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copp.r per year, and about 2.4 million metric tons over 30 years. Several separate
ain....y be involved. (This size of operation was chosen as representative by the
RCNS; See RCNS, Vol. I, pp. 22-27 for additional discussion.)

3.1 w'3d U..

3.1 C.) Princip.l !!pacts. Mining excludes other uses of the 1an~ occupied by the
aiDe and by wa.te. diaposal. [RCNS, Vol. I, p. 31] Ninety perceilt of the area
likely to be conau.ed by new IIdning is now forested. Open pit mining, in particular,
.y con.....reas which are currently lakes or streams.

Kost of the land is n.eded f~r stockpiling of lean ores and for waste disposal.
The total land r.quir_nt for production of about 2.4 million metric tons of
copp.r ov.r 30 year. i. e.tiaated at 5,000 acr•• for underground mining and 10,000
.cr.. for open pit mining. [RCNS, Vol. I, p. 24] Lean ore and w.ste rock plles
for an open pit mine proposed by AMAX would be 500 to 600 feet high and cover 3,400
.cr••• S

The di.turbed land i. a potential source of contaminants to air, surface water.,
and Iroundw.t.r. The•• problema are discussed further in the following sections.

A r.l.ted i ••ue, not discus••d in this report, i. changes in land use due to human
.ettl..ent. which re.ult froa mineral development. [See RCNS, Vol. I, pp. 33-34]

3.1 Cb) TecbnololY to Raeluc. I••cta. New .thoels or techllololY clo DOt .ppear
likely to .ub.tantially reduce the lanel r.quirement. of copp.r-nick.l el.veloe-ent,
but the choic. of llininl Mthocl (UDcIerground or open pit) 18 very significant"

3.2 Water

Th.re .re two principal cl..... of lapacte to w.t.r elu. to copper-nickel dev.lop­
.nt: (1) tho•• lap.cta elue to wat.r use anel, (2) tho•• elue to water contaaination.

3.2.1 WATEll USE-(.) _acta. Developent vowel require large quantitia. of w.t.r.
ror an open pit aiD. proelucina 100,000 MtriC ton. of copper annually, aining anel
mi1linl is .stiMted to r.quire .bout 2.1 billion gallon. p.r year. AD unel.rlrounel
1Iin. of .qua1 procluctioo vowel r.quire .bout 1.3 billion pllona annually. For
cOllp.r1aon, curr.nt .micipal, rural elOMstic, anel irrilation us•• in the r.lion
.r. .bout 1 billion &al1ona .nnual1y, and current t.conit. lline oper.tion. (exc1ucl­
ing lline elewat.rinl) us••bout 5 to 6 bUlion gallon. annually. [llCIIS, Vol. 3,
Ch. 4, pp. 49-50]

In adelition to 1Iining and .t11ing, ...ltinl aad refininl operation. wou1el require
b.tween 1.6 and 24.8 billion aallou of wat.r annually, el.penclinl upon the .xtent
of wat.r recycl!D&. ....WliDI th.t lliniDa, 11111ina, ••ltinl, acl r.fininl op.r.­
tiOlL8 .r. vall-cl••ipecl to cons.rv. wat.r aDd _x1II1•• its r.-uae, there would
still be • ne.el for ..keup wat.r to r.p1ac. 10..... For an operation of th. .i••
• ntionecl (100,000 .tric tona annual copper procluction) thi• ..uup wat.r i •
• st:1Jlatecl to be 760 to 1,000 II1llioa. &al1ona per year. [IlClIS, Vol. I, p. 50]
Much of this wat.r c:a be prov1clecl froll coll.ction of rain (runoff) trOll within
the lI1ninl .rea, but .ppropriation of water trOll area .tr... and lake. i. likely,
particul.rly 111 dry year.. Becauee the deanel for w.t.r 18 f.irly constant _el
the .upply f1uctuat•• , stor••• on the ord.r of 3 to 5 billion gallons (10,000 to
15.000 .cre-f••t) vill be n.c....ry.
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Water .ppropriation is likely to entail some loss of fish and other aquatic life
in aff.ct.d .tr..... · Losses due to flow chang.s ...y occur vt:ile adne end adll
are op.rating, but recovery appears likely within sev.ral years of return to
normal flow. Chann.lization and diversion of streams could re.ult in significant
aDd lons-t.ra lo.se. unless mitigation measures are applied. [RCNS, Vol. 4, Ch. 1,
p. 93] Discharge of wara water could reduce trout and other cold-water fish popu­
lations in aff.cted steams.

Wat.r us. by copp.r mining could conflict with the need for water by exi.ting or
.xpanded taconit. adning in the region. 6

3.2.1 WATER US!--{b) TechnololY to Reduce !!pacts. Impacts of water appropriation
to lake and .tre.. life is reduced when the re-use of water is maximized (as was
..su.ed in the discus.ion above), and by other measures to ensure that water appro­
priation doe. not caus. extr... low flows in the affected .te.... Th.se mea.ure•
• y includ. s.lection of wat.r .ource. large enough to meet n.eds with little flow
chang., us. of runoff a. a water .ourc., and phased construction of tailing b..ins
and stockpil... I~act. of chann.lization and diversion can be minimiz.d by build­
inS curved channel., placing substrate such as large rocks in .tr~... , revegetating
.tre.. banks, and re.trictinS the lensth of channels. [B.CNS, Vol. 4, Ch. 1, pp. 87­
98] Th.rmal pollution can b. reduced by us. of cooling towers or by using the wast.
heat for oth.r purpo••••

3.2.2 WATE1l CONTAMINATIOR--{a) Iapacta. What.y b. the most significant environ­
mental issue related to copp.r-nickel dev.lopment i. contamination of .urface vater
fro. l.an or. and wa.t. rock pil••• 7 Contamination of vat.r i. also po••ibl. froa
an open pit.

Of _jor conc.rn is the r.l.... of heavy _tals (al.o .00000t1me. r.f.rred to a. "toxic
_tal." or "trace _tal.") into surfac. vat.rs. Copper, nickel, cobalt, and zinc
ar. of main conc.rn b.caus. they ar. lik.ly to b. pr•••nt at JlUch high.r concentra­
tiona than other toxic heavy _tals (such .. silv.r. lead, cada1ua, and arsenic).

Wat.r which .av.. ov.r or throush vast. rock pil.s or lean or. pil.s will coll.ct
_tals and oth.r _t.dals. Thi. proc••• is called l ..ching. M a r ••ult, _tals
.y b. pre.ent in the drainaa. vater at 500 to ••v.ral thousand tiMs th.ir concen­
tration in natural .urfac. water. [ICHS, Vol. 1, pp. 62-65] Surfac. wat.r in the
r.siOD typically containa h..vy _tals in axtr...ly aall (trac.) ..aunts (2 ncro­
sr... p.r lit.r or 1•••). Increaains this natural ..tal. 'concentration a. little
a. 15 ti... has at le..t 801M pot.ntial for caus1ns advers. iJlpacta on aquatic life
ov.r tu.. [RClS, Vol. 4, Ch. 1, p. 79]

Mod.ls d.v.loped by the ICIfS indicated that uncontrolled di.charg. of wat.r leached
fro. a lean or. pile to .urfac. water., would contain ••v.ral diff.rent ..tals and could
b. acut.ly toxic to all aquatic orpnu.. The IlClIS .8t:laated that this dischers.
would be .quivalent in toxicity to about 8,000 aicrosr_ of copp.r per liter of
water (this is rouahlY equivalent to one-tbouaandth of an ounce of copper per pllon
of wat.r). With a di.charS. of this _pitude, the lars ut1aated thet all aquatic
life would eitber .ave away fro. the pollutioa. source, or di.. [RaS, Vol. 1,
pp. 64-65] once _tals concentrationa were reduced throuah dilution by a factor of
3 to 4, SOM fi.h could .urvive, but fev, if any, other aquatic an:laals (principally
invertebrate.) would be available for food. When the _tals concentration is re­
duced by a factor of 10 to 20 (to 800-400 aicrosr_ per liter) .OM additional
aquatic life will .urvive; but DOt until _tal. concentratioa. b reduced by a factor
of 80 to 90 will relatively larse nu.ber. of fi.h and.inv.rtebrate. be found. The
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area of watershed need.d to provide this degree -ij'c-dUution""{""a-aroUnd 50 square
ailes. For the iapacts to be too 8light to measure, reduction by a factor of 200
to 300 is n••ded, requiring about 100 square mile8 of watershed. [RCNS, Vol. 4,
Ch. 1, pp. 77-80]

Thi. example, and other examples developed by the RCNS, is based upon the a8sump­
tion that silicate minerals present in waste rock and lean ore piles will prev.nt
acidic conditions from forming. However, if acidic conditions do occur, the re­
l.a.e of metals I~ll greatly exceed the amounts estimated abov., resulting in even
mora s.ver. impacts if uncontrolled. The Minnesota Department of Natural Resources
(DNa) and the U.S. Bureau of Min•• ar. jointly study1ng the leaching probln.
Whether acidic condition. will occur cannot be d.termin.d with the data currently
available. 8

3.2.2 WATER CONTAMINATION-(b) Technolov to Reduce IIlpacts. During the p.riod
of activ. lRine and 11111 operation, runoff fro-. l.an or. and waste rock stockpiles,
and wat.r fro. ain. dewaterinl, can b. collected and treated to remove heavy metals.
The RCHS conclud.d that it may b. prohibitively expensive to treat larg. amounts of
runoff to reduce metal. concentration to the levels found in undi.turbed 8urface
wat.r. of the relion. [RCNS, Vol. 1, p. ~J] Thu.,.ome d.gradation of water
quality may occur, though it ..y b. within limits e8tabli.hed by 8tate r.gulations.

Howev.r. leaching doe. not go away when the ain. 10.. aw.y. Waste rock. pile8
coverinl ..veral .quar. 1111.. (in the ca•• of .n open pit IIlin.) will b. there in­
d.fiDitely, and have the potential for leaching for hundr.d. of year•• 9 Ideally,
land r.cl_tion technique. would b••ble to p.rmanently control v.ter contaa1nation
froa waste rock and lean or. pil.s, and froa an op.n pit. Howev.r, at pres.nt, DO

proven recl.-tion technique. have b••n d.-m.tr.t.d. Th. ORR and Bureau of Minu
r ....rch is .iIIad .t dev.lopinl _thou for removing metals froa runoff vat.r, and
they ••y the r ••ult. to data look proal.ing. Additiooal .tudi.s .r. plann.d or
propo.ed. lO

If DO r.cl...tion t.chnique. .r. found to b. adequat., coll.ction and tr.atMDt of
runoff _y be n.c••••ry for 1UDY. perhaps hundred., of year8. En.urins that aining
compani•• provide .uch tr••tMnt would b. difficult.

In .ddition to the probl. of toxic he.vy _t.ls, four .dditional w.t.r cont..1na­
tion probl.. have been identified: (1) the arounclv.t.r Gpo••d by II1nina _y in
SOM ca••• cont.in hiah concentration of salts, and could pollute .urf.c. vater.
when p-.ped froa the aiD., (2) .uapanded solid••y .nt.r w.ten fro-. land disturbed
by con.truction, (3) 1I1neral fib.rs .y be r.l....d by aine vast•• , and (4) pro-
c••siDi cbea1cals froa 1I111iDa operatics _y be ••ourc. of vat.r pollution. High
..It (.alin.) Irouadwat.r is best baDdlad by .ite-.p.cific studi.. if it is encoun­
t.red. Suapandecl solU. can b. avoided by usa of s.diMnt traps and prOllPt reveg.­
tatiOD of d18turbed laDd. ..1.... of .tDeral fiber. could caus. health probl... ,
but th.r. is COD81der.bl. d1saare-.ut on this. Proces.ina cha1l1cals vary arMtly
in toxicity and persisteDe. (i••• , the tiaa b.fore they are broken dovn to nontoxic
co.poUllds), and SOM cheld.cals should not be us.d b.c.us. of their toxicity. lRCKS,
Vol. 3, Ch. 4, pp. 190-192]

3.3 AU

eopp.r-a1clral cI...lo,.ant potentially could d.p'acl. air quality in ....ral vay••
The met 81pUicant 18 throuah sulfur ea1881on. fro. .altina op.r.tions. Other
potential probl_ ad... froll dust UlcI particulat.s and a.sociatacl heavy _tals.
Th... two ie••• are discua8i1c1 in ••c:tioll. 3.3.1 and 3.3.2 b.lov.
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3.3.1 SOLFUl IMISSIORS--(.) !!p.ct.. Th. major pollutant emitted by the copper­
nickel induatry is sulfur'dioxide (S02). smelting of 100,000 metric tons of copper
p.r y••r would generate on the order of 200,000 to 400,000 metric tons of sulfur
dioxide annually. If r.le••ed to the environment, this volume of pollutant would
.pproxt.ately double the sulfur .-is.ions released in Kinnesota. l1

Northeaat.rn Hinn.sota is probably the region of the state most susceptible to the
poteDtial t.p.ct. of .ulfur emis.ion.. [RCNS, Vol. 1, p. 36) Sulfur pollutants
.r. haraful to life, and could damage animal and human lung tissue, forests, vege­
tation, .0U., and fish and other .quatic life. Sulfur em:iseions can also cause
corro.ion or d.t.rioration of metals, limeston., marble, and oth.r buUding mat.­
rial.. t.p.ct. are di.cus••d in more d.tail b.low.

3.3.1 SULFUR IKISSIORS--(b) Technolosies to Reduc. Impacts. Con.iderabl. advances
haft be.n .d. in rec.nt y..rs in technology to control .ulfur oxide emissions
(prt.arily sulfur dioxid., but also sulf.te). Instead of emitting b.tween 200,000
&Ad 400,000 _tric tons .ulfur dioxide ..ch y..r, technology can enable a modern
...lter aDd r.fin.ry complex to lov.r its .ulfur dioxide ..is.ions by 95 percent to
ov.r 99 percent [RCNS, Vol. 2, Ch. 4, p. 5]: as a result, projected eaissions are
within the rang. of oth.r r.gional sulfur dioxide .ource. (taconite and pap.r in­
duatri••), aDd l ••s than, for example, • proposed 800-megaw.tt power pl.nt at
Floodwood, Kinnesot••

To •••••• the t.p.ct of sulfur ..i ••ion., the RaNS mod.led three smelter complexe.,
with .ulfur dioxide eDt••ion. of 12,300 ..tric tons per year, 5,500 metric tons per
y••r, and 2,000 _tric tonli per y••r, r ••pectiv.ly. Th. smelter cOllplex emitting
12,300 _tric ton. p.r year would not ...t current fed.r.l new .ourc. (.ir quality)
p.rformanc••tandard., but w•• mod.led to a••••• t.p.ct. which could occur if the.e
.tand.rd. w.r. not in .ffect. 12 The oth.r two ••lter model. would meet new .ource
performaDc••tand.rd.. Within this rang. of .xp.cted .ulfur dioxide emis.ion., no
dir.ct ....ur.bl••ff.ct. to land ant.al. of the r.gion .re .xpected to occur,
though indir.ct eff.ct. due to change. in veg.t.tion and .oil. .re po••ibl.. Sulfur
dioxide emi.don. within this rang••y c.use .ubtle da_ge to v.S.t.tion over till.,
.uch ••~•• to leav•• or reduced arovth. Howev.r, knowledge of th.se iapacts i.
v.ry limited .t pr••ent. Mor•••v.r. d_ge to v.g.t.tion would occur, howev.r, should
pollution control .quipaent fail for .v.n .hort p.riods of tille. [llCNS, Vol. 4, Ch. 2,
pp. 141-142, 153-154] For .xa.pl., • thr.e-hour f.ilur. of pollution control equipment
would rdea•• sulfur dioxide .ufficient to caus. visible injury to ne.rly .11 major
for••t tr•• speci •• within dx aile. downwind of the f.cility. '11l••xtant of damage
i. r.duc.d if wind and met.orologic.l condition. promote gr..t.r di.p.r.ion of th.
rel....d .ulfur dioxid.. EquiPMDt f.ilur.. are consid.red to b. likely to occur dur­
ing th. life of the facility. [RCNS, Vol. 1, p. 90] It is po.dbl., though coatly, to
install backup .quipment which would treat .ulfur ..i..ion. when the prt.ary control
equip-.nt f.U••

In the ~i.te vicinity of • ..-lter, .ulfur eat••ion. (.p.cifically .ulf.t.)
r.l....d during DOrmal oper.tion could have d.trt.eDtal eff.ct. on .qautic lif••
The &ClS estimat.d that • ..-It.r rel...ing 12,000 ton. of .ulfur dioxide and
usociat.d sulf.t. annually could ov.rload the buff.ring c.p.city (.bility to
neutralise .cid.) of .tr....nd lake. nearby (within 3 1111••). This would be
• probl_ p.rticul.rly durill8 .DOWMlt in th••pring, &Ad noticeable deer••••• in
fi.h popul.tion. could occur. t.p.ct••r. reduced .ub.tantially if Di••ion••r.
controlled to the l.v.l. of the oth.r two ...lter .04.1.. The potenti.l for d8aag.
1& highly v.ri.bl••ccording to the .8D8itivity of .urf.c•••t.r. to acidification,
ad .y or .y DOt be • probl_ d.pend1n& upon the choic•• of ..-It.r loc.Uoo.
[leiS, Vol. 1, pp. 55-561
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The extent that projected levels of sulfur ..issions would contribute to the
regional problem of acid rain is difficult to determine. Sulfur eB1ssions from
a ...lter would at least aggravate the existing acid rain probl... Aside frca
direct contribution of sulfate, sulfur dioxide from a smelter combines with atmo­
spheric oxygen and moisture to form additional sulfate, which may be deposited to
surface waters and to soils in an acidic form. Of particular concern is the
faster-than-noraal loss of nutrients from forest 80ils, which appears to be due to
acid rain, and that lakes and streams of the area may be becoming more acidic.
Long-term changes in aquatic c01lllllUnities may already be occurring due to the general
incre..e in acidity of rain (and thus surface water) of the region. [RCNS, Vol. I,
p. 43]

The demand for approximately ISO megawatts of electricity for mining, milling,
amelting, and refining would require additional power production, which also could
entail increased sulfur emissions in the region. The RCNS estillated that smelting
and refining would be responsible for roughly half of this electrical demand.
[RCKS, Vol. I, p. 25] In this regard, locating smelting or refining facilities and
their power source outside the region could reduce potential air pollution to the
reaion by shifting the pollution sources to another location.

3.3.1 SULFUR EMISSIONS--(c) Resulatory Issues. Existing federal air pollution
reaulationa classify the Boundary Waters Canoe Area as a Class I Prevention of
Significant Deterioration (PSD) area with regard to sulfur dioxide. The RCNS pre­
dicts that, even if a smelter 1s not built in the copper-nickel development area,
exi.ting and planned sulfur dioxide .ources (prillarily from taconite and electrical
power production) will degrade air quality to the maximua allowable amount, given
the development area'. proxt.1ty to the BWCA. Thu., it may be difficult to site a
...lter in the region, and if a amelter is built, it could preclude other develop­
..nt in the area. 13

3.3.2 PAllTICULATES AND HEAVY METALS--(a) Impacts. Heavy metals were described
earlier with reprd to water impacts from_terials leached frOll wute and storaae
piles. Heavy ..tala are alao an air quality concern, as airborne metala, particu­
larly copper, nickel, and cobalt, are released frca a S1D8lter. Aasuaing the ...lter
has moderate particulate emission controls, the accumulation of air-deposited metal.
is expected to affect soil. and veaetation within 12 miles of the amelter,14 after a
period of 25 to 50 yearl. These effects include a slavina of the rate of forest
leaf decOllPoa1t1on (and thua nutrient recycling) and reduced .eed aermiution, 'whicn
would affect natural patterna of forest growth and specie. change. [RCNS, Vol. I,
pp. 58-59]

In addition to the ..-lter, particulate. (and associated heavy metal.) are released
froa an open pit 1I1ne, from the 11111, and frOll blasting, haul roads, and blow-off
from vaste rock piles and tailing basins. Concernina iIlpacts to the land environ­
ment, th..e particulate. are the .ast t.portant and widespread air pollutant asso­
ciatecl with 1I1ning (exclusive of _ltina). With open pit mining, perticulates
fro. haul roads and vute disposal My be particularly iaportant because these
sourcea expose a large area to direct iapact. As with particulate. fro. a ...lter,
tba ..in envirca.eDtal effect. are due to the presence of heavy metall. [RCNS,
Vol. 4, Ch. 2, p. 142]

Aaother concem 18 that copper-nickel development (and ameltina in particular)
woulcl be the source of airborne 1I1oeral fibers. The fibers released would include
little of the a.be.tos-like fibers as.ociated with taconite develoPMDt. Nonethe­
les., the fiber. ere potentially a 81lAificant health hazard, though health 1apli­
cat1oD.a ere poorly UDder.tood at present.
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3.3.2 PARTICULATES AND BFAVY METALS-(b) Technolosies to Reduce Impacts. As with
control of sulfur dioxid.,· the technology ensts to remove metals froa S1Ilelter
...... Good gas collection syst.. can min1lDize non-stack ("fugitive") eIlissions,
and devic•• such as fabric filters and electrostatic precipitators can remove over
99 percent of the particles in a gas stream. Devices used to r-.ove sulfur dioxide
also remove particulates and metallic vapors. The area experiencing significant
air-deposition of heavy .-tale could be reduced to within 1.5 miles of the smelter.

The rel.ue of particulates frOil non-smelter sources (roads, waste piles) can often
be rriuced on a short-tera basis through the use of water and/or chemical duet
suppressant., and ov.r a long term by rev.getation (particularly of waste piles and
tai1ins b..ins).

Aa with sulfur eat.sions, existing federal air pollution regulations address resiona!
particulat. concentrations, and would be a factor in decisions regarding location of
mining operations.

3.4 Huaan Health

Workers ar. the population most likely to have their health affected by copper-nickel
d.v.l~t. Historically, dis.bling injuries have occurred due to underground mtn­
ina worldwide at a r.t. two to three tim.s that for open pit operations handling an
equivalent amount of or.. However, this figure may be biased by the record of old.r
operationa not r.present.tiv. of new saf.ty technology. [RCHS, Vol. 1, p. 88]
Nickel dusu fra. nickel refin.ries have b••n • cause of lung cancer. Bec.use cancer
usually dev.lops only after 20 to 30 years after the initial exposure, the effective­
ne•• of .xistina controls i. unknown. Dust., sulfur dioxide, and .ulfuric .cid mist
have caused chronic re.pir.tory dise.ses in workers .t other U.S. copper developments.

Th. RCHS examined s.ven U.S. counties where copper or nickel mines and/or smelters
ar. oper.tina, and found indic.tion. of increa.ed d••th rates frOil respiratory cancer,
.ccident., and c.rdiova.cular di....... The actual cause. of these increase. have
not b.en det.rain.d.

Th. RCNS estt.&ted that anticipated .melt.r relea.e of .ulfur dioxide and sulfate.
i. not .xpected to have .ianificant effect. on human health. Short-term breakdown
of pollution control equipment could cause discOilfort to nearby population., and
could caulieprobI"·-to·· iilij-rtlvi--liidlvlCiWilS: .

leI.... of h..vy metal particulate. froa a ..-lter could reault in increased level.
of metal. in body ti.su.. of person. living nearby. Th. health implication., if
any, ar. not w.ll und.rstood, exc.pt in the cue of lead (which is not expected to
b. r.l....d by a Minne.ota ...lter in appreciable amounts).

Th. llCHS conclud.d that • new _.lter ..y .void uny of the h.alth probl... docu­
_nted with re..rd to .xisting ..Iter., due to exi.ting fed.r.l lavs and resulations.
[1CR8, Vol. 1, pp. 67-69)
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Popp.," Ope cit., p. 5; and .tatement by P.ul Eg.r, Division of Hinerals,
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