minnesota Pollution Control Agency, the U.S. Environmental
Protection Agency, and the U.S. Geological Survey. In most cases data are

for sites other than those sampled for this study; the data base is also less
than that of the Cu-Ni Study. However, the data from all sources were seen

to be in general agreement.

Some data sets were more variable than others, but in general median or

mean values were comparable. This is encouraging for it enhances the overall
confidence in the Cu-Ni data base and supports the conclusion that obser-
vations reported for fhe Water Quality Research Area were representative

of northeastern Minnesota as a who]e.

3) The water quality of northeastern Minnesota is comparable to other

portions of the Canadian Shield.

The Canadian Shield is a 1.8 million square mile region of Precambrian rock.
Most of this bedrock lies fn Canada, but it also extends into northeastern
Minnesota, northern Wisconsin, and the upper penninsula of Michigan. A
review of data generated in canada on the northern portions of the Canadian
Shield showed general agreement with Cu-Ni data. This was particularly
true for pH, phosphorus, and the major cations and aaiohs. On the other
hand, medium iron and sulfate concentrations in the Cu-Ni area were higher
than Canadian portions of the shield; this was due to the inclusion of
data from mining areas in the Cu-Ni data set. If these data are deleted,
agreement between the two portions of the Shield improves. The major

reference was Armstrong and Shindler (1971).



4) Within Minnesota the trend is for increasing concentrations of nearly

all constituents as gN\€ 'travels from northeast to southwest.

This trend is clearly evident in the data reported in Appendix 83 many of
the reasons for this have already been mentioned. In summary, they are

related to:

-increased urbanization in the southern bortions of the state, resulting
in greater contributions of such chemicals as trace metals and

nutrients to surface waters via point and nonpoint sources.

-increased agricultural activity in the southern areas accounting for
increased sediment, nitrogen, and phosphorus levels in surface waters

from nonpoint sources.

-the existence of more sedimentary drainage basins in the southwest
rather than igneous. Shield basins in the ﬁortheast resulting in

overall increased weathering of mass from the former basins.
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APPENDIX A

SURFACE WATER QUALITY MONITORING PROGRAM
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Appendix A.2 Stream Water Quality

Station Drawings
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Appendix A.4 LAKE S

AMPLING STATION IDENTIFICATION

LAKE SAMPLING Cu-Ni USGS 1D STATE ID#
STATIONS SYMBOL LATITUDE—LONGITUDE (DNR)
Primary lakes

Birch 1 LBH-1 474657091455801 69301
Birch 2 LBH-2 474427091480202 69302
Birch 3 LBH-3 474408091521803 69303
Birch & LBH-4 474409091544504 69304
Gabbro 1 1.60-1 475122091355901 3870101
Gabbro 2 1G0-2 475043091345002 3870102
White Iron 1 IWI-1 475329091464201 69401
White Iron 2 LWI-2 475118091485002 69402
Colby 1 LCY-1 473134092094501 " 6924901
Colby 2 LCY-2 473150092081602 6924902
Seven Beaver 1 1LSB-1 473007091492101 69201
Seven Beaver 2 SLB-2 472954091475802 69202
August 1 LA-1 474545091361501 3869101
August 2 LA-2 474543091364902 3869102
Whiteface Res 1 IWF-1 471930092084501 6937501



Appendix A.4.

(Contd.)

LAKE SAMPLING Cu-Ni UsGS ID
STATIONS SYMBOL LATITUDE—}ONGITUDE.
Survey lLakes
Tofte LTF-1 475755091342001
Triangle LTC-1 475624091332701
Clearwater LCW-1 47524009i310601
One 10-1 475507091293301
Fall LF-1 475649091443201
Turtle LTL-1 475113091331301
Greenwood 1GD-2 473039091382602
Sand LSD-1 473455091402001
Slate 1ST-1 474146091372901
South McDougal 1.SM~1 473655091331601
Bass LBS-1 475737091511801
Bear Island LEI—l 474634091573001
Bear Island 1LBI-2 474624091594402
Perch LPH-1 474542091545501
Bearhead LBD-1 474648092051201
Pine 1LPN-1 472730091474001
Long L1-1 472749091511701
Big LBG-1 473151091511701
Wynne w-1 473313092164801
Cloquet 1CT-1 472611091291901

Underlined stations sampled in 1977.

STATE ID#
(DNR)

3872401
3871501
3863801
3860501
3881101
3870401
3865602
3873501
3866601
3865901
696301
6911501
6911502
695801
6925401
69101
694401
695001

6943401

3853901



Appendix A.5. Field Procedures and Handling

Field Procedures

Lake and stream sampling‘was carried out by staff»stationed in Ely. Two people
took
goke field measurements, processed samples in the field laboratory. and prepared

samples for shipmente They also maintained and calibrated field and lab equip-

ment and carried out the routine quality assurance procedures.

Most stream sampling stations were accessable by automobile (Appendices A.l.
and A.2.), although some required a short walk, or the use of a canoe or snowmo~

bile. Two stations in the BWCA were reached by U.S. Forest Service planes.

Lake samples were taken from a 14-foot aluminum fishing boat powered by 2 10
horsepover outboard motor, & 17-foot aluminum square sterm canoe with a 4 horse-~
power motor, or from the pontoon of a U.S. Forest Service float plane. A boat

and motor were borrowed from the EPA Shagawa Lake Project in Ely on a few

occasionss

Sample bottles were labeled the day before use- U.S.G.S. bottles were labeled
with station location, date, time, and bottle designation. Minnesota Department
of Health (MDH) bottles were labeled with the Copper-Nickel station symbol,
date, and time. U.S.G.S. bottles were teflon, glass, OTF polypropylene. The
teflon and glass bottles were cleaned and reused, and the polypropylene bottles
were disposed of after one use. All MDH bottles Qere glass or high density

polypropylene; both were cleaned and reused.

Stream Field Procedures

A chest type cooler was picked up at the U.S. Forest Service office in Ely. All
other bottles, snstruments, and gsampling equipment were already in the vehicle.
Sampling equipment and bottles were carried in two rigid plastic backpacks worn

by the samplers.



At each station the sampling procedure was as follows:

1) One person (sampler) put on waders and gloves while the other person
(recorder) organized preservatives and wrote the date and time on bottles.
During winter months samples were taken through natural openings in the ice if
possible. 1f a natural opening did not exist, an ice chisel was used to cut a
hole, and a plastic strainer was used to remove the ice chips from the hole.
Samples were taken below the surface of the ice.

2) Sampler waded into the stream with conductivity bridge, conductivity cell,
and thermometer; and facing upstream took the measurementse.

3) Recorder calibrated the pH meter and handed this nder to the sampler to
determine pH. ‘

iOTwo samples were taken for Winkler analysis of dissolved oxygen. A clear

plastic cylinder with large rubber stoppers to close each end was used to take

thesg samples. One stopper Wwas holed and fitted with a rubber hose. The sample
was @ by removing the stoppers, immersing the sampler vertically, turning it
horizontally to allow the water to run through cylinder to eliminate all
bubbles. The stoppers Were inserted and the sampler carried ashore. The end of
the hose was inserted inlo the boffom of the DO bottle, the top stopper loosened,
and the bottle allowed to £i11 to overflowing. Samples were fixed with Hach
dry chemicals supplied premeasured in plastic "pillows".

54) Sample bottles were then filled byttzmpler,who faced upstream and sampled

the main part of the current. Most bottles were rinsed three times before the

sample was taken. Bottles were immersed neck down into the stream, then turned
upward to fill, brought out of the water, and capped. U.S.G.S. teflon bottles
for trace metals were uncapped; filled, and recapped all under water. MDH
bottles for the total trace metal samples (high density polypropylene) were
rinsed three times and uncapped and recapped- above the surface.

b3) Preservatives were added to the bottles as required (U.5.G.5. trace metal
samples were preserved under hood at field lab). Both U.S.G.S. and MDH supplied
all preservatives used in their respective samples. U.S.G.S. preservatives were
contained in sealed glass ampules; and MDH preservatives were supplied in small
polyethyleune bottles. Parafilm was used to seal the space between the MDH

bottle neck and cape

34) A change from lab to in-field filtration of trace metals was initiated when
responsibility for analysis was transferred from . 0565 o MDH. The procedure

used was as follows:

a) An assembled and cleaned aseptic filtration unit (filter holder with
swinex top and receiving flask) with bottle in place was supplied by MDH
in a plastic bag. The cap for the bottle was supplied in a separate

plastic bag.

b) Filtration apparatus was placed into plastic holder on the end of an
L-shaped piece of plastic pipe and locked bayonet stylee A hand pump
was connected to the unit with a five-foot piece of plastic tubing.

¢) The apparatus and holder were immersed in the stream and vacuum applied
with the pump. The bottle was filled about four-fifths full and vacuum
released before removing the apparatus from the stream.

d) The apparatus was removed from the holder and the Swinex top removed.

The HNO, preservative was added to the sample, the cap screwed on the
e 1t tmeaa nf the unit.



e) The dissolved metals bottle was labeled and placed inside the bag in
which the cap was supplied. :

£) Filtering apparatus was returned to plastic bage

g) The same sample was used for the dissolved organic carbon, calcium, and
magnesium analyses. When these parameters were to be analyzed but the
dissolved trace metals were not, the filtering unit required a less

vigorous cleaning procedure which was performed by the field crew. The
filtering apparatus with filter in place was rinsed once with ten per-
cent HNO13, and three times with USFS%?U,w%éﬁr before the bottle,
supplied by MDH, was inserted. €lon

41) All sample bottles were placed in the ice chest.

q8) U.S5.G.5. water level staffs and other water level recorders were read.

09) Information required for the field notebook was completed.

Lake Field Procedures

The water sampling bottle (Kemmerer) was cleaned for trace metals by rinsing
once with 0.2 percent nitric acid followed by three rinses with distilled,
deionized water. The dissolved oxygen (DO) meter was Winkler calibrated and

the batteries charged if necessarye
At each station the sampling procedure was as follows:

1) The DO meter was turned on 15 minutes before it was to be used to allow it
to equilibrate.

2) 1If gampling from a boat or canoe, the motor was turned off and the craft
allowed to drift a distance before anchoring. The motor was raised out of the
water unless the temperature was below freezing.

3) The eight liter, nonmetallic Kemmerer was opened and lowered into the water
to "soak."

4) General information such as time, weather, and station identification was
recorded in the field notebook.

5) The DO meter, probe, and stirrer were assembled, the red line and zero
checked, and the measurements taken at one meter intervals sFarting at the sur-
face. One person operated the meter and handled the probe ¢S nile the other
recorded values on the profile data sheet.

6) A surface water sample was taken with the Kemmerer. A polyvinyl chloride
(PVC) tube, which was mounted to the outside of the ice chest, was slipped over
a vertical PVC rod mounted to the top of the ice cheste. This served to hold the
Kemmerer upright while withdrawing water. Sample bottles were rinsed, filled,
and preservatives added. Bottles were filled by depressing the Kemmerer valve
with the mouth of the bottle. This climinated the need for opening the valve
with the fingers. One Kemmerer £i11 normally provided enough water to £i11 all
required bottlese.



A filtered sample for MDH analyzed dissolved trace metals was obtained from the
Kemmerer by attaching a short length (5 to 8 cm) of tygon tubing between the

.

valve and the aseptlc filtration unit, locking open the valve, and pumping a
sample through with the hand pump. The tubing was prepared and cleaned by MDH.
The rest of the procedure and equipment used was the same as described for

stream sampling)above.

7) Mid-depth sample was taken if scheduled.

8) Bottom sample was taken if scheduled.

9) Samples were stored in an ice chest and chilled with freezable ice packs.

10) Secchi disk reading was taken. This was measured on the shaded side of the
boat by averaging the depth at which it disappeared when lowered and the depth
at which it reappeared when raisede.

11) Biological samples were taken (see Aquatic Biology Lakes Operation Manual).

12) Gear was stowed for move to next statiom or to shore. DO meter was not
turned off it proceeding to another statiom.

Field Lab Procedures

Samples were brought to the field lab the same day they were collected,for pro~

cessing, shipment, oOT temporary storage. The USFS deionized water was used for
S wsed for orihical Tinsing, suchas the trace
routine rinsing and U.S.G.S. deionized water was’ suppred-by=tvvovir—oen el
metal smples, The US. 6.5, deionized wodtr Wos supplied 63 e U563, centhal
l1abs and its quality was known, USFS deionized water was distilled at the USFS

lab in Ely and deionized at the Copper-Nickel field lab. Millipore 0.45 um
filters constructed of inert mixtures of cellulose acetate and cellulose nitrate
were used for all filtering except for the U.S.G.S. suspended and dissolved

organic carbon samples. A gsilver filter was used for this filtration.
The field lab procedures were as follows:

1) Conductivity and pH were measured, if this was not done in the field.

2) Complexing capacity samples were marked with pH and stored overnight in a
refrigerator.

3) Winkler dissolved oxygen samples were titrated using .0375 N phenylarsine
oxide (PAO). The sample for the special parameters, dissolved organic and
inorganic carbon, was filtered in a standard vacuum flask, filter holder, and
300 ml reservoir funnel. The filtering apparatus, with 0.45 micron filter in
place, was rinsed three times with USFS deionized water. About 25 ml of the
sample was given three rinses with the filtrate and then filled one half full
with filtrate and frozen. The frozen samples were subsequently transported to
the University of Minnesota. The filtration apparatus was washed in detergent,
rinsed three times with tap water, then three times with USFS deionized water,
T 43 ~an a towel to drye.



4) Radiochemistry samples and U.S.G.S. trace metal samples, when these and the
nonmetal parameter samples were being sent to separate 1abs, were stored in a
refrigerator for a period of several days to several weeks before being shipped.
Otherwise, all samples were shipped the day they were collected (U.S. Mail to
U.S.G.S.) or the following morning (bus to MDH) in five-gallon, insulated,
cylinder-like, plastic coolers (Gott). These coolers accommodated four
refreezable cool packs with a sample to be analyzed for primary'parameters, and
three cool packs with either a sample to be analyzed for primary and secondary
parametefs or one to be analyzed for primary, secondary, and tertiary parameters.

5) U.S8.G.S5. or MDH 1aborétory forms, U«S.G.S. chain of custody forms and seals,
and shipping labels were filled out. Laboratory forms were placed inside
gealable plastic bags and sent along with the respective samples.

6) The reagent pack taken into the field was inventoried and resupplied s
necessarys :

7) Bottles were labeled for the next day sampling.
The procedures outlined below were required for samples sent to U.S5.G.S.:

8) Filtering of U.S.G.S. samples was carried out as follows: 4 0.45 um filter
"was placed on the filter holder, wetted with USFS deionized water, and clamped
to a "rinsing" flask. Three rinses of USFS deionized water (about 200 ml) and
about 25 ml of gsample were swirled around the funnel and drawn through. The
filter holder was removed and placed on 2 second flask which had been rinsed
three times with USFS deionized waters. Two hundred and seventy ml of sample
were then filtered; 20 ml were used to rinse the bottle which had previously
been rinsed with USFS deionized water, then the remainder of the filtrate was
poured in. One ml of HNOj was added to samples requiring acidification. The
filter holder and the two flasks wetre washed with detergent and rinsed three
times with both tap and USFS deionized water.

9) The U.S.G.S. sugpended and dissolved organic carbon samples were filtered
using a silver filter. The collection bottle (300 ml1 BOD bottle) filtering
apparatus, graduated cylinder, and forceps were rinsed with potassium
dichromate, tap water (three times) and USFS deionized water (three times).
Between 75 and 100 ml of the sample were poured into the graduated cylinder and
the volume recorded. The 0.45 um silver filtrgte was placed on the holder and
wetted with USFS deionized watere. About[@nu7 Samph& ware swirled in the
funnel, drawn through the filter, and discarded. This was repeated with another
10 ml. The remaining sample was filtered and the filtrate poured into a glass
bottle and labeled DOC. The original sample bottle and graduated cylinder were
rinsed three times with USFS deionized watete. Each time the rinse water was
poured into the funnel and filtered. Finally, the sides of the funnel were
rinsed three times with USFS deionized water and this was 0¥ ¥Fhrough. The
silver filter was removed, folded in half using the cleaned forceps, and placed
into a plastic petri dish. The volume filtered and the designation "goC" were
added to the label on the petri dishe The petri dish was placed in a sealable

plastic bag labeled the same way.

10) The filtration for dissolved trace metals was carried out in a laminar flow
hood to minimize contamination from dust. Millipore aseptic filtration units
were used to filter the water, and an exhaustive routine of rinsing and cleaning
was carried out to minimize contamination. (It should be noted that despite



these efforts, the dissolved metals data indicated a contamination problem, the
source of which was never determined.) Details of the filtering procedure are

outlined below.

a) Disposablevplastic gloves and other protective gear was put on and the
counter top of the hood was wiped with 10 percent HNO3.

b) RA-teflon (total metals sampled) was acidified with 2 ml of ultrapure
HNO3 from a U.S.G.S. supplied glass ampule.

¢) Filtration unit was removed from its storage container containing one
percent HNO3 and assembled.

d) The unit, without a filter, was rinsed with 50 ml of ten percent HNO3
three times. The acid was swirled in the top half, drawn through,
swirled in bottom half, and discarded.

e) The same procedure was repeated using USFS deionized waters.

f) A 0.45 um filter was wetted with U.S5.G.S. deionized water and inserted
into the unit. '

g) The rinsing procedure (d) was repeated using 0.2 percent HNO3.
h) The rinsing procedure (d) was repeated using U.S.G.S. deionized water.

i) When a filter blank was run, 50 ml of U.S.G.S. deionized water was
filtered, poured into a clean teflon bottle, and used to rinse the
bottle. An additional 250 m1 of U.S.G.S. deionized water was filtered
and poured into the bottle. One such filter blank (labeled FBA) was
prepared each day samples were filtered. :

j) The rinsing procedure (d) was repeated using 50 ml of sample. This
filtrate was used to rinse a clean teflon bottle before being discarded.
. An additional 250 ml of sample Were ‘drawn’ fhrbu;#x ﬂﬂd"pwwrﬁﬁ /ﬁﬁp»fﬁz,
HeFlon  beotile whach WS //ibg/(/;( "“EAY . The sample (and filter blank if
run) was acidified with one ml of ultrapure HNO3 from a glass ampule
supplied by U.S.G.S.

k) The filter was removed and the unit cleaned by rinsing (d) with 50 ml of
ten percent HNO3. The separate halfs were then replaced into their
respective one percent HNO3 baths.

1) The teflon bottle containing the unused sample was emptied and cleaned
with three 10 percent HNO3 rinses followed by three USFS deionized
water rinses. This bottle was then used for another sample.

Sample Handling and Shipment

During the warm months samples were placed in a cold water bath in an ice chest
for transport back to the field lab. Samples destined for U.S.G.S. labs were
mailed at the end of the day collected. Travel time for U.S5.G.S. bound samples,

while normally two or three days, upon occasion took as long as two weeks.



A

After three days in transit samples could not be expected to arrive in a cool
state. The uncertainties and problems associated with the transport of samples
to U.S.G.S. was a major factor which prompted the switch from U.S.G.S. to MDH
analysis. Maximum U.S. Environmental Protection Agency (USEPA) recommended
sample holding times for certain critical parameters were always exceeded when

samples were sent to U.S5.G.S.

MDH destined samples were stored overnight in a refrigerator and shipped by bus

the next day. These samples reached MDH within 30 hours of the time they were

taken and were always 4°9C or cooler upon arrival.

Record Keeping and Data Transmission

"All field notes and data were recorded in hard-bound books designed‘for the
Study. Information included in the field notebooks was general information,
type of samples collected, dissolved oxygen, temperature profile, pH, and con-

ductivity readings. The field notebooks are on file at the Copper-Nickel Study

office.

Sample log forms were sent with the samples to the University of Minnesota,

Minneapolis; U.S.G.S., and MDH.

Sample chain of custody was maintained between Ely and U.S.G.S. labs by the
application of a self-adhesive label from the 1id to the body of the shipping
cooler. The lid could not be removed without tearing the label. A chain of
custody form was sent in each cooler to U.S.G.S. The U.S.G.S. receiving person
indicated on this form whether the label was intact upon arrival, and returned
it in the cooler to Ely. MDH recorded whether or not the label was intact in
their own records. A chain of custody procedure was also used when BOD and

fecal coliform samples were delivered by the field crew to .the SERCO lab in Ely.




APPENDIX B

MISCELLANEOUS WATERSHED INFORMATION



Appendix B.1. 1969 land use category descriptions.
(SOURCE: Minnesota Land Management Information System. 1975. Arrowhead Region
data manual. Center for Urban and Regional Affairs, Univ. of Minn. Manual #3030.)

DATA
LEVEL DESCRIPTION

1 Forested — A forty in which there is at least a ten percent crown cover
of deciduous oOTr coniferous trees. ’

2 Cultivated - A forty in which dominant 1and use appears (on aerial photo-
graphs) to consist of recently tilled or harvested land.

3 Water - A forty in which permanent open water is the dominant surface
feature.

4 Marsh - A forty in which the dominant land use consists of nonforested,
vegetated areas which are permanently wet.

5 Urban Residential - A forty containing five or more residential buildings
(seasonal and permanent homes, resorts, mobile homes, etec.) and no
commercial buildings.

6 Extractive - A forty in which the dominant land use consists of the
extraction of minerals and includes such features and facilities as mines,
tailings, gravel pits, quarries, crusheries, and storage facilities.

7 Pasture and Open -~ A forty in which the dominant land use consists of
pasture 1and or land not used for any other identifiable purpose.

8 Urban and Nonresidential or Mixed Residential - A forty containing at
least omne commercial, industrial, oY institutional development.

Examples: schools, factories, hospitals, nurseries, cemeteries, golf
courses, gun clubs, athletic fields, organized recreational facilities,
‘business districts, churches, £i11ing stations, government buildings,
warehouses, storage tanks, grain elevators, military installations,
sewage disposal facilities, fish rearing areas, radio and television
stations, drive-in theaters, state and county garages, prisons, motels,
nursing homes, and junk yards.

9 Transportation - A forty in which the dominant 1and use consists of

facilities for the conveyance of people and/or materials. Examples:
airports, railroad yards, highway interchanges, rights-of-way.



APPENDIX B2

d Use Classifications and » . .

Lan

Criteria for 1977 Land Use Mapping

(Source: Regional Copper—Nickel Socio—economic staff)

1.0 MINELAND

Any land used or occupied by any phase of the mining process or any
facllity controlled by the mining industry. The following mineland
uses will be classified: )
1.1-pits :
1.2-waste dumps/lean-ore piles
1.3~tailings basins/ponds ‘
1.4-processing plants/buildings (including on-site offices,
storage facilities, garages, etc.)/other surface structures
associated with underground mining
1.5-1lots/yards fenced in vacant 1and roads; railroads surrounding
_ these uses

Exclusions:

-mining company—owned railroads

-mining company—owned roads (outside of pits)

-any unused, vacant 1and which may be owned OT controlled by
the mining companies which is not clearly dominated by the
mining process : o

2.0 MANUFACTURING—INDUSTRIAL

MANUFACTURINGZ 2220 ===

Any land used or occupied by jndustry (other than mining) including:

—manufacturing/processing plants
-at-plant office buildings

-large warehouse/storage facilities
-gravel pits

-other

and excluding:

-any unused or vacant 1and owned OT controlled by industrial

concerns which is not clearly dominated by manufacturing
{ndustrial use

-any private roads

-any private railroads

3.0 URBAN
Any built-up areas within a municipality which include residences,

social and community services (uilt up areas outside of the municipal
s1-ite will be absorbed into one or several other classifications).

& s
s



APPENDIX B2 (Contd.)

4.0 RURAL RESIDENTIAL

Any residence and land immediately adjacent to it which lies outside

a defined Urban area including:

-year-round residences
-temporary Or seasonal residences
—-trailer homes

-farmsteads ‘
—clusters of residences outside municipal limits

5.0 RURAL COMMERCIAL )

Any structure OT iand laying outside a defined Urban area which is
used or occupied for commercial purposes including:

-resorts
-stores

-gas stations
-bars

-others

6.0 TRANSPORTATION

Any land occupied by facilities which transport people and/or materials.
The following transportation uses will be classified:

6.1-rights of way for both functional and abandoned railroads
6.2-rights of way for roads and highways

6.3-airports

6.4-associated loading/unloading facilities

7.0 AGRICULTURE

Any land primarily used for the production of food or to support
1ivestock including:

~cultivated fields

~grazed pastureland

-orchards

-outbuildings (barns, silos, sheds, etc.)
-large home gardens '

and excluding:

~inhabited farmhouses and their yards
-unused fields or pastures



o~

APPENDIX B.2 (Contd.)

8.0

9.0

10.0

FOREST
Excluding:
-black spruce bogs
SWAMPS /MARSHES /B0OGS
Any vegetated land which is permanently wet and which has not- been
otherwise classified (as mineland for example) including:
-black spruce bogs
WATER

Any land which is covered by water including:
~lakes

-streams
-artificial lakes such as found in old pits, reservoirs, etc.

and excluding:

-ponded water within tailing basins

OPEN/VACANT

Any open, vacant, Or unused land (even when this open land is clearly
associated with adjacent land that has a specific use, such as an
unused field next to a cultivated field) including:

-clearcut timber land which is not obviously replanted
—unused filelds or pastures
-other unclassifiable lands

and exluding:

-forested land
-swamp/marsh/bog
-water
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