A Mine is a Terrible Thing to Waste:
Cultural Resources
and
Vermont’s Elizabeth Mine
Superfund Cleanup
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Vermont’s
Orange County
“Copper Belt”
Mines:

Pike Hill Mines
1846-1919

Ely Mine
1853-1918

Elizabeth Mine
1809-1958
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Copperas (Iron Sulfate) Crystals




The Copperas Works
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BOVVLI & BLOOD,

= 1235 Main Street,
] WORCESTER,

Manufactm'er' of Hats,

- BUFFALO INH S, \llll‘\ FUR CAPS,

| Of different kinds and ¢ , ., CLOTH L\l , trimmed with Ot
ter, l-ur\..l Nu ll-ur YVelvetoen Caps, Youth's
Fanc llhflil.u ¢, Umbrellas, &c

1 N B. Beaver Otter, Nutra and Mol: skm I{ats,

made to order and v arranted not 10 be sarpassed by any in
the State; If you don't belleve it, come andv:

125. Don’t Forget the Number! 125. '
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Isaac Tyson, Jr.
1792-1861

g

Chalcopyrite from
Elizabeth Mine




James Tyson Elizabeth Tyson
1832-1900 1828-1888




Tyson
No.1l Shaft,
1880s

Tyson

Smelter,
about

1902




S

I”.:".l,' '-PF‘H"'*_':EIFII.'- :_—- # |.|_.'::'..|_,I 4

e b

i
K-
)
g
L
[
¢
5
0
0
L
°
¢
-
w
n
-
)
-
=

1908 Copper Smelter
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Miners Posing Underground
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Flotation Tailings Pile
and
Disposal Launders




Mid=1950s:

‘“Boom to Bust”’
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Copperas Works Roast Beds and Heap Leach Piles
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Mine Waste
Removal
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EPA CERCLA
TCRA
EMCAG, SHS, Etc.
NTCRA
SECTION 106 NHPA

VT DHP (SHPO)
CRM
NRHP DOE
MOA
MITIGATION




MITIGATION:
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DOCUMENTATION:

Historic American
Engineering Recoxd
(HAER):

Nazrrative History
Report

HISTORIC AMERICAN ENGINEERING RECORD

Elizabeth Mine

HAER No. VT-35

Mine Road, 1-3/4 miles h of the i ion of Vermont Route 132 and
Mine Road in the village of South Strafford, Orange County, Vermont

USGS South Strafford Quadrangle, Universal Transverse Mercator Coordinates:
18.714570.4855625

Dates of Construction: 1942-1958

Engineer, etc.: Galigher Company, Salt Lake City, Utah ca. 1943 (buildings)
Present Owner (s): Privately owned (withheld by request)

Present Use: Closed (1958)

Significance: The Elizabeth Mine is one of three copper mines that operated in Orange County,
Vermont, in the nineteenth and twentieth centuries. The Elizabeth Mine operated
almost continuously from 1809 to 1958. Of the three mines, it produced the
highest tonnage of copper, and left the largest and most complex mining
landscape. Beginning in 1809 the mine was an important domestic producer
of copperas (iron sulfate), and copper was smelted in several brief campaigns
between 1830 and 1919. The mine was most productive between
1943 and 1958 when it was revived using modemn ore processing technology.
Between 1946 and 1956 the Elizabeth Mine was at times among the top 25
copper producers in the U.S. Total copper output for the mine is estimated at
more than 100 million Ib. The site includes historic mining resources
including a regionally unique cluster of World War Il-era hard rock metal mining
and ore processing buildings and ! de Iandscape fé
including tailings and waste rock piles, all evidence of historically significant
industrial activity.

Matthew A. Kierstead, November 2003

The Elizabeth Mine has been identified as source of water contamination in the
West Branch of the Ompompanoosuc River, a tributary of the Connecticut River.
The U.S. Environmental Protection Agency listed the Elizabeth Mine site on the
National Priority List (“Superfund™) on June 14, 2001. The site was
subsequently determined eligible for listing in the National Register of Historic
Places. This Historic American Engineering Record documentation of the World
War 11 to 1958 period historic architectural, engineering and landscape resources
at the Elizabeth Mine was pleted during spring and summer 2003 by

PAL, Inc, of Pawtucket, RI for the U.S. Army Corps of Engineers in partial
fulfillment of a M lum of Agr ipulating mitigation of potential
cleanup impacts to historic resources under Section 106 of the National Historic
Preservation Act.
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DOCUMENTATION: Drawings

EE v veeamow o SO [ [ [z Miv
B ELIZABETH MINE Rl [ Bt

P

; _ - éﬁ :

Divawrinsgs bye Dhenmeis € Hieden My & Wagfinsding

ELIZABETH MINE =0 = T : ELIZABETH MINE




HAER: Process Drawing

=

s\‘l'o 1898 adit

75 ton ore
bin with grirzly
ecreen
18" x 36" Traylor
Blake-type jaw
Tramp iron crusher
electro magnet ~ Ore

ELIZABETH MINE

Ore Processing Flowsheet

Run-of-mine ore averaging 2 percent copper was concentrated in a milling process that included crushing, fine
grinding, froth flotation, and dewatering steps. The mill opened in Seplember 1943 and was designed 1o
process 500 tons of ore per day. Tha primary crusher was an opposed jaw-type unit. Crushed ore was
screenad with undersize going 1o @ 350-ton timber frame ore bin and oversize going through a

secondary cone crusher circuit. The finely crushed ore was fed into e ball mill, a rolating steel

cylinder lilled with water and steel balls, which ground the ore to a fine pulp. This material

was further separaled by a rotating spiral classifier, with coarse material returned to

the ball mill for regrinding and fine material pumped 1o a series of froth tlotation

tanks. In these rectangular tubs the pulp was mixed with flotation reagents

and agitated by motorized paddles. Metallic ore particles (heads) clung

to rising compressed air bubbles and were collected, while the

waste material (tails) was pumped to Tailings Pile 1. The

heads were dewatered in a rotating arm thickener tank

and then partiglly dried in a rolating vacuum filter,

which removed all but 6 percent of the moisture 2 _ ~
content in the powdered ore. This . ) b 4 ~
concentrate was stored in a timber bin . S
for shipment to the smelter. This
process recovered as much

as 95 percent of the

copper in the ora.

WISTORIC AMERICAN
ENGERLT MG RTCORD

Allis Chalmers

C 125 ton
vibrating

A| ore bin
with
grizzly
screen

4-4

25" x 40" Blake-

jaw
crusher

Allis Chalmers
636R Hydrocone
~, cone crusher

~
500 Ton per-day ~
6'x @ grate-type
overfiow ball mill

~

L0
& N ~ i
<<\ copper tailings diverted ~
¥ PP ilings di »
G fo pyrrhotite 40" diam, Dorr
* wdraction, continuous thickener
1952-1958

DATACOMPILED BY MATT KIERSTEAD, INDUSTRIAL HISTOR IAN,

PUBLIC ARCHAEOLOG Y LABORATORY, PAWTUCKET, RI

In 1948

new mill

equipment was

installed to handle the
increasing volume of fresh

ore from the 975 ft level. A new

Pyrthotite tailings
10 1ailings pile #2
1952-1958

AFFORD  STRAFFORD THETFORD TOWNSHIPS _ORANGE GOUNTY  VERMONT

drum filter
(6' two-dise

Cleaners

Copper lailings
1o tailings pile #1
1943-1958

Headuzmal/

iton concentration
-~

*~ « American filter

primary jaw crusher was installed

north of the 1943 crusher. Undersize ore

from this crusher want though the eriginal cone

To crusher circuit and oversize went 1o the old jaw
=+ smefter/ crusher and then to the cone crusher circuir. Finely
crushed ore went to & new 1,500-ton storage bin. These

pacity imp nts also all d the mill to handle ore from the

South Open Cut and old ore dumps, and permitted mining and crushing
to be cut back one day per week. Additional conditioner, rougher, cleaner,
and s ger cells were installed in a figured Hotation circuit to handle the
additional ore and recover a higher percentage of copper, By 1953 the mill was
processing 800 tons of raw ore per day into 24 percentcopper concentrate. In 1852 the

opper

concentrate

]STH

7 MEFRODUCED, FLEASE CREGIT, NISTORIS AMERICAN ENGINEXMING RECORD. MATIONAL FARK SENYICE, NAME OF DELINEATOR, DATE OF THE BRAWING

Vermant Copper Company began to extract pyrhotite from flotation tailings for the Brown Paper

Company’s sulfuric acid extraction process. This required structural additions 10 the processing
buildings; installation of & separate pyrrhotite flofation circuit, thickener, filter, and ore bin; and creation of
Tailings Pile 2.

peumeares s, DENNIS OBRIEN ILLUSTRATOR MYSTIG, GT 12 2003

ELIZABETH MINE REG ORDING PR OJECT

“Consult the Appendix for the Narrative Report for source credits for all 4 drawings
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UPPER COPPERAS FACTORY
PLAN VIEW - ST-3-UC - FEATURE 7-UC
from 1.3 to 2.1ft below ground sGrface

Copperas Factory:

BOILER




Copperas Factory: COOLER




Copperas Factory: CRYSTALLIZER




Copperas Factory:

ARTIFACTS
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ELIZABETH MINE

Yuu are standing at the center of the Elimbeik Copper Mine site, & sceme of widespread imdustrial activity from 1808 b 1958, The mine was

1he larpsst produser of the chemical “copperas™ in the United States in the mid-nimctermb combary. Modermizad for Warkd Wi 1 produc-
e, it berame nie of che top 20 Amercan copper ofe producers of the 1950s. & century amd 2 half of miming lefn befsind o dramatic lndscaps
that comtmminated part of the Conwecticut River watershed. The 115, Esvironmesal Protection Agency declared ibe Elizabeth Mine

s cliwmp actions have dramatically improved the ccological beshth of the impacted streams smil rivers,
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"l“hr remarkable expanse of exposed bedrock on Copperas Hilll is the resalt of historic industrial oFCgenies—mountain- b

activaty andd recent emvironmenial deamap. Between 1509 and 1252, copperas mimers dug iron and 26l million vears ag Tha Armerican bcoerie]
sulfide e from an open trench at the top ol the skope, rowsted i in heaps, and leached it with water bo ernded to their present b PR ,,,J,:wll:,l'
make weak copperas *liguor™ Miners remeved the sodl, phagged cracks in the rock with day, and cm baibding stones, neetals, Vi pains et and bt i

hied d nd 1 vsad iy, Lorndicape abul b

tremches, turming e hillside inso a giant fusnd divecting the coppes
laguor 1o the factories an the botsom of the kill, Cater, multiple phases
of capper miming lefi nsore wasic on top ol the copperas oee piles,

Thee U145, Emvironmental Prodection Agemcy mdentified the coloriul

erenbid waiste 45 8 mamer soisroe of scid e drainage asd messl
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T
REEY ; : by shalkons magma, resulting in swbmarine hod spriogs. These
comtaonination. in 200, the EPA remosed the waste dd relocaied it types of salfide ares form worklwide and were also mined in the

Fox oeine disgries, eposig the bedrock urior agin, The bare rock eastern United States at locations inchuding Dadkiown, Tennessee;

wanlaing crystaly ol mincraks charclerstic of metamorphosed sealfoor Ore Knch, Narth Carolina; Great Gossan Lead, Virginias Bowe

rocks, nclisding langs guemets sind aaphiboles, Massachasetis] and Rhse Hill, Maine. Sulfide ores can contain

It Elizabeth Mine is bncoted in the Gile Mountain Formation, copper, lead, Finc, and mber metaks, althowgh enly copper was

which s a geologic unls within Vernsant's eastern Gireen Moumtains, produced at the Elizabeth Mine. Solfide ore mine wasie exposed
a part of the Appalachian Mountalns, The Appalachion, strerching b 1 woruthering has patential 1o create acid water and metals
et st sacd o 4 rpperses s ek thesirersgs, MUY Smase £ 4 § e el

froe Alabama to castern Cannda, were formed by o series of e des comtambnation. &

ELizABRETH MINE ORE FORMATION
FORMATION OF SEAFLOOR SULFIDE ORE DEPOSITS OF THE TYPE INCLUDING THE ELIZABETH DEPOSIT
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Copperas Works
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Tailings Pile
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