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" FAST FACTS ABOUT MINING

Every American uses an average 40,000 pounds of new minerals each year.
Mining has tonched'.less than 1/4 of 1 percent of all the land in the United States.

Nearly 300,000 people work directly in mining throughout the United States.
Employment in industries that support mining, including manufacturing, engineer,
environmental and geological consultants, accounts for about three million jobs.

Processe_:d materials of mineral origin account for 5 percent of U.S. gross domestic
product.

Only 3 million acres of public land, about the size of a single county in Nevada, have
gone into private ownership from mining, compared with 94 million acres granted to
railroads and 288 million acres as agricultural homesteads.

Minerals account for exports worth as much as $6 billion per year. U.S. exports
- minerals and materials processed from minerals are worth $26 billion.

| Your tél'ephbﬁé.is ma.cie"c')f alummm, bery&um coal, copper, gold, iron, limestone,
silica, silver, talc and wollastonite.

Without boré_n,' copper, goid and quartz, your digital alarm clock would not work.

Everything from the carpet (limestone, selenium, lime, soda ash, zeolites, bentonite,
titanium, sulfur, diatomite) under your feet to the doorknob (iron) on your door comes
from mining.

The United States is the world's second-largest producer of gold, which in addition to
jewelry, is used to make computer circuitry.

A television requires 35 different minerals, 40 minerals are used to make telephones
and 15 minerals are needed to make a car.

America's copper mines rank second only to Chile in production. One mine alone
(Phelps Dodge's Morenci) produced 1 billion pounds of copper in 1996.

The average miner makes $43,653 per vear in salary, not including overtime, bonuses
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L and benefits.

U.S. metal/nonmetal miners reported only 4.95 injuries per 100 workers in 1995, a
lower rate of occupational injuries than grocery and department stores, hospitals,
restaurants and even hotels.

The United States is the world's leading producer of beryllium, molybdenum, phosphate
rock and salt.

Investment in technology, training and equipment has made the U S, mimng industry
the safest in the world.

Minerals such as boron, clay, kaolin, sulfur, talc, titanium and trona are used to help
make paper.

To return to the home page, click here.




THE IMPACTS OF MINING ON THE ECONOMY OF WISCONSIN

1995
Value (}f m;nerais zmned in Wzsconsm ............................................... $420,901,000
Direct contnbutlon tc federal- gcvemment TEVENUES ...oovvvneeeeeeeennnn. $24,595,000
Wzscensm s Dl}.rect Econozmc Ga.m ﬁ'cm Mining ............... e $608,016,000
Including: . = .
Personal Income Galn of et $111,568,000
Business Income Gain In-State of ........................ 112,103,000

Business Income Gam from Other Statesof ........ .. 357,120,000
State aﬁd Lacal Govermnent Revenue Gam of ... 27,225,000

The Indlzect Gam from Dn"ect Gams e $3,815,329,000
Includmg e

Personal Income Ga;n of .................................... $698,734,000

Business Income Gam of .................................. 2,972.212.000

State and Local Govemment Revenue Gain of ..... 144,383,000
and : -
WlS{Z();{}SH} 'S Indzrect (}a:in ﬁ‘s)m Interstate Incame F lows R SS 283 137 000
Including; - g ST "

Persenal Income Gazn of ................................. $i 763,835 OO(}

Business Income Gain of ©..eeooeereeeeeeeee 2,276,818,000

State and Local Goverﬁment Revenue Gainof .....3 13 ,387.000 -

Federal Govemmem Fuzids Gam ef ...................... 929,097,000
Wxsconsm S Camb;ned D1rect zmd Indtrect Gain ... $9,706,482,000
Including:

Personal Income Gainof ............................ $2,574,137,000

Business Income Gainof ................................. 5,718,253.000

State and Local Government Revenue Gain of ..... 484,995,000

Federal Government Funds Gainof .................... 929.097.000
Total Wisconsin Jobs Gained, Directly and Indirectly ... 98,800
Wisconsin Jobs Gained, Directly ... 2,200

Source: Western Economic Analysis Center - Economic impacts by State
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Mineral Resources, Environmental Issues,

and Land Use

Carroll Ann Hodges

Contraty to predictions from the 1950s through the mid-1980s, persistent shortages of
nonfuel minerals have not accurred, despite prodigious consumption, and world reserves
have increased. Global avaiability of raw materials is relevant to policy decisions re-
garding mineral development andland use, Justification for environmertal protection may
exceed that for mining a specific ore body. Demand for environmental accountability is
rising worldwide, and new technologies are enabling internalization of costs. Mineral-rich
developing nations plagued by inefficient state-owned mining enterprises, high popula-
tior: growth rates. and environmental degradation could realize substantizl benefit by
reforming government poficies to encourage foreign investrent in resources and by

appropriate allocation of mineral rents,

The extent o which LS. nontuel muner-
oy mdustries, and thereby the nation, are
whversely affected by land restncrions and
environmental regutations, and public ad-
vogacy thereof, has fong been Jebated (1-
41 A presumed consequence of such reseric-
nons s the Jdeparture of metal mining com-
pantes o less Jeveloped nations. The rela-
rve impartance of factors such as labor
osts, exploration potential, political stabil-
iy, and mvestment incenoives, as well s
LS. foreign policy mncerests. s seldom ac-
tnowledged in this Jebate.

In the five decades since World War 11,
the volume of nonfuel minerals <onsurned
has exceeded the sum wral extracted from
the Earth throughout all of human history
ap to mid-century (3Y. The cconomic
growth that ensued with the rebuilding of
war-torm nations atter 1945 fueled massive
zxpansion of mineral extraction and uniliza-
ton, generating widespread concern that the
world's mineral endowment would soon be
Jepleted. In 1968, Park (6) contended that
growing world population coupled with ever-
increasing consumption of the world's finite
resources would lead mevitably o interna-
tional conflict and thar if steps were not
taken to address the issue of pending re-
source exhaustion, such conflicts could well
shatter the world before the end of the X0th
century. Alse in 1968, Ehrlich (7) forecast
diminushing resources unable to sustain the
exponentiat growth of human numbers, and
Hardin {8) emphasized the grave environ-
mental and social consequences of uncon-
trolled human reproduction. Soon thereaf
ter, the Club of Rome tssued Limiss 16 Growtk
(9), with its gloomy predicrions ahout min-
erals exhaustion in the face of eVer-growing
population and industrialization.

Yet, despite the specter of resaurce scar.

re autror § wath the US. Geciogcal Survay. Menio
Park, CA 34025, USA,

ciey that has prevailed throughout much of
this century. no sustained mineral shortages
have uccurted. Even the economically Jdis-
rupting ot crises of the 1970s and 1980s
were brought on not by pending global
exhaustion of ol but rather by political
erievances. Furthermaore, the Jermse of the
resource-rich Suviet Umion has added an-
ather magor varable w the equation of
matenals supply and demand.

e o toe o s i )

eariv T billion people per Jecade, human
population is growing faster than ever and,
at s present annual race of abour 1.7%
(13}, will deuble from 3.7 killion to 10 or
2 billion by abour the vear 2035. Thus. it
s inevitable thar muneral consumprion will
continue o increase. About 95% of global
population growth is occurning in che de-
veloping world (13, 14), where consump-
ton s growing rapidly, but the Jeveloped
world st:ll consumes the bulk of mineral
commodities. The United States, wich 263
aullion people (4.5% of the world toml), s
the third most populous natwon. after China
and India. In 199C, U.S. consumprion of 10
major ferrous and nonferrous merals in-
cluding that in goods exported) was shout
10% of world production {12}

Histovical perspective. 1 1900, the Uniz-
ed Srates was essenmiafly self-sufficient in
most metals. Legal codes, notably the Gen-
eral Mining Law of 1872, and technological
nnovation  fostered  exploitation of the
tand’s mineral wealth so rapidly and suc-
cesstully that w was widely presumed North
America possessed a unique sbundance of
minetals {(15). Indeed the United States

SCIENCE  « VL. 268« 1 JUNE 1965

retnains the world's largest praducer of raw
minerals (16, i7), but it now relies wmcreas
ingly on imporss trom a wide Jivesiy o
suppliess {(Fig. 1), as Jo most other nations
World trade 15 expanding dramanically, n
cluding that in nonfuel mineral commedi
ries (Fig. 2).

Shortly after World War 1. concem
about tuture LS. minerals vulnerabdicy be
came  paramount; resources had  beer
stretched by two world wars, and war wa
then flarmng i Korea, in 1950, Presiden:
Truman appomnted the Commission on Ma
terials Policy 1o assess America’s positor
and to recommend policy necessarv to mee:
resource needs over the next I8 vears, Ir

1952, mmssion ssued 1S compre
hensive, Janc repdre. Resources for Free
dom (| anv ot'irs premises are pertinem
foday, #eh though the commussion’s fore

casts of worldwide mesals usage by the yea
1975 were wvastly underesumarted: By tha
mitd-197Cs, consumpuion of most key meral:
(aluminum, copper, 2ing, chromum. 1ron

4 | manganese, and nickel) was a¢ least owict
!} that predicted. The forecasters had faled 1

! anticipate the ncredible rebulding ane
economic boum in postwar Europe and Ja
pan +19). Incontrast, consumprion of mos
metals in the United States was somewha
fess than predicted, partly because the 1n
dustrial infrastruczure in thus countey afre
World War Il was undamaged and thrivine
The notable exceprion was aluminum. con
sumprion of which was nearly eight ume
the 321,000 metnic tons used i 1958, com
pared with the predicted twotold increase
the entire tree world consumption of prima
v aluminum was more than nne tmes tha
used in 1950 {Table 1), whereas the forecas:
was for only twice as much {18, 19}

Such appenizes tor the world's resource

led to the proliferanion of wamings of im
pending crises in munerals avadabilioy (4,6

9, 20-22). but despire prodigious consump
tion of minerals since World War [1. knowr
world reserves of most major minerals in
creased from the 1940s through the 1980
(Table 2) (19. 23, 24) and. as currench
estimated {25), are robust (Table 3). Fur
thermore, the prices of most merals fodag
1ave S Rltie R i <constanie=dotlies )

AP 50%eans (11, 24, 26, 277

Although cyclical, the trend (Fig. 3), exem

plified by cupper (Fig, 43, has been luvel o

downward since about 1350, despue weei

erated production. which might have has
tened Jepletion. '

130¢
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where—have resulted from advance
- aeologic knowledue, new rechniolugies,
“in the case of gobd, hagher real prices.
the face that little exploration occurred
me and berween the world wars (9. T
nologicai zmprm'emctnt': I mining

: eﬂ COMMNGAS 85 ICCMI2INES Metal negr the any
TEEN Sureaa.. 2f Mines. nciudes TESEIVes. wr«
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: on of raw steel requires 0.60 ton of ferrous
Ol

10Mmic expansion w
1950 and 1974 bue
ably, in large parr because of the oil crises;
consequently, growch rates of metals con-
sumption Jeclined substantially (Fig. 6), re-
sulting in worldwide surplus inventories (30,
. 31). The cconomies of Japan and western
Europe leveled off after r
World War 11

esis
onomies with infrasmucrures
become ‘increasingly tied to

d)

: SEE
it AT

Price (cents per pound

axcent for iron, atich . -

- ‘Pesarve base
0 10% metne 1ons
© o contained

’ metal)

28,000,000
580.000
230,000,000
130.000
110,000
10.000
330.000

then slowed consider- -

hetr blazing recov-

1920 1930 1940 1950 1960 1970 1980 crap. In 1990, recveled sceap accounted tor
i T el e R N A sutstantial fraction=of 1ol U S etals
‘asiexcraordinary berween

consumption (Fig. 8). Of all the wold ever
mined, 85% 15 thought scill to be in use,
storage, or collections, :
‘LContrary. to. mid-century expecrations,
ninersl s pi_i"e_s_.-‘«*»métallic’-f‘*aﬁd"‘njonmetaiiic.ﬁ:g
are now.thought to be adequate for the next
100 years ‘ordso (19, 34. 35). Markets will
“ontinue 6 Be cvelical, but indicring e
+that new production, recycling, substiru-
.~ tion, and technological innovation will rise
"0 meer th :

Fig. 5. U.S. goid production and world goid price
- Constant 1987 dollars: 1992 values are asti-
mates. [From (7))

|

high cechnology and service industries that
require less intense use of maw matenials,
0 miniatunzation,  econotmies of
scale, and substitution (19). This STage ap-
pears to represent a “structural saturation of
demand" (31), not simply a temporary.Jrop
in’demand. Rapid rechnological advances
have delivered new marerials and new prod-
ucts—=Céramics - and “composites * {derived
from more abundant non i 13 O
in addition o pervasive p SR1L siabsti-
tueing for metals to some degree (32). - i
Recycling shas increased sienificantly:
throtghout the industrialized- world: (31
33) (Fig. 7); recycled se ;

[

ap i generall
cheaper source of metals, bécause of lowas

‘energy costs, and i profita W
Parrica amﬁﬁms ! 7 o JE7

Recycling steel rediices energy consumption nism
by 61%. In the United States, one metric. empli

"Fertlizers

Nickst .,

™o o7
e
Lead

Cappor

Aluminyen

Stesl

101 23456780910
Growth of consumption {parcent)

Fig. 6, Growth rates from 1950 1o 1985 of world

consumption of major metals and TUNerais.,

{Adapted from (31) with permigsion from the Nat-
wral Resouwrces Center (CERNA), Pans|

Ab

Cu Feand Pb 2n  Sn
Stoel

Matai

Fig. 8, Amount of scrap metat used in the Urntedt
States as a percentage of total consumption.
{Data from 133)
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Wyoming {4 km from Yellowstone Nation-
al Park and surrounded by designated Wil-
demess}, which has generated heated oppo-
sition and underscored arguments for Min-
ing Law reform (38). Contrary to the mind-
set of 100 years ago, a growing segment of
the U.S. population today places higher
_value on natural assets other than gold,
particularly on public lands. Where once
mining was widely regarded as the “highest
and best™ use of land, irrespecuve of irs
sutability for other purposes (the concept
the Mining Law of 1872 sull.
¢}, ¥ederal lands “are "now valved for
meinple resources: wilderness, histonic sices.”
widitte, or scenery, for example (39, 40).
Even though metallic and nonmetallic min-
ing operations, past and present, occupy
~-onlv a small fraction of toral land ares in
- any countrv {0.25% of the United States as
of 1980, one-tench of which was metal min-
gl {41, 42), the scars are long-lasting, and
the environmental impacr can extend well
beyond - the .limits _of - disturbed ground
thn ir pothition and warer contaminas
tion. Mines are not perceived s compacible
hiwildemess

) '

egacy
May 1994 of 1800
v:a Canad:an ¢orporation,
uctant Secretary of the Inte-
reonveyed title o gold resources repors-
. ediv valued a¢ $8 billion to $10 bitlion, in
«-exchange for $9000. In addition to this land
and resource subsidy, federal tax law applies
-deplenion allowances ranging from 3 to 22
o mare than 50 mineral commodities. Oth.-
T mirung countries commonly zlso provide
- subsidies 10" domestic minerals industries

: ,m_b!y:ac_id

operating at home or abroad (44, 45). This.

legal lack of full accountability has helped
to keep metals cheap on the world market.

Environmental resources—such as warer,
fand. air, and wildlife—have constituted a
public commaons, seen as free and unlimited,
throughout most of the warki (8, 27}, But
thuse commons have been vesited by trage-
dy. In the United Seates. 52 abandoned
mines have been designated Superfund sices
by the Environmental Protection Agency
(EPA), largely because of toxic effluent, no-

but the't . ado,
where 2 Canadin company went Funkrupr
1992 after extracning 28C.000 ounces of-
gold: the clean-up tab may be as high as
3120 mullion. The total bill for all of these
Superfund sites is estimared at $12.5 billion
w© $17.5 billion (46].

The mmmne wndustr’s smage has heen
damaged by ws past record, but having been
torced by regy '
change 1ts wa
effeceive tady
exhebues betre
The Hom '

ton and pubhc reaction e
and having found 1t cost- -

straints with new, efficient technology ™

(30). Increasingly, economic incennves re-
Iving on marketr mechantsms are the basts
for encouraging minerals industries to ad-
dress environmental prionines (50, 3§
If costs of environmental protection are

thus internalized in the industriahized world.
how likelv are’ mineral-rich developing ha- S

SCIENCE = VOL 155 » 3 JUNE (9095
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nons o follow suit? Are nanons beser b
paverty and growing populanions so e
for the financtal henefits of mineral expoer
that environmeneal degradation 18 inconsc
quential relarive to gains from resarce ex
plottation! Indications are thar demands 1.
environmental  accountabibiey  are risin
among Thied World nations. and they an
heing heard by both policy-takers and in
dustry (42, 50-34). In med- 1991, an inter
nanonal conference in Berbin on “Minin.
and  Env wnt' ey '
el

tdusrries and magor finding |
Among these cundelines are (11 thar
pariies must Ureconize cnviruenenral
management.as a hieh proany, notabd dors
ing the Licensing process . and Get “En-
vironmentil accountabdioy i oindusrey anld
government must be established at che
highest munacement and  policyv-making
levels.” There are 12 more sndehines ol
Aressed 1o the munerabs sector and 10 5o
develupment assistance acencies all direces
d toward ensuning protgcnon ot the olobe

lenvironmintal svsrem.”

“The Internanonal Council on Merals

tiand the Envircnment (1CMEY Smprean

i el

wd

nattonal and maltnanond metad com-
tesand reprosennnale countries, wors

1ou] the Minim -
fivirenment Reésearch N 'tk e
fnthe Unired Ninadom, 2 ool
find it help tuneral-producing counrres
pFrovesenvionmental i management and
protection by capitalizing on the lessons
ledened 1nandustrialized nanens Sed. The
Mmuing journal's Environment Supplement
ot 19914531 noted that nerther pollucion

WRpnges rom -
: > vOortd b reqinred o
adhere to enviconmental standards smp e
bv their own societies 15 thev Jevel g

cocproyéets elsewhere around the ciobe, 4 oon-

cluston vowced also by former EPA Chier
Retlle (5. L

Although minerals were consprcuous -
their absence at “the highly pubiicied
*Farth Summicin Rio e laneir in fune

“1992) environmental sensmviey was . v
+ the concepr that the polluter pavs for e -

ronmeneal damage was widele embriced
1993 seminar in Zimbabwe 0
small-scale mining further underse.red o
mand for enviconmental responacdin

“the part of nvestors i devel rmen:
‘projects (35). Even the Wordd Bapk b
added. as of 1937, enmvironmenty: iwcs..



ments 10 its modus operandi (59) Bank  mineral community in addressing environ-  the educational starus of women) are incen-
Presidenc Preston has stated that payingtoo  mental issues is criical. : tive fc)r rcduct:on m femhw (13, 704) «

litele attention 1o the environment was the . Is the concept of sustainable cicv{pbp
worst mistake made by the World Bank in" “ment applicable to the extractive minerals
its first 50 years'{60). Environmental regu-. . industry? Can ever larger. suppl ini
lation is here 10 stay. and likely to becom ineral concentrations

more wuiespread more stringen better :

enforced (42,51, 5 ) N it mental fesources, and how long can st

b b - bodies bc austamed’ Acco o

nduct could improve the indus, " ; ‘be priced rea
try's crad:b ity in rscffommdcmunsuam '_mt:caily in order boch 0, accon modate.

minimal and pooiiy nfor
nations, but mulnnano




owned mining company produced over
400,000 metric tons of copper in 1989,
which political interference had reduced to
less than 50,000 tons by 1993 (68). Zambia
has had a poor record as well, relying on its
copper industry while permirting its agricul-
wural infrasaucture © collapse {66}, Despite
a sharp dmp in mineral commodity prices in
1975, mining continued to siphon labor
from agriculture throughout the 1970s; the
Zambian government was forced to retain

~high wages-for copper miners while telying

on imports for necessary foodstuffs, thus
consuming much of the rent acquired from
rmmng and thereby falling vicrim o
"Duech Disease™ (54, 61, 69). Today, per
capita income in sub-Saharan Africa is less
in constant dollars than i was in 1960 {65),
when countries began to gain indepen-

dence. A widespread decline in per capita,
countries be- |

income occurred i mining
tween 1975 and 1987 (Fig. A1} for several
reasons, including the economic downtumn
throughout the industrialized: world. :More
recently, these nations as 2 whole “have lost
one-sixth of their commodity exporr eam-
ings over the past two years due to falling
commaodity prices” (70). There was also the
relencless increase in  population. - The
World Bank.- (71} estimates that over the
next 40 years, the population of sub-Sahar-
an. Afnca will mpie 1o 1.5 billion. The
impact of these’ growing: numbem A72) s
cause for concern,. pamcuiariy as industries

0 20 40 s B0 100
Ptmhmefbwumm
Fig. 10, Nonfuel minerat commodity exports as a
percaﬂzage of total exports for selectad courtnes.
Mmmgcmmnes"aresmsewmsenmh:elmn
eral expons have accounted for 40% of total ex-
ports at least once since 1975 (661, [Data from
UN. Conference on Trade and Developmant,
Adapted from (66} with perrmission from Resource-

es for the Future, Washington, D.C.}
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_strive to bccome competitwe in: the world

market through increased productivity, of-
ten with consequent reduction in work
force.

The former Sovier Union is an ex-
ceptional case; its excraondinary mineral en-
dowment made it virtually self-sufficient
throughout the Cold War. Yet, despite vast
natural wealth (and a low population growth
race of 0.5%), Russia and most of its neigh-
boring states have experienced economic
collapse, selling off stocks of mineral com-

- miodities ac bargain prices and depressing
world market in metals such as aluminum,
nickel, and chromium (17, 25, 73, 74}, The
metals sector is now the biggest foreign ex-
change eamner after oil and gas in the former
Sovier Union states collectively (75); it is
also a notorious source of pollution {76).

There are more exemplary nations, how-
ever. Chile has overhauled its paolitical, eco-
nomic, and legal systems to ‘capitalize’ pro-

ducrively on its resource wealth, diversify its.
-economy, and ‘address environmental con-:

“cetns. (13, 41..63). Lsiccwzse, Mexico has

now locked in by the North American Free

Trade Agreement (NAFTA) {79). Bolivia, -

wh:ch gnacted s Cenemi Enumnmemal

Law in 1992, has shown i mcreasmg Support -
for privatization. of mining’ interests  (80),
- having recently put into place @ new, broad- -
“based capitalization law thar advances_;pn-"' s
vatization of five. ma;or state companies, :
- ;ncfudmg : ied rin p

: QHLL; Pernaps-

least coniducive to ferexgn investment {82).
Dependence on state-owned enterprises for
mmerai gmducz n -'nimuc:h of Afnca has

T ¥ l

0 W0 2000 3000

Par capita Income (1987 doilars)

Fig. 11. Per canitancome for selectad countnes.
iData from the Word Bank: figure adaoted from
(66) with perrmussion from Resources for the Fu-
ture, Washington, 0.C.}
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been counterproductive, to a large exte
because of the ancillary social services suc
companies have been required to provi
(82). In those developing nations endow:
with a significant mineral. resource bas
governmenrs must assume the gbligation

maximize rents derived therefrom by aterac
ing foreign investment and teforming fisc
and regulatory policies. Rents captured fro
mineral development and exporr can in

more d vemﬁed econormies, ensunng cot
unued viabilicy of mining industries throue
the infusion of private capizal. and buddic
independent structures dedicated o e
hancing social welfare and education (83
Intemalization of environmental costs ¢
the private sector must be required 1o mur
gate the current énvironmental toll. Sour
Africa and Russia, both major minerals pr.

" ducers and both embodying elements of
 First-and Third Waorlds, now have the o
- POTURItY 1o reverse ‘the historical record .
made important ‘changes to attfact foreign o
investment ‘in the mining secror (77, 78),

mmeml-dependmr nations by encouragir
mining enterprise and judiciously managir
mineral rents for long-term national goals

“Multinational ‘mining ‘companies a
eager 1o “explore in favorable count
whirever. geological, political, and soci
j.condluens areconducive 1o investmer
(61).: Ne:ther_cnvuonmenzai regulatic
nor_lack ‘of sufficient infrastructure is

:-".ma;or_:_deterrem if other. factors are opt
: 'mum but: w1thouz goicmmcnt stabilit

Jassurance .
multination
‘corporations  in s:ather expioratw:: or J
-velopment is unlikely.

‘Inthe final. an,alvms, it thay very well t
in:'the ‘best interests of the industrialize
world for mining firms 1o generate jobs ar
incomie in ‘resource-rich’ deveiopmg cout
tries. Transfer of technology, training, ed:
cation, and environmental. stewardship a

- .Tmajor steps toward mitigation of both por
-erty and pollution, ‘the downstream effec
+“of which may include eventual reduction :

fertility—albeit these countries constitu
bur a small fraction of the world populatc
problem.

Conflicts and trade-offs in resource dece
opment, If resource exhaustion 15 not like.
to be of serious concem globally for o+
foreseeable future, then established land-u
priorities may need revisitng. Can b
United States, and the world. afford 1o 2
sign higher priority to environmental cor
<emns! Shouid a decision to develop an or
body now take into account the global cor
text of both minerals availability and ecc
logical resources?

To illustrate the contlicts and trade-ot
that can arise between resource Jdevelop
ment and environmental protection, cor |
sider the 1ron deposit in the Nimba Mour
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tioral Council on Merals and the Environ-

ment. Such a self-policing rolé would seem

to fall squarely within the Environmental 1o
Charter agreed 1o by members of thar group.
The Mount Nimba project represents the
sort of dilemma the mining industry and
developing nations are likely to confront
with increasing frequency as hinterlands
contmue to disappear around the world.

tains of Guinea, where a large ore body has
long been known. Reserves of high-grade
ore {66.5% iton) are esrimated at 350 mil-
lion metric wons (84). A consorrium of
Western mining companies is gager to Jde-
velop the deposic; the governmene of Guin-
ea is eager for new mining rents and jobs.
However, -Mount: N:mﬂﬂw_ :
{1760 meters} i in the Nm
Africa, is in min : 7S,
ber of unique species, and in 1981; the ar:af
was designated a Wortld: Rmtage Site, ans
ecological preserve, by the United Nations’
{Yellowstone National Park in: the United
States is similarly designated). A Guinean
nongovernmental organization has mount-
ed a campaign against the project and en-
listed the support of a major U S. environ-
menzal group.
le might be asked if the world’s need for
iron ote is 5o great that mininig shonld take
* précedente over ecological value: Prc;pcascd-

Summary

srthenextseveral generauom
iven the lack of vending cri
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the struct ikt i :

Stqndard x-ray crystallography is usually
pertormed on inactivated enzymes or inhib.
ited enzyme complexes in order to prevent
the rapid reaction of substrate and time.-
dependent averaging of electron density.
However, polychromaric Laue cryseallogra-
phy, a technique whereby the X-ray source
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is & synchrotron, provides an increased race
for data collection so that the structural
details of intermediate complexes can be
visualized (1-5). Such Laue studies demon.
strate the possibility of visualizing rate-lim-
ited encyme-substrate complexes with very
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SCIENCE =+ VOL. 268 - ~ JUNE 19035

S s MR TS - 3 Jvagr B Sl

79. "Mrwng Industry Takes 3 Laow ar NAFTA ¢
Week 63, 7121 Seplemper 1903

80. W. P. Blacult-Mercado. Nat Resour Forum 17
{19531

81. “Boina Privatizing Quackly. ™ Piart's Mer. Waek 6§
{8 May 1994), .

82. World Sark, Minmng Unt, Inoustry and Energy
100, Strategy for Afncan Minng | World Bank, Wa
ington, DC, 1992),

83. Q. Bomsel, The Future of Menng Countries:
Strategres or the Restructunng of the Siate?, p
pared for Uneed Natons Conlerence on Trage 4

847GA Morgan. The Minersi Econirmy of Gurea W
Bureau of Mines, Washington. DC. 1992,

85. “Libenan fron Ore Miung 1o Resume.” A & 30
102 {1994},

86. K. Hona. presented at the meenng of the Wo
Hentage Commitee. Canagera, Coomma, 7 ¢
cember 1993,

a7, Economic imphcatrons of A Sovalty Systemn -
Hargrock Minerais (U.S. Depanment of tne inter
Washington. DC. 1993).

88. {thank mumerous cotigagues for trovocative discs
SOns, parculary £, A Trers, . . Schang, ¢
C. Frippet, G. Nash, W. P. Blacur. and S Straus
all of whom oftgrert valuapie commentary. Form
reviewers S. 0. Ludinglon, J. J. Byidba, and E.
Truars were PAMCUBRY heloltl in ther SUGgeshor
for wmorowng the manusenpt, as were 1. R So.
and B. R Lpm. Comments ov B. . Skinner, ¢
Brandon. A Cengrero, ang two anuovmous reaey
8r5 were most beneficial. K. Morta provides sorms
HON regaraing the Mount Numoa proect. 3, Gare
Crafted the dustrations. The pasc concent of th
SROT 1S 3 Broduct of My year's atihaton 11992
Stanford University. wnerg | devecred 3 course o
“Minerals ana Wond Atfars” as a wiSItng professe
i the Scnodl of Earth Scences, Lnoer the Mation:
Science - Foundanon's Visting Peolessorshins e
Wornien program. | inank the U 5. Geologea Surve
for PEMTIING Me 10 Conuinue s TESHArCH

fem of transient mrermediate species tha
normally are not race-himired.

Determmation of the structure of an en-
wvme-bound intermediate an 4 path of sev-
eral intermediates requires & methad of 1n.
ducing the homogeneous synchronied ac-
cumulation  of that partcular species
throughout ‘the crysal, dunng which ume
diffraction data may be collected. One sue-
cessful strategy has conssted of triggering
an mitial. synchronized rumaver eycle in
the crystal with a caged-type compound
{usuaily a chemically modified substrate
molecule that can be released by tlash pho-
tolysis). During the first round of caralysis
after photolysis. race-limited intermediates
accumulate and then decay, provided thar
the rate of all steps herween the il
absorption of photans and the tormartion of
the rate-limited intermediare complex are
sufficiently fast. As an afternative strategy
we now present the use of site-direcred
mutagenesis of kev catalytie residues mo cre.
ate kinenc bottlenecks a spectiic caralvere
steps in the averall reaction pathwav thar
mav then he used 1o derermine the SEFuCTUre
at distince intermediaites. Such complexes
fepresent steadvestate species thar accumu-
fate and persist 1n the crvstal in vase excess
ot other caralvric srares Jduring the course of
SJow turnover and Jdara vollection,
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significant long-term environmental impacts would be expected from construction of the pipeline
and outfall structure.

The groundwater alternative would require the disturbance of a total of approximately 80 to 150
acres or more for construction of the seepage cells, berms, roadways, and ancillary facilities,
Because the seepage cells would be used throughout operation and closure of the Crandon
Project, impacts would continue during operation and closure. Therefore, construction and
continued operation of the seepage cells would result in a greater impact than construction of
the pipeline for the Wisconsin River alternative. The seepage cell Jocations would all be upland
sites, so there would be no significant disturbance of wetlands during seepage cell construction.

5.3.2 Economic Considerations

The three alternatives were evaluated with respect to costs, including capital costs for
comitiuction of the treatment and discharge facilities, annual operation and maintenance costs
for treatment and discharge during operation and closure, and total present worth costs over the
life of the Crandon Project. The estimated capital, O & M, and present worth costs for each
alternative are summarized in Table 5-4.

" Present Worth

Prepared by: HIA
P Checked by: PAK

In order to evaluate the relative cost of each discharge alternative, capital and operating costs
were developed based on conceptual process designs. These designs were based on satisfying the
design wastewater flows, wastewater loads, and effluent limitation requirements. Capital costs
include equipment and materials, installation, engineering, and a contingency, and are based on
budget quotations from equipment vendors, quantity takeoffs using typical unit prices, and
miscellaneous costs typical for construction projects. Operation and maintenance costs are based
on estimated requirements for power, labor, chemicals, and maintenance based on vendor
information and treatment plant experience.

For each discharge alternative, a present worth cost was determined by calculating the present
worth of the operation and maintenance costs and adding this value to the capital cost. An eight
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percent per year present worth rate and a thirty year design period were used in the present
worth evaluation.

L

The costs for each of the alternatives include a base treatment system consisting of lime
treatment, pH adjustment, sulfide treatment, and filtration. All three aiternatives use this
identical base treatment system. Additionally, all three discharge alternatives utilize an identical
discharge lagoon system. The differences in the costs are associated with the advanced treatment
and discharge systems used for each alternative.

rge limitations: .

For the Wisconsin River and Swamp Creek alternatives, the costs include capital and operation
and maintenance costs associated with the discharge pipeline. The approximate pipeline
distances are 38.3 miles and five miles, respectively. For the groundwater discharge alternative,
the costs associated with effluent discharge include capital and operation and maintenance costs
associated with the seepage cells.

5.3.3 Other Considerations

The base treatment system which would be used for all three alternatives is proven wastewater

j treatment technology, with a high degree of reliability. This technology has been used at

: numerous industrial facilities including the Flambeau Mining Company in Ladysmith, Wisconsin.
The advanced treatment system for the Swamp Creek and groundwater alternatives includes
reverse osmosis, evaporation, and crystallization processes. These treatment processes are also
proven. technolog;es which ‘have been used to produce high-purity water in a variety of water and
wastewater applications. These processes also have a high degree of reliability. However,
because the Wisconsin River alternative would require only the base treatment while the Swamp
Creek and groundwater alternative would require advanced treatment processes, the treatment
system for the Wisconsin River alternative would have a somewhat higher level of reliability than
the treatment systems for the Swamp Creek and groundwater alternatives because it would be a
simpler system to operate and maintain.

For the groundwater alternative, limited investigations were conducted at five locations for
potential seepage cell sites. Two sites had preliminary indications that the soil types could be
suitable for construction of seepage cells. For both of these locations, extensive excavation of
upper soil strata would be required in order to expose underlying soils which potentially possess
the hydraulic characteristics required for a seepage cell system. Even if this were accomplished,
it is uncertain whether seepage cells constructed on these two sites would have sufficient capacity
to dispose of the treated effluent at the maximum flow rate of approximately 1,200 galions per
minute. For purposes of this evaluation it was assumed that the seepage cells at these two sites
would have sufficient capacity. However, more detailed evaluations of the capacity of seepage
cells at these two sites would be needed before this alternative could be selected.
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5.4 Alternative Selection

Based on the evaluation of environmental and economic considerations, a discharge to the

Wisconsin River is the recommended alternative. The reasons for this recommendation are
summarized as follows:

®

> g’s":%né?a?'iﬁiiﬁ-;#::id ‘i'.ii's';éé#aéiiéf solids ™
 required for the Swamp Creek and

ffluent limitations for discharge to the Wisconsin River would be met without the use of
vanced treatment systems. The lime and sulfide treatment processes used for this
alternative are proven technologies with a high degree of reliability. The Swamp Creek
and groundwater alternatives would require advanced treatment before discharge.
Although these advanced treatment processes are proven technologies with a high degree
of reliability, the treatment system for the Wisconsin River alternative would have a higher
degree of reliability because it would be a simpler system to operate and maintain. -

*- The technical feasibility of the groundwater discharge alternative is presently unknown due
to:the uncertainty whether seepage cells with sufficient capacity could be constructed and’
operated to dispose of the maximum wastewater flow rate,

JCPMLD2\G3CO4AREPORTS\R-WWTSTXMO00 Wastewater Treatment Facilities Preliminary Engineering Report
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CORRESPONDENCE/MEMORANDUM State of Wisconsin
DATE: March 14, 1997 FILE REF:
TO: Paul Didier WA/3
e
FROM: Pauletie Harder - W12 "\ | +
SUBIECT: Funding for Automonitoring at Hat Rapids Dam

) : i3S "___1schar¢ers Some past daia indicates
that the river may aczuallv be ShUhtIV over allocated and in need of revisions prior 1o
the Department being able to approve the Crandon Mine discharge. The attached
memo explains the tie between the proposed Crandon discharge and the wasteload
allocarion.

The Deparument has operated an automatic monitoring station at the Hat Rapids site
between 1984 and 1995. Loss of GPR funds caused us to shut dmwn this station in
e 199% Because we will have to redo the wasteload allocation during the Crandon
"mme review process, restarting the Hat Rapids monitor is a priority. 1 am requesting
supmrt from the Mining Fund to operate the monitor for a | year period starting July

, 1997 through June 30, 1998. Our cost estunates indicate that it should cost
be{wcen 54000 and $6000 to operate for a 1 year period. All equipment is presently
moth-halled at the site and merely needs to be restarted and maintained.

ft is especially important that the monttor be operating during field work Watershed
Management has scheduled for this summer to support the update of the waste load
alfocation.  Please let me know if use of the Mining Fund is possible for this purpose.
You can contact Dale Patterson (6-0153) of my staff with any questions or concerns.

Thank vou for considering this request.

C. Lois Aide WT/2 Tom Bashaw NOR
Bill Tans SS/6
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Appendix B . i‘:‘

Xt
PILOT STUDY DATA g /
The Crandon Mining Company conducted treatability studies to evaluate treatment processes and optimum
treatment conditions. Synthetic wastewater was generated from actual rock, ore, and groundwater from the
mine site. This wastewater was treated In bench scale (large beakers as treatment vessels) pliot tests at the
Foth & Van Dyke laboratory where the effectiveness of varlous treatment processes were evaluated. The effluent
was analyzed to the characterize the expected discharge quality. Bench scale tests can accurately simulate full
scale processes. The following effiuent sample from the bench scale treatability pilot study was collected on
April 26, 1985. (DNR split sample analysis done by the State Lab of Hygiene.)

PARAMETER CONCENTRATION

? Hardness

Ammaonia N

Total Kjeldahi N
Chloride
Fluoride
Phosphorus
Boron
Cyanide
Aluminum

. Antimony

¥ Arsenic
Barlum
Beryllium
Cadmium
Calcium
Chromium
Copper
iron
lLead .
Magnesium
Manganese

~3  Molybdenum
Nicke!
Potassium

; Selenium

Silver

Sodium

Thallium
Zinc

)

. m NitrateN e e e L

17 mg/L
830 mg/L

14 mg/l

7.14 su

1600 pmhos/cm
0.804 mg/L =~
0.217 mg/L

1.0 mg/L -

41 ‘mg/L

0.21 mg/L
0.026 mg/L
0.046 mg/L
<0.01 mg/L
61.7 ug/L

<2 ug/L

0.3 pg/L

150 wg/L
0.005 pg/L
190 mg/L

0.38 ug/L

5.7 pg/L

50 wpg/L

0.016 ug/L

87 mg/L.

4 pg/l
4.9 ug/L
14 mg/L
110 wg/L
0.02¢ ug/L
51 mg/L

800 mg/L

<1 ug/L
2.9 ug/L

" COD stands for.chemical oxygen demand. COD will always be a larger number t
oxygen dmnd)(uomts were obtained from the BOD analysis due to problems | N runnis

In

han BOD (blochemical
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State of Wisconsin \ DEPARTMENT OF NATURAL RESOURCES

Dear Mark:

This letter is in response to your gquestion about the biochemical oxygen
demand (BOD)} analysis conducted during the Crandon Mining Company treatability
studies. Specifically, you noted in Appendix B regarding the pilot study data
(June 28, 1996 "Public Concerns Regarding the Proposed Crandon Mine Discharge
into the Wisconsin River") that there were no results obtained for the BOD,
analysis due to problems running the test.

The problem which occurred in the Department of Natural Resources split sample
analysis done by the State Lab of Hygiene (SLH) was one of decreasing BOD,
results with increasing sample volumes within a set of dilutions for a single
sample. Given this circumstance, SLH rejected the analysis. Normally BOD,

- results remain similar as sample volume changes.

" The SLH analysis had this remark relative to this BOD, test, #Tokic.
25 mitliliters, 37 BOD, 5 milliliters, 60 BOD". The word "toxic" in the SLH's
e

Additional testing including whole effluent toxicity (WET) testing conducted
by Crandon Mining Company appears to show the Crandon Mining Company effluent
will not be toxic. The Wisconsin Poliution Discharge Elimination System
Permit, if and when issued, will regulate the discharge of toxic pollutants
and require regular WET testing.

ffect™ was observed in

Quality Natural Resources Management
Through Excellant Custormner Sarvice

Tommy G. Thompson, Governor North Central DWMM!
George E. Meyer, Secratary ‘ PO Box 818, 107 Sutiff Avs.
Dale T, Uirso, District Director Rhinelander, W1 BAB01-0818
TELEPHONE 715.388-8900

EAX 718.348-8632

TDD 7165-3665-8957
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Mr. Mark Patulski - February 6, 1997 °

U
[+ ]

RO g
l;‘“r +

This information was provided to me by Mr.. Steve Ohm, Wastewater Engineer,
here in Rhinalandqr.”mxﬁ_ypu_hgvp,gnyy uestions concerning this, please

contact Steve (365-8939) or me (365-8947).

Sincerely,

B v/%

Water Resources Specialist

JK:da

cc: Steve Ohm, Rhinelander Dave Webb, WT/2
Tom Bashaw, Rhinelander Paul Luebke, WT/2
Archie Wilson, Rhinelander Bill Tans, 55/6
Bill Jaeger, Rhinelander Jim Schmidt, WI/2

Mike Witt, WT/2
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occurred in the late 1970s and early 1980s before disinfection of effluent. Recent data has shown that
f clevated coliform levels have not been a concem.

 Fish in the Upper Wisconsin River main.stem
constituents. Northe e taken from the

the Health Advisory for mercury concent eate
Flowage are also on the advisory for mercury. Further information about toxic poliutants in fish for
other surface waters can be found in Table 4 and in a joint WDNR/Division of Health publication:
Health Advisory For People Who Eat Sport Fish From Wisconsin Waters (PUBL-IE-019-96REV), as
well as from district WDNR water quality staff.

Hazardous substances (PCPs, PAHs) have been discharged in the Merrill area (Watson 1995). Further
sampling of river sediment should be conducted adjacent to these facilities to assess conditions.

No major industries discharge to the main stem Wisconsin River between Lac Vieux Desert and
Rhinelander. This portion of the river remains relatively free of poilution problems. Between
Rhinelander Dam and Grandfather Dam, which includes the cities of Rhinelander and Tomahawk, the
river receives inputs of effluent. from point sources (Table.9). This section of the river is wasteload .
allocated (referred to as segment A from Hat Rapids Dam down to Grandfather Dam, 36 river miles).
Point sources in Rhinelander include Rhinelander Paper Company and the city of Rhinelander WWTP,
which discharges to the Pelican River. In the Tomahawk area, Tenneco Packaging, Inc., is a major
discharger to the Wisconsin River at Lake Mohawksin. The city of Tomahawk WWTP and T.R.C.
Inc., when in operation, are also significant point source dischargers. The violation of water quality
standards of 5.0 ppm for dissolved oxygen in a warm water fishery justifies the need for revising the
model for wasteload allocation for Segment A - Rhinelander Dam To Grandfather Dam (Fenske). Tt
ks et s cummb;ochamlc I onyeen e e

“Phosphorus (P) Toading in the Wisconsin River, via WWTP effluent, is another water quality concern.
Phosphorus is an essential plant nutrient, but in excess can cause nuisance blue-green algal blooms and
dense growths of aquatic macrophytes (rooted plants). These problems in downstream main stem
reservoirs already hinder recreational uses. Phosphorus loading should be reduced in the future as a
result of the adoption of Wisconsin Administrative Code NR 217, which requires both industrial and
municipal WWTPs to remove phosphorus from their effluent and maintain specific effluent limits.

Under Wisconsin Administrative Codes NR 105 and NR 106, water quality standards have been
developed for toxic chemicals in surface waters: appropriate discharge limits will be included in
WPDES permits for the protection of aquatic life, human health, and wild and domestic animals. To
determine if toxins are a concern, some municipal and industrial facilities will be required to test their
effluent. If toxins are a concern, appropriate water quality standards will be set for specific surface
Waters and effluent limits established.

Owners of the proposed Crandon Mine (to be located in the Upper Wolf River and Post Lake
Watershed of the Wolf River Basin near Crandon) are considering piping process wastewater to the

Wisconsin River for discharge above Hat Rapids Dam. The proposed mine is a zinc-copper sulphide
deposit. Groundwater pumped from the mine shafts would be treated and discharged to surface water.

139
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State of Wisconain \ DEPARTMENT OF NATURAL REBOUﬂcES

Tommy @. Thompson, Governor
George K. Meysr, Secretary
Dale T. Urso, District Direotor

TOD 71 8-385-8987

January 23, 1997

Dear Mark:

Thank you for attending the public hearing for the Upper Wisconsin River Water
Quality Management Plan (Northern Sub-Basin) held on December 17, 1996, At
that time you made a public statement for the record. This letter serves as a-
response to your comments/questions expressed during the hearing.

You were concerned over a pile of soil located near the Highway 8 bypass and
if it was contaminated. This material is dredge spoil taken out of the river.
It has been tested for heavy metals. Metals have been detected but are not at
& level of concern. I have enclosed the data for your review.

o

& We'have contlnaed to mcnltor through 1996_
This data is not yet available. As soon as I receive it, I

and inte 1997

will forward it to you. If you have any questions concerning the 1995 report,
please contact me.

n favor of placzng the automatic.

apzds At ‘the present time, the

: ting. statlon.p
DNR is loekxng at optlons avallable to try and re-establish this monitoring
site. We are also looking into using mining.dollars as you suggested.

Although. the_technalcgy may be-available to treat the Crandon Mine effluent to
s ' is ab £ charge _ '*H,-xve: they (Crandon
Mlnlng) are requxred only to meet the criteria of the surface water they
discharge to. In this case the law states that the water quality criteria and
effluent limitations are based upon a warmwater sport fishery classification
{(Wisconsin River) instead of outstanding resource water classification (Wolf
River). The DNR does not have statutory authority to tell wastewater
producers where to discharge their effluent but the Department does have
authority to regulate the quality of that effluent so that water quality

standards are met.

Quality Natural Resources Management
Through Excallent Customear Service

e




- "o
I hops this letter addresses your concerns that you made at thdfpubzic f
hearing. Feel free to contact me if you would like to discuss this furthe

363-8947,

Sincerely,

Jim Kreitlow
Water Resources Specialist

JE :da

Enc.
cc: A. Wilson, Rhinelander

D. Webb, WIl/2
B. Tans, S§8/6

]

. " Mr. Mark Patulski - January 23, 1997 {éﬁ 2, o

T. Bashaw, Rhinelander
K. Markart, Rhinelander
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CORRESPONDENCE/MEMORANDUM ~— State of Wisconsin

L

Date: January 24, 1996
To: Archie Wilson, Rhinelander Larry Maltbey, Rhinelander
Ken Markart, Rhinelander Linda Talbot, WR/2
Tom Janisch, WR/2 Bill Tans, EA/6
Terry McKnight, Rhinelander Bob Martini, Rhinelander
From: Jim Kreitlow, NCD
Subject: Summary of Wisconsin River Sediment Sample Collection,

Wisconsin River and Hat Rapids Flowage

Introduction

In September of 1995, five sediment samples were collected from the Wisconsin
River (two: samples in Hat Raplds quwage _three: samples ‘below Hat Raplds Dam)
for the purpose of gathering baseline streambed sediment data (see attached
memos for details on exact site locations). Samples were analyzed for metals,
nutrients, pesticides, total PCB’s, total organic carbon, and particle size.
The monitoring results are attached to this summary for your review. Field
sheets are available upon request.

:The:Pﬁfﬁcséﬁbf7tﬁiSisaﬁﬁliﬁgVﬁéé'tc.géthéthaséliﬁé $t£éémbedISedimeﬁﬁ data
for the purpose of establishing existing conditions. The Department felt

that this sampling was necessary because of the "potential" Crandon Mine
wastewater discharge at Hat Rapids Dam.

Methods

A See attached October &, 1995, memo which outlines the sampling methods used to
collect the samples.

Analvtical Results

It’s difficult to evaluate the results because of lack of streambed sediment
standards or criteria. To reach some sort of conclusion, I compared the
results to the "old"” solid waste sediment contamination levels for beach and
inland water disposal. 1 also normalized each sample environmental variable
(mg of metal per kilograms of silt/clay) so that comparisons could be
conducted between the sample locations (see Table 1).

Farticle Size

. Please see the attached memo which lists the percent sand, silt and clay for
/ all five sampling locations.




Archie Wilson, et al. - January 24, 1996

Metals

Field samples #1 and #2 (Wisconsin River above Hat Rapids Dam) appear to have
elevated levels of cadmium, copper, lead, mercury, selenium and zinc compared
to the downstream field samples #3, #4, and #5. These samples were collected
from the depositional zone above the dam. The percent of silt and clays are
also higher. A core sampling device was also used to collect these samples at
greater depth than samples #3, #4 and #5. Because of the dam, I believe there
is less scouring and more contaminants have settled above the dam.

The downstream samples (below the dam) are below the golid waste (beach and
in-water) disposal guidelines, with the exception of site #4 (mercury, .26
part per million).

Pesticide/PCR's

Site #2 was the only location that had any detectable quantities of pesticides
and PCR's, 1 feel these quantities are low.

Nutrients

Total Kjeldahl Nitrogen (TKN) and total phosphorus (TP) sediment values are
high in the pooled portion of Hat Rapids Flowages (Sites #1 and #2). Again,
this is probably characteristic of a depositional zone higher in silt and
clays. Nutrient values from Sites #3, #4 and #5 are much lower.

_NgrmélizAtion of the Data

The five sample locations were normalized to allow direct comparison of the
results between site locations. This can be done by using the following
formula: mg of metal/kg of sediment = mg of metal/kg of silt clay fraction.
% silt, clay fraction
expressed as a decimal

Again (Table 1), the results show higher levels of metals in the samples above
Hat Rapids Dam.

Discussion

The purpose of this sampling was to gather baseline data. Some minor
conclusions have been stated about the data. More detailed analysis of the
results could be conducted by Central Office if needed. They could provide
information on how these results compare to others around the state. Are
these values considered background levels or are they elevated above
background or are they at a level of concern? For more information please
contact Linda Talbot or Tom Janisch, Water Resources Management, Madison.

JK:da
Attach.
cc: Joe Ball, WR/2
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*How 1o Usx mis MERCURY AbvisorY (@

An important note rogurdf'_ﬁj. fish on the mercury portion of this advisory. Mercury is distributed throughout o fish's
muscle tissve {the part you sat] rather than in the fat-and skin. The only way fo reduce mercury intake is to reduce the amount of contaminatad fish you
- eat. aminales

Meal advice for mercury is presented slightly differently than for PCBs. The advice is based on the following groups:

Group 1

Pregnant women should
eat no more than one
meal a smonth of Group
1 fish.,

Everyone else may eat
unlimited amounts of
.- { Group 1 fish. Fillets aver-
" l'age 0.5 ppm mercury or
1 less. '

Group 2

Pregnant or
breastfeeding women,
women who plan to have
children, and ch 1

~ Everyone else should eat
no-more than 26 meals of
Group 2 fish a year. Eat no
more than 13 of these in any
one month. Space the
remaining 13 meals over the
rest of the year at rate of one
or two meals a
month. Fillets average 0.5 to
0.75 ppm mercury.

Group 3

Pregnant or
breastfeeding women,

Evervone else should eat
no more than 13 meals of
Group 3 fish a year. Eat no
more than 7 of these meals
in any one month, and space
the remaining 6 meals over
the rest of the year at a rate
of one meal a month. Fillets
average (.75 to 1.0’ ppm
mercury.

Group 4

No one should eat
Group 4 fish.

Skin-on fillets average
above 1.0 ppm mercury.

b

1 ExampleYouare ona
family vacation, fishing
on Lots-o-Fish Lake in
Chippewa County. You
catch a 25-inch north-
erm.

Medsure your fish fromthe
tip of the nose to the end of
the tail and determine what
type of fishitis. -

T S Y T TR T U

' Go to the table and find

Chippewa County; then find
Lots-o-Fish Lake.

Then

The advisory group for your
fish is under the size cat-
egory for the fish you've
caught,

A 25-inch northern from Lots-o-Fish Lake in Chippewa County is a Group 2 fish. If you decide to keep the fish for
eating. follow the advice for a Group 2 fish at the top of the mercury tables on page 30.

County/Water Fish Length {in inches)

. 7 Species <10 1012 12-15  15-18  18-22 22-26 2B-30 >30
Chippewa County el Tipi Fird the county. bt where
Lots-o-Fish Lake Northem Plke » * . 1 1 2 2 »

[ Tipt Find the typw of fsh you've cought hers. | Tipi Find the meal advice for the fish you've cought hers.

Tha number refers 1o the groops o the lop of this tobis.
= -ounty/Water Length (in inches)
:519;12#5 215 184 18-22 26-30

. Wisconsin River at Lake Alice. See Adams.
Juneay;, Sauk, and Wood Counties also.

22.28
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State of Wisconsin

| (9
CORRESPONDENCE/MEMORANDUM

DATE: December 13, 1995

TO: Jim Hurley - Research - Monona
David Webb - WR/2
Chris Carlson - SW/3
Larry Lynch - SW/3
Archie Wilson - NCD (by conference phone)

FROM:  Bill Tans - EA/6
SUBJECT: Mercury Issues Related to the Crandon Mining Project

Recently Chris Carlson initiated discussions with you concerning mercury as it relates to the
Crandon project. To follow-up with those discussions, I have scheduled a meeting for Tuesday

December 19, 9:06 a.m. in room 511, GEF 1L.

The two main issues are as follows:

Evaluating the Impacts on Mercury Availability from Increased Sulfates in Surface Waters
: Because there will be leachate leakage out of the tailings management area (TMA), groundwater
! with increased levels of sulfates would be discharged to nearby streams and springs. According
to Jim Hurley's earlier memo, ;__.i_fn_cr;ga;sgd-*léve%_s.;ﬂ_f{_:s_t_z_l__faijﬁ_;__(__:gqe_id-fér';cmasg the methylization.ef
_mercury in the sediments; thus making mercur much more big-available. ‘We will have better
“Pprojections of the level of sulfate in the groundwaler and the increase in sulfates inHemlock -
Creek after we have completed our review of the groundwater modeling. However, we know
there are 4-10 mg/L sulfates in Hemlock Creek now, and in our 1986 final EIS on the Exxon
proposal, we said this about the TMA impacts on sulfates in Hemlock Creek: "The mixing zone¢
concentration of suifate downstream from the groundwater contribution is predicted to be 6.9

mg/L."”

This raises a number of questions for our analysis in the environmental impact statement:

I. Assuming we can project the increased sulfate in Hemlock Creek and calculate the
increase in methylmercury in the sediments, does this translate into a comparable increase

of methylmercury in the water column?

2. Can we readily evaluate impacts of increased methylmercury on aquatic biota?

3. Will an increase in the sediment methylmercury mean increased uplake by the aquatic
life in the sediment and increased uptake by aquatic life in the stream?

4. How far down stream would the increase in methylmercury be propagated (e.g., to the
Wolf River about 15 stream-miles downstream)?




. Is there some level of methylmercury in ihe sediment that would translate into resultant

fish consumption advisories for humans?

6. ‘The Sokaogon Chippewa reservation is several miles downstream from the projeet site.
Swamp Creek flows through the project site and through Rice Lake on the reservation and
ultimately into the Wolf River. Would there be any effect on the wild rice populations

in Rice Lake (6-7 miies downstream)?
Evaluating the Effects of Mercury from the Tailings Management Area

There may be mercury in the pore walers within the tailings ponds, some of which may move
with the leachate that exfiltrates. Ultimately this could reach surface waters and exacerbate the

mercury availability to stream biota.

{.  Can we sample leachate from the ongoing waste characterization studies to get an idea of

the mercury levels?

2. Archie Wilson suggested a that it could be useful to sample leachate from the Flambeau

site as a means lo evaluate mercury concentrations. Comments?

odel movement and impacts of mercury from the

3. What is the best way to evaluate/m
he groundwater and into Hemlock Creek?

Tailings Management Area through t

I would greatly appreciate your help on these and similar problems dealing with mercury. We
will need to address mercury issues in our EIS. Thank you.

 ce: Bob Grefe - SW/3
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i £ fluent Charscteristics

-

A, and B: These items require you to report astimated amounts [both concantration and ma
be discharged fram each of your cutfails. Each part of thisitem addresses
be completed in accordance with the specific instructions for that p
separate page. Attach additional shaets of paper if necessary,

35/ of the poilutants 1o
21of poliutants and should
~ 8ach outfall should be on 3

the permitting authority. For all outfails, data
which you believe will be present or are limited directly by an effiuent limitations

through limitations on an indicator pollutant.

Genaral Instructions [§u table 20-2 for Pollutants)

‘} Each part of this item requests you to provide an estinvated daily maxim
" the source of information. Data for ali pollutants in Group A, for all cutfalls, must be
for pollutants in Group B should be reported only for poltutants
guideline or NSPS or indirectly

avera

ge for certain poliutants and
submitted unless waived by

2. Maximum 1. Average
1. Pollutant 3:!:: ‘?:I:?! 4. Soyrce fsee insiructions}
finclude units) | (inciude units) | (see m:tadm %)
| F1ow Rete D i | pox e | oo Copecity of the WIS (raximm £lov)
5-Day Hiochemical Oxygen Demend 10 myL. 5 my/L Treatability Testing
Chemical Oxygen Damend Dmyl  |<0myL | Trestehility Testing
Tomcugammm .wxrg/L < $rrg/i- Bestpmf&malmm
 Total Susperced Salids ‘Mmyl |4 Smyl | Best Professional Judgement
pemonda (as N) 9 my/L 3.3m/L | Best Professicrel Jdxdgement
Terperature (wirter) so° oS Best Professional Judgement
Terperature (summer) &° F & £ Best Professicral Judgement
e 50 () | 8.0 Best Professiorel Juement
| Fluride 05myL | 0.2myL Bast Professional Judoement
P oo e S R
| 0il and Gresse 15 myL <5myL | Best Professional Judgement
| Total Prosphorus 1 Trestahility Testing o
Sulfide (as S) 5 myL Z2myL Best. Professional Judgement
Sulfite (as Sy <1mylL  |eimyl | Best Professioel Judganent
Total Aluminum 0.3 myL 0.12 myL | Treatability Testing
Total Bariim 0.06myL | 0.BmylL | Lesching Testing
Total Cobalt 1.0myL | 0.5mylL | Leaching Testing
Total Iron OimyL | 0.2 myL | Treatability Testing
jm Magnesim 75 my/L 0 my/L Leaching Testing
i (continued on Page 3B of 5) ]
EPA Form 351020 (7-89} Page JA of 5 CONTINUE ON REVERSE

S T W MM o s kbt 4 % o




- CONTINUED FROM THE FAONT

V. EHivent cnmmm:ﬂco.- _
A,and B: These items require you 1o report estimated amounts (both concentration and mass) of the pollutants to
be discharged from each of your outfalis. Each partof this item addresses a different set of pollutants and shouid

be completed in accordance with the specific instructions for that part

“I EPA ID Numbar fcopy from item | of Form |}

separate page. Attach additional sheets of paper if necessary.

Quttait Numbers

r each oytfall should baon a

General instructions (See table 2D-2 for Pollitants)

Each part of this item requests you to provide an estirmated daily maximum and average for certain poliutants and
" the source of information. Dataforall poliutants in Group A, for all outfalls, must be submitted uniass waived by
the permitting authority. For all outfalls, data for pollutants in Group B should be reported only for poltutants
which you believe will be present or are limited directly by an effluent limitations guideline or NSPS or indirectly

through limitations on an indicator pollutant.

N’

2. Maximum 3. Averags
1. Polutant 3;::: \?:!:?; 4. Source [see instructions)

finclude urits) | finclude unitst | (see Attachment. f)'

Total Mengarese 0.2 my/L 0.08 my/L Pest Professional Judgerent

Total Antirony 0.1my/L  |20.05 myL Tregtability Testing

Total memm | 0.1 ngli. | 2006 m/L | Treetsbility Testing

 Total Leed 0.006 myL |<0.0BmyL | Trestability Yesting

Total Nickel 00myl |<0.@rgl | Treatenility Testing

Total Silver 0.002 myL |£0.001 myL | Trestability Testing

Total Zinc 0.10myt | 0.02 myL Treatability Testing

Total Arseric | 0.01 myL |<0.004myL | Trestahility Testing

o | Total Codmim | oo@myL | 0.005myL | Treatatility Testing

Total Mercury N,0.1 no.t Treatatrility Testing

Total Selerdium 0.Pnyl | 0.8 myL | Leachete Testing

Total Thallium 0.2nmyL [<0.0imyL | Treatability Testing

Total Cyaride 0.3 myl°> | 0.BmyL | Best Professional Jugement

Herdhess 1,000 700 Best, Prafessional Judgament

1 N.D. = Not detectable. The detection level for mercury using approved analytical methods for the WPDES permit
program is approximately 0.0002 mg/L. Crandon Project effuent when tested is expected to show a 1o =

detect.

2 Maximum concentration when treated effluent consists solely of treated excess mill process water. Normal maximum
concentrstion when trested effluent includes treated mine drainage is estimated to be 0.24 mg/l.

3 Maximum concentration when treated effluent consists solely of treated excess mill process water, Normal maximum o]
concentration when treated effuent includes treated mine drainage is estimated to be 0.13 mp/l.

EPA Form 3510.20 {7-89)
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CONTINUE ON REVERSE
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Mmmg Impact Coalition of Wisconsin Inc.

~—~ committed fo research and edumtlon about. . the social, ecatmmlc -and enrimnmenta! impacts of melallic sulfide mining —

"*mme.dramage of similar geoiegic chafacterlstmﬁs

Critique of the Socrety "fer' Mzning, Metanurgy, and. Expioratson inc. survey, Env;ronmentaily
Responsible Mining: Results and Thoughts regarding a survey of North American Metallic
Mineral Mines, 1997, J.W. Todd, and D.W, Struhsacker. This survey was commissioned by
Exxon and Rio Aigcm S Crandan Mining Company (CMC).

The CMC survey was ccnciucted ostens:biy to answer the question of whether or not there are
environmentally safe metallic sulfide mines agefatmg in North America. Unfortunately it fails

~ answer the most impoﬁant questmra does the ‘mining ;ndustry have a reliable track record of -

~ successful closure and reclamation? The Wisconsin state: !egls!ature is debatmg the Metallic

' Mmmg Moratorium bill (SB 3); which would prohibit metallic suffide mines in W;sccnsm only.
until the mining’ mdustry demonstrates an example of a metallic sulfide mine in geology similar
to that of northern Wisconsin which has operated safely for at least 10 years and been closed
and reclaimed safely for 10 years without causing water. poliution. CMC's survey failsto
demonstrate any ‘examples of mines that would meet thIS simple test. Despite this fact, mining
proponents are m;sieadmg the pubi:c by ca img the survey proof that CMC's proposed mine
wouid be safe o _ y

On Mafch 11 1997, the Wxsconsm State Senate passed an amended SB 3 with a 28 to 3 vote.
__Orae Qf the amendmems ts: the bill st;puiates that a mining. e;}eratlan used to satisfy the . .

i : of S ‘body which is not capable of neufraf;zmg ac;d

"{added language italicized ) Withthis

amendment, at least two exam;ales used in this survey could not be used 1o satisfy SB 3. They

are the \ﬁbumum No. 27 and. any of the mines that eperated in the southwest Wisconsin lead-

* zinc district: Although they are now irrelevant to the debate, dzscussaan of their use inthe

survey ss stﬂl wcrthwhnle as ziiustrat;ons af specif‘ ¢ probiems with the survey '

The suwey c:tes 6 mines plus the h:stonc Wasconsm Iead-zinc d;stract

1. The Henderson Mine and Mill The mine and mill are each located in different locations
at least 15 miles apart (Empire, Colorado-mine, Parshall, CO-mill). This example is not et
closed or successfully reclaimed. This example is highly flawed-see attached report for detail.

2. The Cannon Mine, Wenatchee, WA This gold mine closed only one year ago. It
operated for 9 years, but has yet to demonstrate any successful closure and reclamation.

3. The Mcl aughlin Mine, Lower Lake, CA This project is an open-pit gold mine. Itis
neither closed nor reclaimed.

1

in Madisom: PO, Box 259034 Madison, WE 537259034 . Tel: 688,233.8455 . Fax 608.236.9111
in Mitwaukee: 1001 E. Keefo Ave. Milwaukee, W1 53212-1710 . Tel: 414.964.5758 . E-mail: goblinfern@acl.com



