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clated with Glacial Lake Dunka. The coarsge outwash materials are particularly
permoablc and present hydrologle difficultics In 1solating %otcntial leachates
from the groundwater., For these reasons, arcas underlain By outwash may also bpe
excluded from diréct land use associated with copper-nickel mining. If arcas
underlain by outwash are avoided, available acreage within zone 4 would be
reduced to 3,256 ha in the castern one-third of the zone (sece Figure 41).
Uplands in this area are dominated by aspen stands which are often of open and
mixed composition resulting from incomplete harvest aund reforestation in the
1930s and 1940s. The patchiness of thesc habitats encourages high densities of
songbirds. Despite the abuundance of upland shrubs, deer densities are generally
low. Loss of upland bhabitat within the zone would probably not affect wildlife
significantly because large areas of similar habitat are available throughout

northern Minnesota, and no species of national or statewide interest are con—

centrated in the zone.

Wetlands in the zone lie mainly within the Dunka Outwash plain. ‘Should nining
proceed on this plain.the loss of these wetlands wouvld mean loss of roqghly 15%
of all habi}at for the wetland conifer songbird association within the develop—
meﬁt zones. The high proportion of the development zone's mixed conifer-
deciduoué communities (30%) contained in zone 4,'ref1ects the incomplete
reforestation of uplands in this zone following logging in the 1940s. Many of
the mixed stands are conifer plantations that were not released from deciduous
competition.‘ Al though these patchy communities support a high diversity of bird

species, these species are not without ather (in some cases more suitable) pre-

ferred habitats.

‘Roughly one-fifth of zone 4 has been recently harvested or clearcut, accounting

for 19% of all such lands in the development zones. Approximately half these
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~lands are located in areas avallable for éoppgr—njckel mining after all possible
exclusions. Direct use of recently planted lands éoulé not be avolded if a

?O X 106 mtpy mine were developed outslide the exélusion éreas becaugse such a
mine would require all remaining acreage in the zone. In the cvent that no
exclusions are made, portions of recently planted areas could be avoided. The
mature pine within the area are approaching harvest age and could be harvested

before the construction phase,

‘Reclamat;on in zone 4 should be as easy as anywhere in the Sfudy Area. The pre-
sent upladd mixed conifer-deciduous communities should probably not be used as a
standard for reclamation activities, because they are an example of some of the
most ‘poorly managed cutover forests in the area. On the other hand, wetlands in
the upper reaches of the Dunka and'Partridge rivers. are examples 'of some of the

best restocking of harvested spruce bogs.

4

’

"Depth of overburden in zone 4 should be sufficient for topsoiling of tailing
basins and waste rock piles. Several soil associations are present in the zone
and overburden could be stockpiled separately to take advantage of soils with

higher cation exchange capacity for topsoiling materials rich in heavy metals.

2.8.2.5 Zone 5--Zome 5 is a large zone (11,227 ha) with mineralization that
suggests the development of an underground mine. If a 11/ mile buffer zone is
allowed outside the ultimate taconite pit limit, 6,674 ha wouid be available to
a copﬁer—nickel development within the zone. Nearly one-fourth of this
remaining area 1Is young plantation and clearcut, with almost another quarter in
wetlands (Figure 42). A 932 ha tailing basin could not be accommodated entirely
within a single wetland outside the taconite buffer area, some upland conifer,
deciduous, or young plantation area would be involved. As is the case in zoves
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4 and 6, lowland conlfer communities are thosc of highest biolopgical value

. A
because they foster a unique avian fauna. The zone contains over twice as much
arca of wetland conifer bogs as any other zone, with several bogs exceeding 40

acres in area. It can be expected that the larger a contiguous wetland the more

likely it is to harbor a unique bird community.

Roughly one-tenth of the zone is comprised of clearcut and young plantation,
About one-half the 1,136 ha of this habitat are continuous and could probably
be avoided if mining activities focus on the 3,774 ha of discontinuous aspen

uplands which are probably the habitat of least biological or econcmic value.

_ Because of the probability that tailing disposal would affect several of the

‘

conifer wetlands in tributaries of the Partridge River, reclamation of thesec
areas would probably result in the convefsion of approximately 900 ha of
wetlands to upland forest communities (either pine or aspen-birch). Soils of
the area are varied and overburden depth is more than sufficient to provide for

topdressing of both a tailing basin and waste rock piles.

5.8.2.6 Zone 6-—A 20 X 106 mtpy open pit mining operation would iwmpact nearly
one-third of the area of zone 6., If all areas within 11» mile of the ultimate
taconite pit limit are exciuded from availablity for copper nickel mining 10,540
acres would be removed, including roughiy one~sixth young conifer plantations
and two-thirds uplands aspen—birch communities (Figure 43). 1f the aréa’within
the téconite'buffer is excluded 1t would be almost impossible to avoid direct
impact to éll habitat types. In some cases, it ig technically and economically
most feasible for a wining operation to utilize lowland areas for tailing dispo-
851 because less dike coanstruction is necessary than in uplands., No single
lowland system in this zone 1s largé cnough to accomddate a 1,620 ha tailing
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basin without containing the Partridge River within the basin, a situation wnich
a wining company would clearly seck to avoid, With the assumptions made here,
It appears that inclusion of the Partridge River and its associated wetlands
vithin the bhoundaries of an operation would be unavoidable (Figure 43). These
wetlands include 17 percent of all spruce bogs in the development zones, and are
the most inherently valuable habitat within the zone because of their size and

their unique bird community. Almost two-thirds of the eastern 1l mile band is

comprised of recent clearcuts and young plantation that would not reach har-—

~vestable age until the end of the first quarter of the next century. Although

some direct impact on plantations in the central part of the area could hardly
be avoided, concentration of mining activities (other than the mine itself)
northwest of the Partridge River wquld protect the countinuous plantations in the
eastern mile and one;half of the zone.

B

Reclgmation activities within zone 6 could be'affeéted by the proximity of the
zone to Hoyt Lakes and Aurora. Development of recreaticnal or industrial sites’
may be more likely in zone 6 than in any other zone. Reforestation efforts
could be'complicated by the higher probability of injury from air pollution in
this zone Sut original establishment of vegetation should be easier than in
zones 1~$ because of the predominance of soils with a higher cation exchange

capacity in this and zone 7.

2.8.2.7 Zone 7-~Open pit or underground mine direct land appropriation in zona
7 would entail approximately 22 percent of the area for a 20 X 106 mtpy open
pit mine or approximately 10 percent of the area for a 12.35 X 106 mtpy

underground mine.

Very limited information exists regarding mineral resources in this zone. Based
on available information, no mining would occur within the zone. VFuture
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state may 1dcotify

exploration activities or information unavailable to the

significant deposits; it is likely that development will ogccur in other zones

¢

before development occurs in zone 7,

Altlouzh upland areas may be used for tailing disposal;, such use requires the

construction of dikes. Whereever possible, lowlands are preferred for tailing

disposal. Although several small basins offer the advantage of progressive

filling and availability for reclamation, a single large basin offers the

advantage of requiring less pipeline. Within zone 7, total area of wetlaunds

(1,165 ha) exceeds the acreage requirements for one tailing basin associated
with either an open pit or underground mining operation, but as Figure 44 indi-

cates, wetland areas are generally interrupted. The largest continuous wetlands

are conifer bogs surrounding llush Lake, north of the St. Louis River and in

sections 15, 16, 20 and 21 (T58N, R14W) south of the same river. It appears

that a 1,620 ha tailing basin associated with an open pit mine would necessarily

impact both wetland and uplﬁnd habitats and that it would be difficult to avoid

~

both habitats if tailing material from an underground mine were contained in a

single basin.

Mature conifer stands and recently harvested uplands are mainly concentrated in

the eastern and western strips of the zone. Mature stands originated after the

Palo-Markham—Aurora fire and range around 40 years of age. Over one-fourth of
all mature red pine in the development zones is included in this zone. These

pine stands are among the best—-managed and most productive in the Study Area and

their premature harvest would be a significant timber loss.

?

Uplands in the central 3 mile band of the zone are dominated by agpen—-birch
forests which provide preferred habitat for deer, moose, ruffed grouse, and
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wvoodcock., In pgeneral, populations of these specles are higher in the Toimi

.

g Drumlin Field (of which zone 7 is a part) than elsewhere in the development

zones. However, centers of deer and moosc populations appear to lie outside the

jnnermost 3 mile band of the zone where wining activities are likely to be con-

centrated.

The shrub carrs of zone 7 are generally dominated by alder and many represent an
early stage in pdstnfire succession for this area. These wetlands generally lie
in parallel 1owlands between drumlins and because of thelr small size many are
likely tgtbe eliminated as part of mining operations. Souwe may also be used as
basins becéuse of the desirability of using drumlins as part of the

tailin

o
o
o

tailing impoundment dams system. Loss of these communities could have a detri-
mental effect on woodcock and grouse populations in zone 7. Reclamation in this
zone is likely to change its topographic features more then its plant com-

{

munities, Pioneer forests similar to those in the area should be easy to rege-

nerate on sclls with a high cation exchange capacity.

.In general, 2ones in the northern part of the area are dominated by communities
of more unational importance that are more difficult to regenerate than those in
the south. 1In addition, soils in the north are shallow, more easil§ eroded, and
provide less overburden for topdressing during ;eclamation. Imbacts of direct
land uvse and difficulties in reclamation are therefore anticipated to be

greatest in the north and least important in the south. This is summarized in

Table 17,

A policy of wise use of resources would suggest that wmore susceptible and less
common habitats should be avoided wherever feasible during the mine development
planning process. On a purely "biological"” basis, habitats and componedts are
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ranked according to their susceptibilitics and commonness ip Tables 4a and 12.

Coniferous uplands and rare habitats, such as cedar, should be avoided whenever

.possible because of their ecological importance. Wetlands would be more dif-

ficult to reclaim than deciduouﬁ uplands because of their unique hydrological
characteristics. Digturbance of "easily" regenecrated deciduous upland com-
munities would proBably result in the least long-term ecological damage there-
fore whenever feasible these areas should be utilized in order to avoid the more
sensitive and "important” habitats. These broad guidelines may be useful in

initial planning stages but consideration of these factors must be made on a

site specific basis. See sections 2.5.3, 2.5.4, and 2.6 of this volume of the

report for further discussion of susceptibility and distribution of communities

and their components.
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2,9 IMPACTS OF AIR POLLUTION

2.9.1 General Discussion of Stress

0f the potential impacts associated with copper-nickel wining and smelting, air
pollution effects may extend over a larger geographical area than those asso-
ciated with land appropriation, noise, and scepage. Smith (1974) identifies

three classes of air pollution effects on temperate foresfed ecosystems:

Class 1 — low dosage effects where vegetation and soils act as a sink for
pollutants.

Class 1T - subtle detrimental effects caused by moderate dosages and
resulting in such symﬁfoms as nutrient deficiencies, reduced
photosynthesis, lower growth and/or rgproductive rates, and
increased incidence of stress-related insect and disease

damage.

Class II1 - severe damage causing acute morbidity and mortality of specific
plants, increased erosion, reduced nutrient cycling, and

structural simplification of the ccosystem.

Levels of pollutants projected for the Study Area in &he preéence of copper-
nickel mining with a smelter (in addition to- projected increases from other
sour;es such as new electric—gevnerating plants) are discussed in Volume 3-
Chapter 3. The potential impact of alr pollution damage on terrestrial ecco-
systems can be summarized by the statement that expected normal levels of
pollution for the'Study Area are all in the range that has béen shown to cause
class 1 and class 11 effects, whereas levels produced under breakdown conditions
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~

can be expected to cause class 11T effccts 1in a narvow band extending betwern It
and 20 km. Known stress cffects caused by class 11T damage are svmmarized in

Table 22,

Table 22

The paucity of knowledge about class T and cléss 11 effects arises from several
sourées including the variable responses of individual plant species, the
influence of local environmental factors (such as climate and soil typey on
pollution effects, the lack of available information on types of damage and
threshold levels for many native specles, the lack of information on interac—

tions of more than one pollutant, the high levels of exposure used in experimen—

‘tal studies, and the dirth of fieid‘studies.

2.9/1.1 Nature and Effects of Particulate Pollutants-—Down and Stocks (1977)

identify five major air pollutants that are generélly associated with mining and
smelting: carbon monoxide, hydrocarbons, NOy, SOy, and particulates. Of

these pollutants, particulates are the most important and widespread éir éollu~
tants assotiated with copper-nickel mining, whereas S0p is the major pollutant

associated with smelting.

Particulates arise either ffom point sources (e.g. chimneys, vents, exhaust
systems).or non—-point sources (e.g. tailing basing, stockpilés, haul roads).
Non—péint sources may be particularly important to terrestrial ecosystems
because they are scattered more broadly on the landscape exposing<more area to
direct impact. Actual transport distances of particulates vary with particle

size and are generally classified into three groups (Down aund Stocks 1977):
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less than 0.) micron-diameter ~ (aerosols), never settle but may combine tn

form lavger particles

0.1-1.0 micron-diameter - particles formed by condensation of vapors

and settling over perlods of wonths

greater than 1.0 mlicron-diameter ~ pavticles formed by the abrasion of

solids and having definite settling velocities

Smith (1977) emphasizes the scavengiug ability of foliage for even sub-
micronsized particles, thus suggesting that forested areas have the potential for
accumulating large amounts of particulate heavy metals if dust control is not an

integral part of a mining operation. The fate of such particulates is more

likely deposition on the forest floor than direct uptake by the plants.

Deposition may occur by the processes of throughfall {rain waching substances
off the leaves to the ground), by stem-flow (water washing substances along the

trunk) or by leaf fall. The proportiohs of particulates reaching the ground by

"these mechanisms are not well known. Although iron concentrations in . throughe

fall at study plot G2l (adjacent to Erie Mining Company's Dunka Pit) were not

significantly higher than at five other study plots sampled for throughfall,

they did exhibit elevated levels.

The toxic effects of heavy metals on soll micro-organisms have been recognized
for a long time. Metal salts are used as fungicides and investigations into the
relative toxicity of various fungicides date from the 19th century. Horsfall
(1956) surveyed existing literature and found that fungitoxicity decreased in
the following order: Ag-llg-Cu-Cr-Ni-Pb-Co-Zu~Ca, The fungitoxzicity of metals
results in reduced decomposition of litter. Ruhling and Tyler (1973) found
signific;nt correlations between total héavy metal c;ncentrations (Zor+CutCd+Ni)
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and reduced COyp evolution rates for partially disintegrated spruce needles.
Tyler (1975a,b) reports that as copper concentrations increasg in excess of 20
ppm, nitrogen wmineralization decreases rapidly, although initial levels of 15 to
30 ppm appear to Increase nitrogen mineralizatlon, especially in organic soils

where copper is often unavailable.

In addition to retarding the cycling of nitrogen, heavy metals (Cu and Zn)
decreased phosphatase activity at copper cbﬁﬁéntrations of 30 to 300 ppwm (Tyler,
1975a, 197635. Because phosphatases are eﬁzymes involved in the breakdown of
organic phosphates, reduction of their activity reduces the recyeling of the
phosphorus. Reduced recyc’ iag of nutrients has ﬁhe eventual effect of slowing
tree growth, because the processes of nitrogen mineralization and phosphéte
breakdown are Important steps in the conversion of nutriegts from unavailable

organic forms (locked up in protein or bone) to forms available for uptake by
% B

plants. TIf nutrients are tied-up in organic compounds, they are as unavailable

for direct uptake by plants as if they were not there. There is some evidence
that nutrient deficiency may make plants more susceptible to gaseous air pollu-.
tion (Guéerian 1977). 1If this is the case, the slowed recycling caused by accu-
mulatién of particulate heavy metals could have an influence on the forests'

ability to resist SO pollution.

Effects of heavy metals on young plants may be direct or indirect. In studies
of the direct effects of metals on germination and root elongation, Hutchinson
and Whitby (1974) studied soil extracts sampled along transects away from

smelters in the Sudbury area. Root eloungation of radish, cabbage, lettuce, aund

tomato was increasingly inhibited by extracts from soils at decreasing distances

from the smelters. The results of this wetvl prompted the Copper-Nickel Study to

e

conduct investigations (Olson 1978) into the germlnatiou and radical growth of
secds of several Minnesota forest aspecies.
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This study found that three heavy metals (Cu', Ni, Co) had no apparent effect,

ol ol

[EaN

the concentrations tested, on the germination of the species tested, but radical

growth was inversely rvelated to the concentrations of the metals., Experimonts

with vadical growth on filter paper revealed a stimulatory effect from copper -

and cobalt (both micronutrients) at concentrations less than 5 ppm. Growth was

increasingly inhibited at greater concentrations of all three metals. Higher

concentrations were required to affect radical growth on mineval soil than on

filter paper and on organic soill than mineral soil. Total concentrations of 50

to 500 ppm in mineral soil and 1,000 to 10,000 in organic soil had similar
effects on seedling growth for all three metals,

.

In addition to direct effects on the development of seedlings, slowed decom-

position resulting from heavy metal loading may produce deep litter layers that

i ° .
are’poor seedbeds for species that require mineral soil for establishment, such

as red and jack pine. Studies by Thomas (1965), jordan (1975),. and Whitby and

Hutchinson (1974) suggest that near smelting operations heavy metals have a ten-

dency to remain in the humus of the forest floor rather than leaching into the

mineral horizons of the soil. 1In a study in Pennsylvania, Buchauer (1971) found

that accumulations of zinc and cadmium caused greater damage to vegetation than

did SO,

The Regiénal Study's.air pollution wodeling suggests that loéding of soils by
heav? metals is probably the most severe terrestrial impact of air pollution
that can be expected from a smelter in northeastern Minnesota. By estimating
the loading of metals on the soils of the area at prescnt and projected rates
a distance of 20 km from a smelter, assuming base case emiésion control {see
Volume 2-Chapter 5), operating for 25 years (see Volume 3-Chapter 3 for air
modeling detaills), comparisons were made of the relative potential impact on
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solls and vegetation types in the wineral resource zone. Thig model does not

acecount for the effects of additional 1litter disposition and decomposition,

input of wetals from weathering sources, and rate of leaching.of metals from the
Lv 3 O

litter layer during the 25-year period. This model ies totally dependent on the

accuracy of loading values and should be used to consider trends but not the

magnitude of the problem.

Present loadings for copper, nickel, and iron (the elements with relatively

large projected loadings from a smelter) were calculated using Copper-Nickel
Study data for forest floor weight and metal concentrations for the litter laver
of 4 upland soils and 4 vegetation types. The highest present loadings of

¥

copper (kg/ha) are in pine stands on soil association 8,

Reported pH values (SC8) for upland soils reach a maximum of (.0, These valuas

suggest that heavy metals are probably available for uptake by plants. Cation

exchange capacities for soils 7, 8, and 5 (1976 Copper—-Nickel Stﬁdy data) are

comparable with each other and renge from 15 to 28 millequivalents/100g. No
data are available for the cation exchange capacity of soil association 50, but
.this clay soil may be expected to have a higher cation exchange capacity than

‘the three coarser soils, suggesting that metals should be less available for

plant uptake.

For this model, predicted loading of copper is approximately .2 kg/ha/yr (5
kg/ha after 25 yeers), and of nickel is .03 kg/ha/yr (7 kg/ha after 25 years)
were used. These projected loadings were added to present levels in the soil
(see Volume 3-Chapter 1 and first level soils characterization repopt) to
generate projected concentrations after 25 years of smelter operation. There is
a strong negative correlation beltween forest floor litter welght and projected
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COﬂCCnLFHtiﬂn-ﬁCFDSS most communitics and 30%15 for both nickel and copper
(Figure 47 ard 48). - Mean projected concentrations of both metals ave highest
across all vogetation types on soil associntion 5 (Newfoﬁnd~Newfound) which
predominates in the Toimi Drumlin Field where litfer welghts are low. Because
current loadings of copper are lower uudev jack pine than red pine on soil asso-
ciation 7 (Tolvola-Cloquet) projected loadings-would make a greater change in
red pine stands., Projected average new conceﬁtrations of Cu on this soil are
comparable for deciduous and coniferous stands. Projecﬁed'concentratious of (u
on soll association 8 (Mesaba-Barto) are three times higher in deciduous than
conifercus stands. TFor soll association 5 where projected Cu concentrations arve
highest, projected mean concentrations for deciduous and white spruce stands are

‘

comparable whereas those of pine are almost half as great. The effect of litter

weight in the spruce stands is an important factor contributing to the projected

similarity hetween white spruce and deciduous stands. Forest floor litter
weight in stand G35 is low because of site preparation (rock raking) which

removed all litter before the plantation was established.

Figures 47-4 48

Average projected concentrations for nickel are slightly higher in pine stands
than deciduous stands for soil association 7, comparable on soil association 8,
and highe% in deciduous stands on soil association 5. Projecfed increases of

nickel in the clayey soil type 50 are slightly lower than in comparable vegeta~

tion types on the neighboring soil association 5.

Freedman (unpublished research) is studying loadings of heavy metal and litter
decomposition along a transcct downwind of the Copper ClLiff (Ontario) smelter.
Copper concentrations predicted by the above model for soils in the Study Area
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" FIGURE 47 ‘
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FIGURE 48
RELATIONSHIP BETWEEN FOREST FLOCR
LITTER WEIGHT AND PROJECTED NICKEL
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after 25 years of smelter operation at 20 km generally foll within con-
centrations comparable to those obscrved by Freedman approximately 40 ko doere

3,

wind of the Copper Cliff smelter (200 + 80 ppm). On soil association 5, which

3

has a lower litter weight, predicted concentrations after 25 years of smelter
operation are compavable to valucs obsecrved by TFrecdman 30 km downwind of the
Copper CLiff smelter (400 + 400 ppm). Average predicted nickel valuas are
generally half thoss observed by Frecdiman at approximately 40 km from the Coprear

Cliff smelter (this smelter has a high stack, smelts copper and was first blowm

in 1888).

'

Freeduan's litter decomposition data have becn used to calculate the half-life

and 95 percent loss time for decomposition of birch, aspen, and white pine

b

litter (see Soil Decomposition Studies report for further details). These rvatss

fde

éan be compared with current rates of decomposition for aspen litter determined
by tﬁe sawe litter—bag wmethod in the Study Area. The time required for ©5 per—
cent decomposition of aspen litter at 40 km from Copper Cliff is 6.25 vears,
compared with 4,65 years in the Study Area, suggesting that after 25 years of
émelter operation, projected metal loadings in most Study Area soils would
reduce littér decompogition rates by roughly 25 percent. On soil type 5, where
the concentration would be ccmparable to that at a distance of 30 km from Copper
Cliff, 95 percent decomposition ti&e could be expected to be 6.52 years. It
should be noted that these calculations are based on projected levels of metal
loading at a distance of 26 km from a swelter. In order to reduce the areal
extent of slowed decomposition to within a distance of 2 km of the smelter, the
amount of metal from stack sources would need to be reduced to 1/5 to 1/10 the
levels predicted by the Regional Study's model. The model does not include
fugitive emissions, which also would contribute to 1oa§ings. However, with
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reasonably good housekecping procedures at the smelter, these contributions are

expected to be small,

Because most plantations are managed for pioncer conifer species (such as red
and jack pine) that reqﬁire mineral soll for germination and good seedling sur-
vival, the litter layer is usually removed béfore planting. Those stands with
the lcast initial litter welght can be expected to be most affected by heavy
metal loading. The low injtial litter weight of young‘plaqtations implies that
these stands are likely to be the most susceptible to effects of higher heavy
metal concentrations. Thus, recycling of nutrients may be reduced more in these
most intensively managed stands than in older stands and unmanaged stands with

greater initial litter weights.

Once metals reach the litter layer, they are effécted by several processes
‘including: leaching to deeper soil hofizons, transport in runoff to the aquatic
ecogystem, transmutation to other chemical species, binding to organic or other
materials and being taken up by plants. The chemical availability of heavy
metals for uptake by plants depends on several factors: the form in which the
metals occur, the species of piants present, the cation cxzchange capacity of the
soil, ana the soil pH. Soils with higher cation exchange capacities, such as
organic soil associations 58 (Moose Lake) and 59 (Washkish), can be expected to

bind more metals in unavailable form than clay soils, and clay soils more than

sandy soils.

Soil pll and buffering capacity vary naturally between soils and under different
plant communities. For example, sandy soils under conifers are naturally more
acidic than the same soils under some deciduous species. Micronutrient cations
.spéh as Fe, Mn, Zn, Cu, B, Mo, Cr, and the toxic Zn, Cd, and Ni{ are most soluble
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under acidic conditions. The pil at which metals ave veadily soluble in water
varies with the metal. 1In Swedish mor (organic) soils, Tyler (1978) found sud-
den release of Cu at pH values below 3.4 and Ph below 3.5. Less than 10 percent
of Cr was released at any pH between 2.8 and 4.2, whereas over 10 percent of C,
Zn, and Ni was released at 4,2 and over 50 percent at 3.2, Although polluted
soils contained more metal ét the outset of leaching experiments, Tyler found
that they had higher base saturation resulting in more efficient initial neutre-
lizétion of acid rainfall. The total amount of metal released from polluted and
unpolluted ccils at tbe end of Tyler's leaching experiments varied with the
metal. More Zn, Cd, Cu, Pb, and V were released from polluted soils whereas
greqter amounts of Mn, Ni, and Cr were released from unpolluted soils., Tyler
estimated the residence time of hedvy metals in the two soils. At pH values of
4.2 (most nearly like pH values projected for the Study Afea in 1985) residence

times of all metals except V were much longer in polluted than unpolluted soils

" (Table 23). It should be moted that these leaching experiments were conducted

with organic soils most likely to bind heavy metals and that no estimates of

loading were made for organic soils ‘in the Study Area.

Table 23

2.9.1.2 Nature and Effects of Gaseous Pollutants-~Unlike particulates, S0p is
emitted primarily from stacks of smelters (or as fugitives) during the smelting
of sulfide-bearing ores or from coal~burning power plants. Based on models pre-
sented in Volume 3-Chapter 3, projected annual ambient levels of S0y, for the
total Study Area in 1985 without a smelter are 2.3 ug/m> énd 1.1 ug/m3 above
the current level,l Addition of a.single smelter, with base case emission
coutrols (Volume 2-Chapter 5), would raise the annual‘concentration to 2.5
ug/m3. |
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Table 23, Residence time of heavy mctals in Swedish ovpanic solls.

RESTDENCE TIME TN YEARS

Hetal i Unpolluted Soil Polluted Soil
Hn 4,2 3 ’ 30-40

Zn 4e2 7 9

Cd 4,2 6 20

Ni 4,2 . 5 15

\ 4.2 17 2
" Cu 4,2 13 80-120

Co '4.2 : 20 100~150

Pb 4.2 70~90 200

SOURCE: Tyler (1978).
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Gascous pollutants such as 509, W, and NO, can enter plants divectly

throuph the stomata (openings in lecaves), causing direet damage to the foliage.

The phytotoxicity of SO2 appeare to be about one-half that of equivalent con-
ceatrations by volume of HCL and one-eighth that of HF (as measured by accumulaf
tion of S, Cl, and F in the plants)(Guderian 1977). 1In addition to the towicity
of S09 itself, the gas combines with oxygen to form the strongly hygroscopic
503. The combination of 803 with atmospheric woisture produces sulfuric

acid, creating "acid rain'', which is discussed in greater detail in the
following'section, The preseuce of an extensive taconite industry in
northeastern Minnesota may especially enhance the probability of acid rainfali,

because in the presence of iron or manganese-rich particulates the SOo——2

S03 reaction is catalyzed, magnifying the effects of the reaction 3 to 4 times

(Down and Stocks 1977). Krause and Raiser (1977) report magnification of direct

}

S0y damage in the presence of heavy metals. The influences of concentratioa
and duration have been combined empirically ia many studies to show threshold
levels of acute injury for many species of agricultural crops, commercial forest

~

species, and cornamentals. Data from Driesinger and McGovern (1970) for the
Sudbury region of Ontario were used to estimate the maximum allowable 509 con-
centrations before there is visible damage to several species present in
northeastern Minnesota. The results are depicted graphically in Figures 4%a-1.
Zeyen (1978) ha; grouped species vnative to the Study Area as having high,
mediu%, or low sensitivity to SO9. These ratings, and pollution levels
causing damage to each group, are presented in Table 24, As can be seen from
this table, resistance to pollution varies a great deal betwcen species.
Variations in pollution resistance within species, as documented by Rohmeder et
al. (1962, 1965) f&r European sbecies of pine and spruce, Schonbsch et al.
(1964) for European larch, and Dochinger et al. (1965a,b) for white pine, pro-
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vide the basis for breeding progvams to produce resistant stralns.

Fipures 4%a-1, Table 24

The degree of damage to vegetation from gaseous pollutants (especially S07) is
dependent on several ehyironmental factors. The effects of relative humidity,
soll moisture, light, temperature, time of day, and season are all related to
the size of stomatal pore opening. In geuneral, the stomatal pores are open to
allow evapotranspiration when the plant is actively pﬁotosynthesizing. Under
dry condi&ions the pores close to conserve water, éxpléining the relationship
found by several investigations between degree of wilting (Zimmerman and Crocker
}9343, soil méisture (Katz 1937; Katz and Ledingham 1937) or water deprivation
(Vaun Haut 1961; Zahn 1963b), and susceptibility to S0 damage. ﬁamage was
gredter when the stomatal pores Werevopen (e.g. under conditions of sufficient

. moisture or active photosynthesis) and gas exchange could take place. Although
NO9 is taken into the plant by the same gaseous exchahge process as S0j whean

the stomatal pores are opén, it appears to cause more Injury under condition; o?
low light or darkness. Under full light conditfons N0y is reduced to ammonia,

which can be used by the plant; but under dark conditions toxic levels of

nitrite accumulate (Taylor 1973).

Although HF is not expected to be a problem with a copper“nictel smelter, ele-
Vatedhlevels are associated with power plants and could be a problem with futuce
power plauﬁ development in the area. The degree of uptake of HF does not appear
to be related to rate of gas exchange of the plant (Guderian 1977). The stage
of development and leaf age have a strong influence on the susceptibility of
plants to pollution. Shor§~lived blants exhibit a strong degree of resistance
during early stages of devglqpment. Younger leaves are generally more resistant
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Tahle 24, Sulfur dioxide concentrations causing threshold Clagss 11T injury to various
sensitivity groupings of vegetation and sensitivitics of Minnesota
specicg,dsDHrC %

Sensitivities of Minnesota Species

Sensitive Intermediate Resistant
Jack pine Balsawm fir White spruce
" Red pine . Balsam poplar Black spruce
White pine Basswood White cedar
Paper birch Red maple
Black ash Red oak
Quaking aspen Bur oak

Bigtooth aspen .

MAXIMUM SENSITIVITY CROUPING

AVERAGE Sensitive Intermediate lesistant
CONCENTRATTON ug/m3 ug /m3
" Peak 2,620 to 3,930 3,930 to 5,240 5,240
(1.0 to 1.5 ppm) (1.5 to 2.0 ppm) (2.0 ppm)
1 hr 1,310 to 2,620 2,620 to 5,240 . 5,240
o (0.5 to 1.0 ppm) (1.0 to 2.0 ppm) (2.0 ppm)
3 hr 786 to 1,572 1,572 to 2,096 2,096
(0.3 to 0.6 ppm) (0.6 to 0.8 ppm) (0.8 ppm)
8 hr 262 to 1,310 524 to 6,550 . unknown
(0.1 to 0.5 ppm) (0.20 to 2.5 ppm)

8Peak, l-hour, and 3-hour concentrations based on observations of
visible injury occurring on over 120 species growing in the vicinities of
S09 sources in the southeastern United States and on other field observa-
tions. Adapted from Jones et al. 1974,

bEight—hour concentrations based on Heagle 1973.

CParts per million converted to micrograms per cubic meter (ug/m3) .
by the multiplication of ppm ¥ 2,620, Adapted from Stern et al. 1973.

& :
Source: Zeyen 1978




than leaves in stages of full growth and octive photosynthests (Van Haut 19613
Van Haut and Stratmann 1970). Similarly, sceusitivity of conifers is highest,
beginning at the late sapling stage and continulng throughout the perlod of

cumulative growth (CGuderian 1977).

The relationship between phenological condition (leaf size and age) and 5011u~
tant sensitivity to SOy has a direct jmplication for control of pollution
injury. Data from Sudbury, Ontario, (Driesinger aund McGovern 1970) show that
the greatest injury to vegetation resulted from polluticon events during mid-
summer,’whereas the same levels of pollution at the beginning and end of the

season had little influence on the vegcetation.

Models developed by the Regional Study (Volume 3-Chapter 3) indicate SO, con-
centrations of approximately 1,000 to 2,000 ug/m3 within a distance of 5 km of

a smelter if pollution controls failed for a period of 3 hours in midsummer, and

‘concentrations of 500 to.l,OOO ug/m3 at distances up to 8 km. Such levels
would be potentially injurious to all major forest species except white spruce
-(Figures 49a-1). 1In the months of June and July, around 55 percent of poten-
tially'dangerOUS fumigations in the Sudbury area resulted in injury to vegeta-—
tion, suggesting that half the accidents occurging during these months could be
expected to cause acute injury to vegetatlon within 10 km of a Smelter in the
Study Area. Because of changing wind conditions, the probability is low for

damage to occur repeatedly in the same area,

No Class IIT impacts on vegetation are expected to occur during normal opevation
of a smelting facility. Class I and II impacts on vegetatlion may occur, but
kﬁowledge §f these impacts is so limited at the present time that it is not
fegsible to either pfedict the extent of poteuntial change or to measure this
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damoge 1f or when it docs occur. Current state alr pollution standavds are,

therefore, expected to provide adequate protectlon for the terrestrial cco-

systems of northeastern Minnesota. At the present time there are no quan
titative criteria to be used during breakdown periods to determine compliance
with state alr quality standards. The staudards, therefove, cannot be
referenced with respect to ambient concentrations whicli might be expected to
cause damage to vegetation duving such upset conditions, and thus cannot be
rigorously used to safeguard eogainst vegetation damcger(Minuesota State Alr

Quality ‘Standarde and Regulations 1976, Chapter 21).

Topographic setting aund structure of the vegetatign also inflﬁence suscep-
tibility to pollution demage. Damage is more likely on sides of hills facing
the smelter and recovery may occur more slowly on xeric southwest-facing slopes
which are wore susceptible to fire. The combination of fire and air polliution

¢
causes severe erosion, as is evidenced in the Sudbury region in Canada and the

Copper Hill region in Tennessce, where open roasting of ores at the turn of the
century was responsiblé>for the severity and persistence of the degradation. 1Imn
.a study of fluoride uptake, Knabe (1968) points out that different structural
layers of the vegetation (cano@y, shrubs, and herbs) are subject to different

rates of air exchange, resulting in different pollutant accumulation rates for

the different forest strata at the- same pollutant concentration.

Foliar injury is not always a good measure of the sensitivity of plants to SO»
damage. Although plants exhibit an ability to recover from low level intermit-
tant fumigations (Gudevian 1977), subtle effects at the cellular level, such as

changes in ‘the structure of the chloroplasts, result in the reduction of (0j

assimilation and thence of growth.




Studies by Westman (1974) on Swedish conifer forests, Linzon (1966) on white

pine in Ontario, Lathe and McCallum (1939) on British Columbia pine forests, an

Kotar (1974) on balsgam fir, white spruce, and aspen 1n Michigan, suggest veductin:

in grovth of conifer species under conditions of chronic exposure to S07. 1In
addition to direcct injury by SO5, Jonsson and Sundberg (1972) in Sweden and
Cogbill (1976) in New Hampshire and Tennessce have attempted to relate decreas:zd
forest growth to acidification. Both studies suggested a decrease in growth bu:

were inconclusive because of uncontrolled variables.

Linzon (19%1) related pollution damage to economic loss from depressed growth of
white pine near Sudbury. He found growth losses of .1 cu ft/yr per tree in the
7 to &2 inch diameter class. These are higher than can be expected in theLStuﬂy
Area, because white pine is the moét susceptible pine species and concentrztions
in the inner fume zone near Sudbury are higher than those projected for
northeastern Minnesota. Tamm and Aronson (19572) report studies near Kvarntorp,
Sweden, in which decreases in growth rates of spruce and pine were estimated
near an oil-ghale plant. Estimated growth reduction of 3 percent at ambient:
monthly SO concentrations between 39 (.015 ppm) and 52 (.020 ppm) ug/m3 and .

20 percent at concentrations around 79 ug/m3 (.030 ppm) have been used to
estimate losses tha£ might be expected under comparable levels of pollution in
northeastern Minnesota (Coffin 1977). in veality, estimated losses of approxi-
mately 1.3 cu ft/yr per. acre ére much higher than can ge expected with normal

smelteerperation, because projected monthly concentrations of SO09 for the

Study Area range around 1 ug/m3.

Reproductive capacities of red and white pine in New York have been reported to
be reduced by monthly sulfatlion rates as low as 5,73 mg/m2 (Houston and
Dochinger 1977). These sulfation rates are roughly five times as high as pro-

o
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jcoted rates from a sinegle base case model smelter in the Study Avea (1,2
&

mg/m2 per month). Even at pollutlon rates sufficient to influence pollina-

tion, it is doubtful thaﬁ reduced rveproduction of pines would sceriously affect
‘the cconomic productivity of fovests in the Study Area becavse ncavly all plan-
tations are established by aerial seeding or by planting of nursery stock ralsed
outside the arca., On the other hand, if reduction of the capacity of sexual
reproduction is a widespread effect of SOj exposure, it is to be cxpected that
in unmanaged areas the species composition of Study Avea forests would shift in
- favor of. those species best able to perpetuate themselves vegetatively (é»g.

aspen) .

2.9.1.3 Nature and Effects of Acidic Precipitation--Inputs of S05 and NOjp

3

from anthropogenic sources appear to be decreasing the pH of rainfall (below 5.7)
in several regions of the world (Likens and Pormaan 1974). The acidification of

rainfall appears to be a potential problem in the Study Area (Volume 3-Chapters

3 and 4), Acid precipitation may present more of a problem in forested than
nonforested ecosystems. Studies in AlbertaA(Baker, Hocking and Nyborg 1976) and
Norway (Abrahamsén, Horntvedt and Tveite 1976) report higher acidity of rainfall
intercepted by vegetation than of rainfall in the open. In both cases, acidity
of stemfiow was even greater than that of throughfall, sugéesting that acids
from the bark of trees are leached by the acid precipitation. Most areas sub-
jected to acidic precipitation lie downwind (in some cascs long distances
downwind) of a complex Qf sources, making it difficult to estimate‘the pessible
area of influence of single sources. Nyborg, Crepin, Hocking, and Baker (19706)
report as much as 50 kg/ha/yr deposited as far as 20 to 30 km downwind of single

emission sources in Alberta,
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Taum and Cowling (1976) veview the potential effects of acidic precipltaicion on

vegetation iteelf (Table 25, from Tamm and Cowling). Their review includes
¢ffects on the cellular, organ, and whole plant level. TIn alddition to these

effects there are those that operate at the ecosystem level, either through

changes to the soils or changes in communlty composition and function.

Table 25

-Knowledge of the acidity of precipitation itgelf is nct sufficient to predict

acidity of the soil. Acid precipitation may be neutralized by basic substances
present in dust, plant exudates, litter, or soil colloids. The higher the
catidn exchange capacity of the soil the greater its ability to neutralize acid
rainfall. High exchange capacitieé are characteristic of soils with high pro-

portions of clay minerals ov organic -substances, Alteration of the chemical

properties of soil organic acids by acid precipitation may permanently affect

the ability of the soil to recover from acidification (Hutchinson and Whitby

}.976). 0

The release of heavy metals into runoff water discussed in Volume 3~Chapter 4
has been reported not only from experimental studies but from field studies. In
addition to the releasé of toxic metals produced by Sudbury smelters, Hutchinson
and Whitby (1976) found increasing concentrations of aluminum.in leachate and
vegetdtion along a transect approaching the Coniston smelter in Canada. The
aluminum occurs naturally in soil clays and is leached at low pH values, as has
been reported near gas works in Alberta (Baker, Hocking and Hyborg 1976) and in
soils affecfed by acid strip-mine runoff in southeasterﬂ Ohio (Cribben and

Sanachetti 1976). Because available aluminum is toxilc to vegetation, there is a

danger of heavy metal toxicity even in areas where there is no metal pollution

if 601l aciditices reach pH values arouand 3.0,
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Table 25. Potential effects of acldic precipitation on vepetation
(from Tamm and Cowling 1976). 2

Direct Effects

{

1) Damope to protective surface structures such as cuticle

Damape to surface structuregs may occur due to accelerated crosion of the cuticuy-
lar layer that protects most foliar organs. Tt also could result from divect
injury to surface cells by high concentrations of sulfuric acid and other hare-—
ful substances that are conceutrated by evaporation or adherence of soot par—
ticles on plant surfaces.

2) Interfercnce with normal functioning of guard cells

Malfunction of guard cells will lead to loss of control of stomata and thus
altered rates of traunspiration and gas—exchange processes and possibly increased
susceptibility to penetration by epiphytic plant pathogens.

3) Poisoning of plant cells after diffusion of acidic substances through
stomata or cuticle

’

This could Jead to development of deep necrotic or senescent spots on foliar
organs including leaves, flowers, twigs, and branches.

4) Disturbance of normal metabolism or growth processes without necrosis
of p]anL cell

Such disturbances may lead to decreased photosynthetic efficiency, altered
intersnediary metabolism, as well as abnormal deveJOpmenL or premature senescence
of leavics or other orgauns.

5) .Alteration of leaf- and root-exudation processes

Such alterations may lead to changes in populations of phyllosphere and
rhizosphere microflora and microfauna, including nitrogen-fixing organisms.

6) Interference with reproduction processcs

Such interference may be achieved by decreasing the viability of pollen,
interference with fertilization, decreased fruit or seed production, decreased
germinability of seeds, etc.

7) Synergl stic interaction with othetr environmental stress factors

Such reinforcing interactions may occur with gaseous sulfur dioxide, ozone,
fluoride, soot particles, and other air pollutants as well as drought,
flooding, etc.



Table 25 continued,

%%y‘ Tndivect Effects

1) Accelerated léaching of cubstances from foliar organs

Damage to cuticle and surface cells may lead to arcoLordted leaching of
mineral clements and organic substances from leaves, twigs, branches, and
stems.

2) TIncreased susceptibility to drought and other environmental stress fzctors

Frosion of cuticle, interference with normal functioning of guard cells, and
direct injury to surface cells may lead to increasced cvapotranspiration from
foliar organs and vualnerability to drought, air pollutants, and other environ-
mental stress factors.

3) Alteration of symbiotic associations

Changes in leaf- and root—exudation processes and accelerated lecaching of
organic and inorganic substances frow plsants may affect the formation, develop—
ment, balance, and function of symbiotic associations such as mycorrhizae,
nitrogen—fixing organisms, lichens, etc.

4) Alteration of host-parasite interaction

Resistance and/or susceptibility to biotic pathogens and parasites may be
altered by predisposzing plants to increased susceptibility, altering host capz—
city to tolerate disease, altering pathogen virulence, etc. The effects of aci-
dic precipitation may vary with: the pature of the pathogen involved (whether a
fungus, bacterium, mycoplasma, virus, nematode, parasitic seed plant, or
multiple~pathogen complex); the species, age, and physiological status of the
host; and the stage in the disease cycle in which the acidic stress is applied—-
for example, acidic rain might decrease the infective capacity of bacteria
before infection and increase the qusceptlblllty of the host to disease
development after infection.




The process of nltrification may be depressed by acld precipitation (Abrahameen,

Horntvedt and Tveite 1976)., The importance of reduced nitrification in forest

.ecosyatems 1s de—emphasized by Tamm (1976) who notes that retention of N in

ammonia form may help retain 1t within the ecosystem Instead of losing soluble
nitrates in runoff and surface groundwater. Within the Study Area, it is likely
that decreased nitvification would be most impdrtant in ombrotrophic bogs, the
community in which nitrogen is probably most limiting. The distribution of the
pitcher plant and sundew may perhaps serve as an indicator of susceptible com-
munities;, In addition to decreasced nitrification, acid precipitation may result
in a loss of nutrients such as‘Ca and Mg through increased leaching. Although a
portion of the leachate is likely to leave the system as runoff, another portion
is likely to be leached to deeper soil horizons where nu£rients would be less

available for herb roots but more available to tree roots.

i
¥

~Few studies have attempted to relate acid precipitation to community charac-

teristics. Changes in species composition mnear centers of pollution such as
Sudburf are the result of the differing susceptibilities of species to a complex
of pollutants. In an effort to detect community properties related to soil aci-
dity, Cribben and Sanachetti (1976) studied riverbottom communities in
southeastern Ohio where acid runoff from strip mines has affectéd soil acidity.
They report lower species diversity, equibility and "productivity"” (measured by
basal area) in black birch communities on more acid soils with higher available
aluminum, The direct causal relationship between acid precipitation and reduced
productivity measured by growth remains to be demonstrated conclusively.

Jonsgson and.Sundburg,(I972) report lower forest productivities in areas of
Sweden move susceptible to acid precipitation and "have found no reason for
attributing the reduction in growth to ény causce other than acidification.” On
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the other hand, Norwegian and American investigators have fadled to detect dif-

fercaees in diameter growth that can be related to acid ralufall (Abrahamsen,

Horntvedt and Tveite 1976; Cogbhill 1976).

2,9.2 Susceptibility of Zones to Adlr Pollution Tmpacts

Divect jmpacts caused by air pollution are not expected to raange far from the
smelter. Y¥or this reason, only the development zonee are consideved in this
discussion of susceptibility. In as much as air pollutioﬁ impacts on vegetation
and soil; are expected to be related more to the presecnce of a smelter than to
the mining operation itself, these impacts are 1ike1y to be restricted to the
zones within which a smelter is located. The siting of a smelter is very

flexible in contrast to a mine, Strictly considering operating requirements, a

‘smelter could be located anywhere in the Study Area, Minnesota, or wherd it is

economically feasible to transport the concentrate. The following analysis of
impacts is limited to the development zones, but could be applied to much larger

regions (e.g. Study Area, Arrowhead Region) using the sourcc>approach. The

‘Regional Study's model suggests that no smelter using the control technology

presently utilized on new domestic smelters could be located in zone 1 without
violating Class I, no significant deterioration alr quality standards. Within

zones 2 and 3 a model smelter based on the best statefofwthewart control tech—

~nology would likely not violate the class I standards of the BWCA, assuming nor-

mal operation. On the other hand, a smelter that siuply meets New Source
Performance Standards (NSPS) could probably not be located nearer than zones 5,
6, and 7 without violating the BWCA's class 1 standards. (This anélysis as 1t
relates to violations of PSD Class 1 standards for the BWCA, assumes no contribu-
tion from other sources in the PSD increment analysis presented in Voelume 3-
Chapter vindicates that existing and expected futuré replonal 509 emissions

159



-

“‘kg_/'; ’

will result In two-fold excecdance of the Class T increment in tho BYVCA without

a smelter 1n the region, This situation could foreclose the option of sitlng o

smelter in the Study Area.)

Alfhough the influence of a smelter on air quality standards may extend through
several zones, projected levels of emiscicn from all sources do not suggest that
potentially injurious fumigations will extent beyoud a vadius of about 5-10 kn
from the smelter. Under normal operating conditions, no visible Injury is
expected even within this zone. However, under midsvrmer conditions of a worst
case breskdown, a single incldent may damage several hundred hectares. 1t is
likely that vegetatively reproducing species such és aspen have a greater
overall capacity for recovery from such infrequent fumigations, so that long-

term injury to vegetation is likely to be less in zones dominated by aspen

(zones 1, 2, 6, and 7).

As discussed earlier, a modification of the Regional Study's forest succession
model presents an exaggerated vision of possible successional trends under the
influencg of injurious levels of pollution similar to those at Sudbury, Ontario.
Figﬁre 46 illustrates expected changes in community type over 100 years, with
the smélter operating for the first 20 years. The change in area of a community
type does not imply the déath of every individual of the dominant species, but
that a sufficient thinning of canopy occurs to result in reclassification of the

.

area on serial photographs.

During smelting, damage to sensitive species, such as pines and aspen, is likely
to result in a reduction of the area classified as these community-types and an
increase in area classified as uvpland brush. After cessation of smelting, nor-

mal successional processes and management practices will again become the.

; ‘ | 160



'EEPIGVZG

e

controlling factors In determining forest types In the repion. Normal suc—

cessional processes ave 1llkely to result in increasing acreages of mature com-

~munities (such as wixed conifer-deciduous)., Management would result fo

conversion of such mizxed communities and upland brush Into commerclally valuable
species (pines and aspen) near the end of the 100-year period. DBecause the.

model assumes pollution levels equivalent to those at Sudbury, it should not be

taken as a true projection of succession but rather as a suggestion of the

possible directlon of successional trends (see sections 2.3.3.1 and 2,7.

In addition to potential reétrictions on the siting of a smelter in the Study
Area and differential susceptibilities of the dominant vegetation, the suscep-
tibility of undisturbed areas in any given zone depends on soil attributes.
Déeper soils with higher cation exchange capacities, such as those found in the
southern part of the direct impact belt, should‘prove less susceptible than

shallow soils with low exchange capacities. Soils with a thicker forest floor

layer should suffer less impact from heavy metal loading than those with thin

~humus layers such as the Newfound soil type. Table 26 illustrates the relative

susceptibility of the seven development zones to air pollution impacts, based on
the important attributes in each zone and secondly the susceptibility of the

zone to certain types of impacts.

2.9.2.1 Zone 1--Although both the vegetation and soils of zome 1 suggest that
the zone 1s highly susceptible to alr pollution damage, siting of a smelter
wlthin the zone would likely violate class 1 air quality standards in the BWCA.

Therefore, the zone is probably protected from potentlal direct alr pollution

“damage.
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"~ TABLE 26 SUSCEPTIBILITY OF DEVELOPMENT ZONE
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COARSE TEXTURE
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HEAVY METAL LOADING

‘ CLASS Il €0, DAMAGE
IMPACTS

CLASS ! AND Il 80, DAMAGE
ACID RAIN

MORE SUSCEPTIBLE | | Less suSCEPTIBLE

SUSCEPTIBILITY TO IMPACTS IS BASED ON ZONE ATTRIBUTES. THE TABLE ASSUMES
THAT SC2 DAMAGE ARISES FROM A SMELTER LOCATED V

i MITHIN THE ZONE IN QUESTION
AND THAT ACID RAINFALL 1S REGIONAL iN DISTRIBUTION.
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2.9.2.2 Zone 2-~Zone 2 shares the natural suzsceptibility of zone 1. Agaln, the
proximity te the PMCA, and the exitreme emission control requirements this would
likely place on a smelter all suggest that siting decisions will make it unlikely

that alr pollution will have a major impact on Lhe vegetation and soils of this

ZOTi2 e

2,9.2.3 Zone 3--5Should a smelter be developed within zone 3, the potential of
soil acidificati§n on sandy outwash soils is high., Acidification is most likely
to affect soils of low buffering capacity such as those found on conifer stands
with outwash goils. Overrvein (1972) reports leaching of gutrients, and Likens
and Bormann (1974) reports reduced forest growth in Sweden as a result of acidi-
fication. Slowed decomposition, whether from acidification or heavy metal
loading, has the effect of reduciﬁg forest growth.. Such-a reduction hag an

especially high impact in areas like zone 3, which contains roughly 20 percent

of the young plantation and clearcut within the development zones.

Catalysis of the SOp——-% §03 reaction by ferrous particulates could be

-expected to occur in this zone because of the highly developed taconite industry

on its western edge. Cowbined with the ecosystem properties discussed above,
the increased rate of acidification may make this zone the most susceptible to

air pollution impacts.

'2.9.2.4 Zone 4--Potential impacts of air pollution in zome 4 are similar to

those“in zone 3, The proportion of the developﬁent zones in plantations and in
taconite operations is cowmparable for the two zones. Portions of the zone on
outwash soils could be espeé&ally susceptible to both acidification and heavy
métal loading. The open, discontinuocus canopy of much of the upland aspen arvea
wi;hin this zone lends 1tself to a higher natural iucidence of the shoestring
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root~rat fungus (Armillorvea mellea) which rises dn dncidence when host trecs

(aspen and pinc) are under auy condition of stress, including pelluticu.

2.9.2.5 7Zone 5--About 20 porcent of the gsolls in zone 5 are likely to be vziz-
tively susceptible to acidification and hoavy matal loading. The prowimity =il
extent of taconite operations within the zone is less than 1n zones 3 and 4, T4t

the probability of catalysls of the S09—--% 503 reaction by ferrous par—

ticulates is still high.

2,9.2.6 Zovne 6—-Although soils in zone 6 have a high buffering capacity, t

thin forest floor layer may make them espccially susceptible to heavy—umetal

loading. At present, this zone is the only part of the development zones exhi-

biting elevated levels of HF, probably associated with the presence of a power

‘

plant (Krupa 1977). These elevated levels suggest the possibility of wmultipie

effects of pollution from HF and 609, Altbough the effects of this com-

bination of pollutants on forests similar to ‘those of the Study Area are

M
&}
Fe

unknown, their effect on vash soileg could be especially susceptible to both

[

dification and heavy metal loading. The open, discontinuous canopy of much o
the upland aspen area within this zone lends itself to a higher natural inci-

dence of the shoestring root—rot fungus (Avmillarea mellea) which rises in inci-

dence when host trees (aspen and pine) are under any coundition of stress,

including pollution.

2.9.2.7A 2one 7--Zone 7 1s underlain predominantly by Newfound soils, whose thin
forest floor lafer makes them especially susceptible to heavy metal loading. 1In
addition to the effect of the soil 1tself, large portions of the zone were
burned in the Palo-Markham-Aurora fire, which reduced the litter layer.

Although the acreége of susceptible young conifer plantations is less than in
zone 6, large zreas of aspen and birch are now being'harvested. If these areas
are'conve;ted to pine, the total acreage of susceptible species in the zone will
be increasced.

163



2.9.3 Mitization and Reclamation
pllbisatjlon and heetanation ,

Ltttlé can be done ﬁo reclaim arcas that have been aflfected by widespread chro-
nic alr pollutioﬁe Damage may not even be visible but may take the form of
depressced growthe Liming is only effective In wmitigating soil acidification 4if
it can be mixed into the upper soil horizons. 1It, therefore, appears that tha
best corrective weasure with regard to air pollution is prevention. Siting of
smelters away from young, scnsitive conifer plantations and in areas having
soils with a high cation exchange capacity can reduce potential impacts. On the
basis of .the Study's models and literature réview, it appears that heavy metal
loading of soils poscs the greatest potential threat because of its effect on

forest growth. Reduction of the modeled levels of metal particulates emitted

from all sources to 1/5 to 1/10 of the modeled rates could restrict the areal

extent of damage from heavy metal loading to the smelter site and its immediate
é .

environs. Management of areas immediately adjacent to a smelter for resistant

(white spruce) or rapidly regenerative species (aspen) could reduce the impact

of accidental fumigatiocus.

In summary, communities in the northern two =zones afe most susceptible to air
pollu;ion because of properties of their soils and vegetation, but the class 1
air quality standards in the ?WCA‘afford some protection from smelter dévelop-
ment in zones l-and 2. Zone 3 is the most likely to suffer from air pollution
because of the combination of susceptible soils and vegetation with the presence
of ferrous particulaﬁas, which increase the possibility of acidification. Zones
4 through 6 are most likely to sce smelter development, if such development
occurs in the Study Areca. Zone 6 1s most likely to be affected by serious
pollution problems because of elevated UF levels from power plants and proximity

to urban centers. Of these zones, zone 4 is the most susceptible to acidifica-
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tion and vadisturbed areas of zone 6 to heavy metal loadlog. Zone 7 is probably

least susceptible. Although solls are susceptible to heavy metal loading, they
.have a high cation exchange capacity, communities ave casilly regenerated, and

and in zone 7 ferrous particulates are not expected to be prescent in significant

quantities. .

P,
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2,10 THPACTS OF SEEPAGE FROM MINING WASTES

2.10.1 General:Digcussion of Stress

This section counslders the problems asvociated wifh the releasce of toxic
materials from the by-products of wmining and swelting operations (i.e.

tailings, wasterock, lean ore, and slag). ' Although the area affected by pollu-
tants from these materials 1s not as large aé, for ewxample, that affected by air
pollutants, scepage problems are Jmportant to terrestrial ecosystems. Impacts
may be either internal (ise, within the waste materials themselves) or external
(e.g. aslmight result from the leakage of heavy-metals-containing groundwater
into lowland ecosystems). Problems gencrated by internal factors may initially
be éhe most obvious, because they often affect efforts to establish vegetation
on materials that lack an existing plant cover. TIn these situations, chemical
factors interact with harsh physicai eavivonments to make revegetation dif-
ficult. Leakage problems are perhaps more insidiéus, however, both because they

affect already established ecosystems and because they have the potential for

contaminating much larger areas (as when leachates enter aquatic ecosystems).

External seecpage problems arise when waste materials are located in such a way
that leachates from them contaminate thé surface waters of lowland ecosystens.
Because of the large number of bogs in the Study Area; it is unlikely4that large
areas frée of lowlands can be located and utilized for waste‘disposal. For
exampie, one storage site 1s currently located near a white cedar stand adjacent
to the Erie Mining Company's Dunka Pit. An examination of leaching problems
associated with this large stockpile provides an excellent preview of possible
situatlons that might arise elscwhere (see Volume 3-Chapter 4 for further
details).
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Heavy-metal-contalning leachates were first obscrved here at a groundwater seop
Seep 3) in 1975. During the swmer of 1976, Study personnel who were investi-
gating the leaching problem observed that plant life In a bog near Scep 3 was
undergoing stress., The foliage.of several plaunt species appeared chlorotic and
in 111 health. During 1977, samples of vepetation were taken for chemical ana-
lysis. Elevated levels of nickel were observed in the foliage of white cedar,
speckled alder, and sedge. Transects that bisected the area in N-5 and E-VW
directions show that tissue levels are highest near the origin of the ground-
water seep (Figures 50a-c). The results of soils analyses in this area also
show highxnickel values at stations close to the seep (Figure 50d). It appears
that uptake by séils is rvestricted to the surface layers of the peat, which are
expgsed to flow. Uptake is a progressive phenomenon extending concentrically
déwnstream from the locus of contamination as exchange sites in nearer soils are
filled. Because most bog plants are shallowly rooted, it is probable that they
will be affected mainly By the chemistry of the top 30 cm of peat. Foliar
nickel conceutrations were typically 30 to 60 ppm and reached a maximum value of
23? ppm for alder at the sampling station closest to the stockpile. Nickel con-
centrations in leaf samples collected at a control site 500 m away averaged 11
ppm. Foliar analysis for elements other than nickel (Cu, Zn, Ca, Mg, and Fe)
showad that only iron occurred at levels that were consistently'higher’at Seep
3. In addition to the tree, shrub, and herb samples, lichens from selected sta-
tions\were analyzed for Pb, Fe, Cu, S, and Ni content. As with the higher
plants, only iron and nickel values wefe higher than background levels (as

reported for lichens by Nieboer et al. 1978, Laurentian Unlversity, personal

communication).

Fipures 50a-d
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The high concentrations observed in.tissues‘qf plants at Seap 3 supgest that
nickel 1s the most labile of the elements studied. Copper, tor example, is high
in water draining from the stockpile but not in;the foli;go%A This suggests ghat
copper may be bound by the organic soils of the bog and is Hﬂavailable to
plants. Alternatively, copper may be absorbed by roots bul wot translocated to
the foliage. In either instance, copper remains inaccessiblo to herbivores and
thus does net enter the food chain‘(althéugh éome copper may he taken-up by ani-
mals that take water from the bog). Nickelz by contrast, ia translocated to the
foliage vhere concentrations exceed the 50 ppm level that in often considered to
be phytotoxic (Krupa 1977). The high nickel content of lichens, which receive
few pinerals from their substrate, suggests that this elemoni ig cycled iﬁ
throughfall, and studies detailed in Volume 4—~Chapter 1 indicate that nickel is
transpdrteé beyond Seep 3 and is beipg concentrated in the.ﬁediments and

mnacrophytes of Bob Bay in Birch Lake.

The studies at Seep 3 do not conclusivel rove that nickel {g ine the
1% .18 causing

disease symptoms cbserved in the bog, but foliar concentralfons are much higher'

than those observed elsewhere in the Study Area, and the reesylts certainly

suggest that nickel is a potentially serious phytotoxic poliutant associated

with copper-nickel mining wastes. More research into this jipgsibility is

.

clearly warranted and should receive high priority in the event that an actual

mining development is proposed.

Although dther metals do not appear to be causing problems at Seep 3, they might
in situations where soils are more acid. The soils of Whiég cedar bogs are
generally nutrient-rich and well buffered. Water flowing through the bog ﬁas a
pH of 5.5 to 6.9 and values in areas where heavy metals copncantrations are
highest are 6.0 or highcr.. Thus, the acid;metal Interacting discusséd earlier
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' does not appear to present problems for plants. Many bogs in the Study Arca ave
much more acid, however, with colls of the Greenyood soil seriecs having values
‘of 4.0 to 5.0. Iancid bogs received heavy—metélwcontnminatéd runoff, addi-
tional problems might arise., Most metals are more labile under acid conditions,
and the greater availability of hcavy metals could combine with higher acidity

to produce a more toxic chemical eavivonment. Seep 3 may represent an example

of the least susceptible typa of wetland, and the results presented above should

be applied with caution to other areas, since these might be affected move

drastically by seepage from stockpiles.

Waste pile seepage will be primarily a post-operational problem because during
operétion seepage can be collected and recycled. Once the mill is shut dowm,
there is no longer a use for this contaminated watér audlit woul& either become
a non-point source of waper pollutioh, be treated, or some method found to eli-

minate the discharge altogether (no methods to eliminate such waste are pre-—

sently known).

2.10,2 Susceptibility of Development Zones

As is the case with direct land use, vegetation damage caused by seepage 1is
éxpected to be restricted to the development zones. Baecause of the proximity of
the BWCA, seepage of toxic materials is of greatest concern In zone 1, but is
generally éf concern in all areas north of the ﬁaurentian Divide (zoﬁes 1, 2, 3,
and part bf 4). Soils of these zones generally have lower cation exchange capa-~
cities and less ability to bind any metals being transported in surface runoff

from uplands to wetlands,

Flow is genevrally confined to thebtop half~meter of peat, but actual depths were
‘not measured for wetlands of various types in different geographic areas, Untril
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the depth of surface water [low and pll of bop waters 1s known for wetlands
throughout the aroa; 1t is lmpossible to assess any dlfferential impacts that
may occur from zoune to zone. Tt is likely that visible vegotatiop damagze will
cover largev areas In wetlande with shallower flow because soils will becuonmz
saturated move rapidly at ércater distances from the source. Site-spacific
studies of individual wetlands should be underfaken before potentially toxic

materials are stockpiled or disposed of in their vicinity.

2,11 TIMPACTS OF ROIGE

1

2.11.1 General Discussion of Stress

.

The impacts of noise pollution on wildlife are largely uninvestigated. Casual
observations by field biologists suggestAthat individuoal énimals‘and diffzrent
specdiles vary in their susceptibilitf to noise. Possible impacts of noise
include physical damage to hearing brgans, behaviéral changes ranging fren
changed land-use patterns to desertion of long~term nesting sites, physiclogical
stresses, and reduced tepfoductive capacities. Until more data are available

for wildlife, inferences must be based on studies of laboratory and farm zni-

mals.

Animals differ in their abilities to perceive sound as pitch, volume, aud toune.

The frequency ranges of most animals are lavgely unknown. Caution must be exesr—

=

cised in extrapcolating the results of studies from one species to another.

Effects of noise have been monitored by structural changes in ear anatomy, phv-
siological changes, and behavioral changes. Most studics on laboratory animals

ire levels (in decibels) and for

have exposcd thew to sitimuli at sound prese
durations greater than would normally be encountered by animals in nature even

in Industrial arcas.
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Roth guinca pigs and chinchillas have cxhibited danape to the auditory system in

experiments involving exposure to sound pressure levels of 100 decibels or

greater. Because intense nolse s regarded as a stressful stimulus, several

D
'

studies have been directed toward the adrenal system. Txposure to very severe
noise stress can result in decreased adrenal activity and pathology in othern

organs influenced by adrenal activity. Because the reproductive organs are

directly influenced by secretlons from the adrenal gland, an importaht concern

is the detrimental impact nolse pollution way have on aﬁ animal’s reproductive

biology;' At present, the results of numerous studieg suggest that sexual beha-
vior of léboratory and farm animals is not adv rsgly affected by noise; but

mice, rabbits, and rats have exhibited abnormelities of the reproductive organs

or»décreased success of pregnancy related to noise stress (Zordic 1959; Zondik
and Isachar 1964; Singh and Rao 1970; Ishii and Yokébori 1960; Ward, Barletta,
and éay 1970). The noises to which these test animals were exposad were more
continuous than any that small mammals could be expected to experience even'at
the site of a mining operation (e.g. continﬁous ringing of a bell for 8 hours a
day for 1 to 21 days). However, the lower threshold at which such damage might

ur has no ecen investigated an 1@ possibility of such stresses to animals
occur h tb { tigated and tl bilit £ h stress to 1

with small home ranges very near industrial operations cannct be precluded.

Most experiments with agricultural animals and wildlife have suggested that ani-
mals soon adapt to persistent noises in their enviromment. However, there are
circumstances in which interruptive noises may interfere with key circumstances

.

in the animal's life cycle. For example, nesting terns and condors have been

shown to desert their nests temporarily when disturbed by sonic booms, blasting,
or traffic (Graham 1970; Shaw 1970). Behavior of individual species cannot be
pfedicted, for in another study on neize pollution and avian reproduction, Tecr
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and Truett (1973) were unable to demonstirate, that any phase of the reproductive

cycle of wild birds was adversely affected by noise,

“Nest sites of bald eagles aud ospreys dn the Study Area lie near the zone of

mineralization (Figure 35) and the possibility of disturbance of these nests by
noise should be consideved. A secondary impact of increased mining in the Study
Areca 1s associated with projected increascs in human population. Recent
rescarch has docﬁmented the effects of snowmobiles on white-tailed deer and
suggestg that even though the overt behavior of the animals.may not change
(Bollinger, Rongstad, Soom, and Ecstein 1973), their heart rate may increase
from the normal 30 to 40 beats to 300 beats per minute (Karns 1977, MDNR, per-
sondl communication). Studies in St. Croix State Park (Huff and Savage 1972)
have shown that deer leave the conifer cover type where heat loss is less and

move to the more exposed hardwood type when snowmobile activity 1s high,
) L

Activities related to mining are likely to create continuous noises (hauling
trucks, ventilating fans), interrupted noise at infrequent'intervals'(train
whistles, sirens, blasting) and persistent interrupted noises (back-up warning
whistles). No studies are available that consider the potential impact of these
noises on wildlife, Within the Study Area, wolves observed within 10 km of open
pits responded to sirens by howling back. Logging operations have occurred
within 1 km of an active eagle nest, and deer, moose, and wolves have been
observed within 1 km of the pellet plant at the Erie Mining Company (Dickenson

1978, Barr Engineerin ersonal communication).
H & S ]

Because the impacts of noise on animals are unknown, the bast way to assure that
no impact is perceived by target specles (such as eagles and ospreys) is to
leave a buffer zone hetween mining operations and target animal-use areas.
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A sound prupagation’model developed for the Regional Study‘(Volume 3~Chapter 5)
can be used to ankticipate the distances required before mining noises will be
completely imperceptible to the human ear. These distnncesrvary with the kind

of noise being generated and the vegetation type in the vicinity of the recéiver.

Wind levels and noise propagation within vegetation types vary seasonally.

For examnple, preoperational noises are expected to resemble logging noises and
are modeled to be perceptible at a distance of 7 km in red pine but 3.8 km in
birch. The distances at which an underground mining operation can be heard are
less thag for an open pit. It is anticipated that if ventilating fans are pro-
vided with noise barriérs, noises from underground mines will be heard to a
diséance of 5 km. Similar distances are projected for interrupted noises such
as railroad whistles (4 km) and back-up warning,siénals (5 km). Wildlife in the
ared is already exposed to these noises from the taconite industry. hevuqknowu
impacts on nesting eagles and oeprey are most likely to affect developument in
zones 1 and 2, which are the furthest fromAexisting mining operatious.

Blasting, the noise most likely to affect birds, was not considered in the

Regional Study's model. . .

2.11.2 Susceptibility of Zones to Noise

A

0f the four anticipated impacts on terrestrial ecosystems, only noise is likely
to produce iImpacts that extend throughout much of the Study Area. 1In addition
to Increased noise levels related divectly to mining, which will affect mainly
the development zones, it is likely that the general noise level outside these
zones will increase. Elevated noise levels may be cxpected wherever increased

densities of residences, traffic, or recreation are projected, Such noise
? 3

levels may affect the distribution of animal populations, particularly of thosc

animals more shy of humans such as wolves and boreal animals.
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Because of the higher proportion of conife; gtnnds and the .presence of cagle and
osprey nests In zones 1 and 2, as well as the relative isolation of éhese areas
at present, the impacts of mining-related noiséé can be‘expgcted to be somewhat
greatoer in these zones. WNoise impacts directly related to mining can be

expected to decrease southward as deciduous forests become more dominant and

sengitive animals decrease in abundance.
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2,12 REGCIONAL IMPACTS . .

2:12.1 General Diccusaion of Tmpacts

Seven tevrestrial biology divislons (Figure 452-p) were gencrated by cluster: zrz
lysis of watersheds based on similavities in dominant vegetation and soils.
Insofar as any given impact affects factors directly rclated to vegetation and
soils, its effect can be expected to be similar througﬁout a division. Pirect
fumigation, acid precipitation, and direcct removal of vegetation types usad Ly
habitat~specific animals are examples of impacts that should influence civisions
as units. Because each division consists of a mosaic of vegetation and soiIS;
just as detailed as those illustrated in Figures 34 through 44 for the dzvelap-
ment zones, differences in'susceptibility can be expected within divisicns.
Comparizons between divisions are made on the basis of broad scale vegetatiorn
and {soil characteristics. Three sets of factors are invelved in the assssszent
of potential impacts within these areas: habitat components (e.g. species o

animals, rare plants), potential impacts, and the probability of impacts

‘occuring where the components are susceptible.

"Susceﬁtibility" can be interpreted either as the effect on a component within a
division or as the overall effect that impact Qithin a division would hzve ca =
component in the Study Area as a whole., The difference between these two
‘interpretations is exemplified by consideration of deeg susceptibility. of
Division 1. Within the division there are few deer, they are highly cor-
centrated geographically, and they are under heavy predation pressure. Active
m;ning within their wintering area could eliminate them from the divisiocn, but
the effect on the deer population within the Study Area as a Qhole would bé
slight. Tor the purposes of this repovt, susceptibility is interpreteé in the
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latter sense, A population 1s susceptible in a division If an impact {n that

division may sigunificantly affect the number of individuals or presence of the
3
species within the Study Area as a whole,
Although some animals are habitat—specific (e.g. marten, fisher, otter), others
may range over several habltat types or may prefer a single habitat but are
located within that habitat on the hasis of behavioral and social traditions.
For example, deer summer-use arveas are closely linked to their wintering areas.
Some available summer habitat may remain unused because it has not been used
previously. Wolves provide an even better evample of the influence of social
patterns on habitat use, Territories are defended andAused year after year,
Individual wolves do not generally change packs or use the territories of other
packs for hunting. Dispossessed wolves are generally more vulnerable because
they may be forced into areas of low prey density or becoﬁe involved in inter-
: 4 :
pack rivalries. Known territories of wolves in the Study Arca do not
necessarily coincide with the boundaries of the seven terrestrial impact divi-
sions. Distributions of several other animals vary geographicelly in ways that
do not c;incide with boundaries of divisions. For this reason several of the

divisions have been subdivided along watershed boundaries to facilitate analysis

of impacts on animal populations.

Within any division, impacts will only affect components such as auimal species,
rare plants and rare habitats where the iImpacts and components CO*occﬁr. Thus,

although Qtﬁers may be susceptible in division 2, they will only be affected by
diréct mining activities that take place within their preferred riverine habiﬁat
(preferred habitats of animal species were presented in Tables 2, 3, and 4 and

ave discussed in section 2.4). A11 compornients will be affected by direct mining
within their preferred habitat., Rare plants and habitats will probably only be
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influenced by acute alr pollution damape and scepage very near a smelter or rock
piles. Thosc at a distance would probably remain unaffected. Tffects of acid
precipitation on components such as rare habitats are difficult to assess.

Cedar bogs shouid be no more susceptible to the effects of acid precipitation
than other terrestrial communitics. Those components that are directly depen-
dant on aquatic food sources such as fish and macrophytes may be affected by
acid precipitation. Decreases in otter populations could be expected to
parallel decreases in total numbers of fish (regardless of sgpecies). Preferred
moo se foogs {bur-reed, wild rice, and water 1lily) are most common in waters with
pH value of 7-8.8 (Moyle 1945) and can be expected fo become less available as
waters decrease in alkalinity. Species such as wolf and lynx tend to avaid cen-
ters of human population and their distribution within the area could be altered
by changing sesttlement patterns. Oﬁhers, such as bear and deer are attracted to
setélements (because of dumps, gardens, and openings). For bear this attraction
creates a greatev risk of being shot. ¥For deer it establishes use patterns near
reads, where they may be more susceptible to hunting. Table 13 is a synopsis of

the impacts that could affect each component.,

The proﬁability that an impact will occur within a given division depends on the
location of new miﬁing operations and settlement patterns. The matrix presented
in Table 27 is basad on models,developea by the Regional Study. Assumptions
were the same as those used iﬁ the preparation of Table 20. Mining activities
were assumed to be most likely in those areas where the mineral resource is
greatest, VFollowing this assumption, projected residential settlement patterns
to accompany mining development in zones 1-5 were used to asséss the probability
of increased human populatiouns (sece Volume 5-Chapter 7 for projected scttlement

patterns). Populations are likely to concentrate in divisions 1, 7A, aud 6B
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(sre Figure &5) according to these assumptions. Smelter siting was assumed to
follow the constraints discussed in scetion 2.9.2 awd presented in delail ia
Volume 3-Chapter 3. 1t was, therefore, assumed.that a swmelter could be located
anywhere throughout or outside of the Study Area except in divisions 1 and 74
(because of Class 1 air standards). Because visible effects of air pollution on
vegetation are only expected to occur during breakdown conditions and near a
smelter, there is a possibility that such damage could occnr withia any of the
othér divisions in the event that a smelter is located nearby. If developments

occur in areas other than those used in the models, such as a smelter located

outside of the development zounes, differvent divisions may be influenced.

Regardless of where development occurs, susceptibilities of components and habi-

s

tats to given impacts should be similar to those presented in Table 13,

Iabfe 27

2.12.2 Susceptibility of Divisions (see Table 18 and Figure 45)

‘Division 1 contains a large number of susceptible componenis related to the
boreal forest ecosystenm which are present in the conifer—dominated, thin-soiled
portions of division 1, The black spruce-jack pine upland community is ﬁreS?nt
in this division and division 2 but rare elsewhere within the Study Area. This
division s espééially important for the eastern timber wolf and contains
several known eagle and osprey nests. The division contains area used in
several long term research projecfs including a fire ecology study and terri-
tories of several wolf packs being studied by radio telemetry. The Keeley Creek
Research Natural Area, a USFS administrative unit, provides undisturbed stands
of aspen;birch and black spche~jack'pine of value to students of natural suc-

cession.
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Tupacts within the diviston are most likely to be those directly associated with

mining operations. The single most important factor would probably i

be divect
habitat loss. Seepage from wastervock and lean ore piles may bs complicated by
the fact that most wetlands in the division drain directly or indirectly into

the BWCA, which Is a unique wilderness area of considerable national importance.

Division 2 lies wmainly in the Complex Moraine_ﬁrovince and Toimi Drumlim Fields.
Uplands in division 2 are dominated by aspen—birch and by conifer stands, Alsong
the moraines nearly pure aspen—birch communities dominate, whereas to the east
and between moraines, mixed communities and 30 to 40-year—old conifer plaun-
tations are comaon. Large portions of the western part of division 2 have been
recently cut as part of the Baird Sale. Animals of the division are similar to

those of division 1, with wolf populations decreasing southward.. If mining is

confined to the development zones, division 2 would not be subject ta direct

3

habitat loss. TIn the event that the Dunka oﬁtwash area was judged hydrologi-~
cally unfit to contain stockpiles or tailings basins, these diréct uses might
easily be placed in division 2, resulting in loss of plantation and deciduous
habitat, Chronic effects of air pollution could be expected to be enhanced in
areas immediately surrounding the Stony River because of the open and less
vigorous nature of the aspen stands. Division 2 contains a high proportion of
shoreline of small streams suitable for otter and beaver. Such streams might be

especially subject to acidification from regional sources and a smelter in deve-

lopment zone 3.

Divisions 3A aund 4A lie almost entirely in areas very likely to receive direct

impacts from mines, stockpiles, and tailings basins. TIn addition to a great
deal of habitat loss, impacts from a smelter could be expected to include both
chronic and acute injuries. Division 3A lies within development zenes 3 and 4
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(Figures 40 and 41) and contalns a higher proportion of both upland and Towland
conifers than Division 4A. Uplénd conifer; consist of jack and red pine stands
near maturity and plantations betwaen the age of 1 and 30 years, Young plan—
tations can bhe expected to reach their most susceptible growth period during the
lifetime of a smeltér (30-40 years). Wetlands vary from ash and cedar to mixed,
tamarack and spruce bogs, all within the bed of Glacial Lake Dunka. -The
underlying outwash makes tﬁese communities esbecially susceptible to seepage
from stockpiles., Division 4A includes a higher proporﬁion of Newfound-Newfound
soils than 34, suggesting that upland soils in 4A may be more susceptible to
long*term'heavy metal loading than uplands in Division 3A., Vegetation of 4A
consists in large part of mixed deciduous and aspen uplands and véry young plan—
tatiéns that will §each their wmost susceptible rapidly growing stage during the
eﬁpected lifetime of a copper-nickel industry. Wiidlife &alues of division 4A
are probably lower than anywhere elsé in the Study Area. The division contailns
_a higher proportion of knbwn cedar communities thén most, including an area of

upland cedar east of Colvin Creek.

Division 3B is dominated by deciduous forests and agricultural lands. The divi-
sion could be expected to receive indirect impacts from fhe mining industry,
such as long-term chronic injury to vege&ation if a smelter is located in deve-
lopment zone 5 or 6. Secondary effects of increased human population would pro-
bably result in greater conflicts between bears and humans ana increased

visibility of decr.

Division 5, lying along the upper reaches of the St. Louis River and extending
north of Scven . Beaver Lake into the watershed of the North River, 1s not a homo-
geneous unlt, From south of Hoyt Lakes to just west of Seven Beaver Lake the
division ie¢ characterized by aspen~birch uplands on soils with thin litter
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layers but hiph cation cxchange capacltles, Mining in development zones 6 and 7

could easily result in babitat loss, scepage, and nolse impacts in the western

half of division 5. A smelter located iu the same development zonzs could peo=

duce acute vegetation damage near the smelter, chronic damage throughout the

western half of the division, and hesvy metal loading on the upland soils,
Waterways of the division are prime waterfowl habitat, the best such area sur-—
veyed by the Copper-Nickel Study. The value of the slow-moving streams and the
Sand Lake-Seven Beaver area for.waterfOWI could be reduced by acid rainfall.

' The eastéyn part of the division is characterized by a complex of conifer and
open wetlands. Organic.soils of these wetlands should have a greater capacity
to b%nd heavy metals.. Changes in rainfall chemistry might be expected to change
the appearance of the bog landscape where vegetation patterns reflect patterns
of nutrient dictribution in the waterflow of the bog. Wetlands in thé northeast

, part%of the division are the most extensive ombrotrophic bogs in the Study Area.
The chemisgtry of such bog waters is more dependent oun rainfall than on runoff

from nearby uplands. Such wetlands could be expected to respond differently to

altered atmospheric chemistry than other smaller more mineroitrophic wetlands,

Division 6A lies in the southwest portion of the Study Area and is generally

dominated by deciduous forests, with scatterings of agricultural lands and
conifer plantations. The assemblage of animals in the division is generally
fhat of northern Minnesota conifer—-deciduous forests including deer, woodcock,
bobcat, beaver, and waterfowl. Influeucés from copper-nickel mining in the
division would probably be restricted to secondary developments along transpor-
tation corridors aud increased hunting pressures, Division 6B lies south and

west of the zone of potential copper—-nickel mines. TFlora and fauna are similar

to those of divislon 6A, but the area includes most of the agricultural land of
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the Study Ared, as well as zeveral centers of populatioun.  Species favorved by
openings, cuch as woodcock and deet, can be expected to persist in division 64
even with the further growth of human populations that may result {rom mininz.
Direct impacts of copper-nickel mining would not affect this diviston. Clay

soils of division 6B should be less affected by heavy matal loading than other

soils within the area.

1

Divisions 4B and 6C are dominated by deciducus forest communities in the Toimi

Drumlin Field. Animals are more similar to those in divisions 6A and 6B than
division 2. Moose populations within the Study Area increase from west to east,

resulting in higher populations in division 6C than in 6A or 6B. Soils of thesec

divi

’

9]

ions include high proportions of Newfound soil, which has a low litter
weight and is susceptible to heavy metal loading. In addition to this soil fac—
.tor, the topography of the area could result in a pattern of differential nollu-
'tioé damage to vegetation with the west sides of drumlins developing damage
symptoms., Division 4 might experience direct habitat loss, whereas impacts in

division 6C can be expected to be minimal.

.
\

s s

Division 7A, in the northwest part of the Study Area, is similar to division 1
in its flora and fauna but includes more miles of shoreline, providing more
habitét for otter, beaver, and waterfowl. Aside from the region-wide influence
of acid precipitation, potential impacts of copper-nickel development within the
division can be eupecected to arise mainly from secondary development. Increased
populations could éffect the two known wolf territorics in the division as wall
as attracting bear and deer into arcas where they are likely to come into

conflict with psople. Although the plant communities ofvdiq}sion 7B are simllar

to those in 7A and 1, densities of deer are higher and those of hear are lower

"

8]

than in the other northern divisions. The division Is considered "susceptibl
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for rare plants because a lavrge number of herborium records for rare plants,
collected within the Study Area, are centered around Vermillion Lake. FExcept
.for the regional effect of acid precipitation, Jmpacts from copper—-nickel nmining

in division 7 would probably be wminimal.

2.13 POST SCRIPT

-

Thexe are many uncounted costs to the terrestrial ecosystem that are not usually
part of the cost-benefit analysis used to make development decisions. Some of
these uncounted costs arc cxpressed in the following discussion by Aldo Leopold

(1942) from The Sand County Almanac:

One basic weakness in a conseryation system based wholly on economic
motives 'is that ﬁost nembers of the land commuﬁity ha§e no economic
yalue. Wildflowers and songbirds are examples. Of the 22,000 higher
plants and animals native to Wisconsin, it is doubtful whether more
than 5 pevrcent can be sold, fed, eaten, or otherwise put to econcmic
use.. Yet these creatures are members of the biotic community, and if

(as 1 believe) its stability depends on its integrity, they arve

entitled to continuance.

When one of these non-economic categories is threatened, and if we hap-
pen to love it, we invent subterfuges to give it economic iﬁportanee.
At the beginning of‘the century songbirds were supposed to be disap-
pearing. Ornithologists jumped to the rescue with some distinctly
shaky evidence to the effect that insects would eat us up 1f birds
failed &o control thém. The evidence had to bereconomic in order to be

v ":'!1 jd °



It {s painful to read these clircumlocutlions today. We have no land
ethic yet, hut we have at least drawn ncarer the point of admitting
that birds should continue as a wmatter of blotlic right, regardless of

the prescnce or absence of economlc advantage O GSee.

Some species of trees have been 'read out of the party' by cconomics—
minded foresters because they grow too slowly, or have Loo low a sale
value to pay as timber crops: white cedar, tamarack, cypress, beech,
and hemlock are examples. In Europe, where forestry is ecologicaly
more advanced, the non-commercial tree species are recognized as mem-
bers of the native forest community, to be prescrvéd as such, within
reason. Moreover, some {like beech) have been found to have a valuabie
function in building up soil fertility. The interdependence of the

forest and its constituent tree species, ground flora, and fauna is

4
¥ .

taken for granted.

Lack of economic value is sometimes a character not only of species or
groups, but of entire biotic communities: marshes, bogs, dunes, and
"deserts” are examples, Our foruwula in such cases is to relegate their
conservation to government as refuges, monuments, or parks. The dif-
ficulty is that these cowmunities are usually interspersed with more
valuable private landsy the government cannot possibly own or control
such scattered parcels. The net effect is that we have relegated éome
of them‘to ultimate extinction over large areas. If the private owner
were ecologlically winded, he would be proud to be the custodian of a
reacsonable proportion of such areas, which add diversity and beauty to

his farm and to his community.
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In some instaunces, the assumed lack of profit in
, Ik

these "“waste” arcas

has proved to be wrong, but only after most of them had been done awa
(&3] )

. with...

'

The ecosystem characterization provided by this report should help identify some
of the elements of non-economic value in the Study Area and potential impacts
discussed in this chapter of the report should aid in making decisions before

some of these areas are lost for gencrations.
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