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SECTION 1: INTRODUCTION

This document encompasses the materials collected by Michigan Technological
University (MTU) Social Sciences and the Michigan Tech Research Institute (MTRI)
staff in support of Phase 1, Task 3 of the Department of Environmental Quality project to
study and sample “Abandoned Mining Wastes of the Torch Lake Non-Superfund Site,
Contract No. Y14110.”

Task 3 is devoted to the historical and archival work on C&H Torch Lake
industrial facilities, and to the production of Geographic Information System (GIS) data
and associated maps, which identify building locations. The December 2014 Statement
of Work (SOW, Appendix A) specifies the following 8 tasks that were to be
accomplished by the Social Sciences Department in order to support DEQ, Weston, and
MTU in identification of on-water and on-land sampling sites for the Phase 1 area from

the North End of Torch Lake (Lake Linden) southward to Hubbell Beach:

1. Identify major contaminants and waste streams of concern from industrial
buildings and likely locations: PCBs (completed through Sea Grant Michigan);
chemicals in reclamation processes; sludge from reclamation; slag from smelting;
coal-related products such as fly-ash; leaching reagents from stamp mills and
reclamation (ammonia, xanthates); others that may be identified in archives.

2. Investigate MTU and KNHP C&H archives on building function, production
processes, chemical processes, and waste streams by building location.

3. Produce Building Narratives for 18 buildings (in order of location from north to
south)." Building narratives will be prioritized according to potential to produce
significant contaminated wastes to optimize information necessary for soil and
sediment sampling in late spring-summer season. Narratives of buildings deemed
insignificant for contaminated waste production will be brief, but included in
order to document their elimination.

a. Narratives will detail opening/closing dates; production activities within
individual facilities; major updates in processes; repurposing of buildings
for different production activities; information on incoming chemical,
metal, or other waste and possible exit sites from buildings. Narratives
will draw upon archival sources, maps, blueprints, and interviews.

1 Building names are drawn from official names utilized by C&H and Sanborn Co. maps.
Data for some buildings are largely collected through study of C&H electrical system and
PCB sources.



b. 18 buildings: Houghton County Electric Light & Power (Sub-Station #9);
C&H Flotation Plant; C&H Leaching Plant; C&H Regrinding Plant No. 2;
C&H Regrinding Plant #1; C&H Regrinding Plant #2; Lake Linden
Substation; Calumet Stamp Mill; Hecla Stamp Mill; Still House; C&H
Power Plant; C&H Boiler House; Coal Dock Sub-Station; C&H Mineral
House; C&H Smelting and Refining; C&H Electric Shop (in smelter);
C&H Smelter Power Plant; C&H Electrolytic Plant; C&H Acid Treating
Plant.

4. Collect and scan available Sanborn maps (through 1928) and C&H blueprint
maps for 18 buildings listed above.

5. Conduct interviews with knowledgeable individuals about individual plant
operations.”

6. Provide a spreadsheet of sources consulted, relevance for which waste material or
chemical — e.g. C&H box and files title/# in MTU or KNHP archives.

7. Provide a bibliography of relevant sources that detail or describe significant
processing methods, chemical usages, and waste collection strategies for C&H
Mining Co. during period of Torch Lake operations (1880-1970).

8. Identify, if possible, the footprint for buildings identified with DEQ staff as
critical for soil sampling. This to be done in collaborating with team members
involved with GIS mapping for the project.

These tasks have been completed and materials are available in this document. Several
graduate students in the Industrial Archaeology Graduate Program provided research
assistance: Emma Schwaiger (MS student) has provided the bulk of archival and
interview data. Recently, John Baeten (Ph.D. student) and Brendan Pelto (MS student)
have surveyed professional journals and newspapers for accounts of C&H facilities,
processes, and other news. In addition, MTRI has contributed to these tasks by
geospatially referencing data sources for use in GIS systems and by providing maps of
these data.

2 Sea Grant Michigan and KNHP have funded interviews during Fall 2013 and Spring 2014
semesters. If any additional individuals are identified during the DEQ funded research, they
will be interviewed.



This document is organized in the following sections:

Section 2 includes the narratives of 22 (and additional 4 sites have been added to the
original 18) buildings and sites investigated by the research team. Also included are a set
of Google Maps with buildings identified by location, name. Detailed chronologies for
each building are provided in the Building Narratives and on the Google Maps.

Section 3 includes the GIS data and associated maps produced by MTRI. These data
include GIS-ready formats of Sanborn sketches, relevant blueprints, and descriptive maps
of each dataset for use in presentations and reports. These products are intended to assist
Weston and the MDEQ in their investigation and presentation of findings.

Section 4 provides various background and useful resource documents. Included are
articles from professional mining engineering journals that document C&H Torch Lake
developments in the 1910s through 1930s. Summaries of three interviews appear here,
with most pertinent information highlighted at the end of the summary. In addition we
have provided a set of resources and research notes that will be helpful in reading the
historical record of C&H activity along Torch Lake.



Section 2: BUILDING AND SITE NARRATIVES & CHRONOLOGIES
Phase 1: North End of Torch Lake to Hubbell Beach

2.1 - Torch Lake Phase 1 Building Narratives

This section assembles narratives with information about C&H buildings in the Lake
Linden and Hubbell areas (Phase 1). Also included are a series of Google Maps with the
approximate building sites identified, along with brief chronologies of major changes in
processes and building design. Twenty-two building and other sites are documented
utilizing sources from the C&H Collection at MTU Archives, articles from mining
engineering journals, and interviews. The Building Narrative Template (next page)
provides categories for information. In several cases, narrative categories are incomplete
because archival sources did not yield any useful information.

The maps, blueprints, journal articles, and interview summaries referenced in the
individual narratives are provided in Section 4 of this report. A bibliography of these
and other useful sources is included in Section 4.

CONTENTS

1. Houghton County Electric Light & Power (Substation #9)
C&H Flotation Plant
C&H Leaching Plant
C&H Regrinding Plant No. 2
C&H Regrinding Plant No. 1
Lake Linden C&H Sub-Station
Calumet Stamp Mill
Hecla Stamp Mill
9. Still House
10. C&H Power Plant
11. C&H Boiler House
12. C&H Coal Dock Sub-Station
13. C&H Mineral House
14. C&H Oil House
15. C&H Coal Pulverization Plant
16. C&H Smelting & Refining Plant
17. C&H Smelter Electric Shop
18. C&H Smelter Power Plant
19. C&H Electrolytic Plant
20. C&H Acid Treating Plant
21. Jos. Ethier & Co. Lumber
22. Hubbell Garbage Dump
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NARRATIVE TEMPLATE

Building Name &
#

Alternative (common) names for building:

Dates:
1. Built:
2. Modified (external structure)
3. Ceased operations:
4. Structure removed:

Maps available
(Title, date, location, information present for building)

Building Narrative:

(Descriptive history of building uses, processes, major modifications described with dates
where available. Includes list of major sources of information and location)

Supporting Documents:

(Copies of articles with extensive description, scientific papers on relevant processes)

Building Timelines:

(Chronology of major changes in building activity, processes, and design)

Potential Waste/Pollution Concerns:

(Known use of chemicals in processes inside facility; major type of waste material

produced; any information on disposal of waste material)



1. Houghton County Electric Light & Power (Sub-Station #9)

Significant: Yes
Alternative (common) names for building:

Dates:
1. Built: between 1890 and 1902
2. Modified (external structure):
3. Ceased operation: between 1947 and 1969
4. Structure removed: Still exists — 58340 Gregory St, Lake Linden, MI 49945,
Schoolcraft Twp. Current use: storage facility.
5. Last time seen on map/aerial photo:

Maps available:
Sanborn Fire Insurance Maps, Michigan Tech Archives: 1917, 1928, 1935.

Building narrative:

The Houghton County Electric Light & Power building was built between 1890 and 1902
when the land was owned by the Peninsula Electric Light & Power Co. which then
became the Houghton County Electric Light Co. It was then sold to the Upper Peninsula
Power Co. in 1947 and again to the Village of Lake Linden in 1969 when the building
was probably no longer used as a sub-station. It is currently owned by Betsy Olson West
of Saint Petersburg, FL.

Supporting documents:
See research report on Substation #9 — Houghton County Courthouse documentation.

Building Timeline: Houghton County Electric Light & Power (Sub-Station #9):
1890 — Property bought by Peninsula Electric Light & Power Co.

1902 — Name change to Houghton County Electric Light Co. Built sometime after 1890.
1917 - Sanborn

1928 - Sanborn

1935 — Sanborn

1947 — Sold to UPPCO

1969 — Turned over to the Village of Lake Linden

1990 — Sold to Betsy Olson West

Potential Waste/Pollution Concerns:
After extensive research, it is unclear whether this substation continued operation after
the 1930s—the era when PCBs were introduced into transformers.



2. C&H Flotation Plant

Significant: Yes, not for PCBs
Alternative (common) names for building:

Dates:
1. Built;: 1918

2. Modified (external structure): 1919

3. Ceased operation: 1953

4. Structure removed:

5. Last time seen on map/aerial photo:
Maps available:

Sanborn Fire Insurance Maps, Michigan Tech Archives: 1928.
Building narrative:

The Flotation Plant to treat smiles from the Regrinding Plants were in commission
beginning in 1918 and by 1919 they realized they needed a larger building to complete
the flotation. It closes in 1953 when the Lake Linden reclamation plant has exhausted all
useable tailings.

Flotation is a process which uses xanthates and pine oil to get particular mineral particles,
in this case copper, to adhere and float to the top of large vats in the form of foam and
froth, which is then skimmed off and separated from the other materials and collected.

Supporting documents:

See: C. H. Benedict, “Flotation Practice at the Calumet & Hecla” (1931). Also, CH
Benedict, “Six-Cent Copper from Calumet & Hecla Tailings” (1924), and CH Benedict,
Lake Superior Milling Practice, Chapter 8, “Flotation.”

Building Timeline: C&H Flotation Plant:

1916 - Oil flotation experiments underway

1917 - Flotation experiments successful

1918 - Flotation plant to treat slimes from Regrinding Plant should be in commission in
summer

1919 - 2/3 of slimes from Regrinding Plant are treated by flotation, building need
extending

1928 - Sanborn

1931 - Not Operational

1935 - Back into Operation

1953 - Tailings exhausted, closed



Potential Waste/Pollution Concerns:

Pine oils and xanthates (toxic to aquatic biota) were commonly used to float copper from
the material produced by the stamp mills. With copper removed from the “frothing,” it
is unclear how the remaining material was treated. The archival and published record is
silent on this aspect. The waste sludges would likely have other heavy metals in them.
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3. C&H Leaching Plant

Significant: Yes, not for PCBs
Alternative (common) names for building:

Dates:
1. Built: 1914-1915

2. Modified (external structure):

3. Ceased operation: 1968

4. Structure removed:

5. Last time seen on map/aerial photo:
Maps available:

Sanborn Fire Insurance Maps, Michigan Tech Archives: 1917, 1928.
Army Corps of Engineers, Michigan Tech Archives: 1962, 1970.

Building narrative:

The Leaching Plant construction was started in 1914 and completed in 1915. The actual
ammonia leaching began the following summer in 1916. In 1942 the following
information is given from the C&H Annual Reports: “The leaching process in use on
copper-bearing sands is adaptable to the recovery of copper from scrap of various kinds,
including the treatment of scrap from copper and brass coated steel. C&H has
successfully treated at Lake Linden leaching plant, yielding the original steel as scrap for
steel mills and copper recovered as oxide which is refined at the smelter. They go through
2,500 tons of scrap metals per month.”

In 1944 the leaching plant was remodeled to adapt it to the production of copper oxide
from secondary copper products, but these were interior machinery and process changes
to help provide the most copper possible to help with the war effort. In 1953 when the
rest of the reclamation plant is closed down, the leaching plant remains open and
processing. The end of the leaching plant is believed to be tied to the closing of the
company in 1968.

Leaching is a process where an ammonia solution is mixed with copper bearing sands and
put into large holding tanks where the ammonia dissolves the copper. This ammonia and
copper solution is then separated from the rest of the material and heated. The ammonia
is evaporated and recycled, whereas the copper is precipitated into copper oxide, which
was then sent to the smelter to be processed into pure copper.

Supporting documents:

See C.H. Benedict, “Ammonia Leaching of Calumet Tailings” (1917); and his Lake
Superior Milling Practice (1955). Also see his “Developments in Lake Superior Milling”
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(1919), Chapter 9 on “Leaching:” and his“Milling at the Calumet & Hecla Consolidated
Copper Company” (1931).

Building Timeline: C&H Leaching Plant:

1914 - Ground broke for new Leaching Plant

1915 - Building complete, ammonia

1916 - Processing began in July

1917 - Sanborn

1928 - Sanborn

1931 - Not Operational

1935 - Back into Operation

1942 - Leaching process in use on scrap from copper and brass coated steel
1953 - Rest of Reclamation Plant closed, Leaching still in operation

Potential Waste/Pollution Concerns:

Ammonia was the primary chemical utilized in leaching copper from material produced
by stamp mills and in later years, tailings and scrap metals (recovery from secondary
products). Benedict claims in Lake Superior Milling, that the ammonia was continuously
recycled in the leaching process. A common waste material from leaching (and flotation)
was a finer stamps and material that was re-deposited into Torch Lake in the vicinity of
older stamp sand piles. The leaching process was regularly applied to reclaimed stamp
sands from earlier milling eras (1860s to 1910s). These finer sands likely had a greater
capacity to drift further into Torch Lake, settling throughout the Lake sediments as a fine
material—thus spreading copper and other metal content further throughout Torch Lake.
It is unclear how the waste material from scrap metals subjected to leaching was
disposed.
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4. C&H Regrinding Plant No. 2

Significant: No
Alternative (common) names for building:

Dates:
1. Built;: 1912

2. Modified (external structure):

3. Ceased operation: 1953

4. Structure removed:

5. Last time seen on map/aerial photo:
Maps available:

Sanborn Fire Insurance Maps, Michigan Tech Archives: 1917, 1928.

Building narrative:

The #2 Regrinding Plant was completed in 1912 and in 1913 all of the buildings related
to the recrushing plant were completed. 1914 saw the tube mills in the regrinding plant
in operation. The plant had a remodel in 1918 and the building continues in operation
until the reclamation plant closes in 1953.

The regrinding process was simply old copper tailings being re-milled by more efficient
stamps and mills, where a percentage of the missed copper could be collected.

Supporting documents:
See: Benedict, “Milling” (1931); and his Lake Superior Milling Practice (1955), Chapter
6, “Fine Grinding.”

Building Timeline: C&H Regrinding Plant No. 2:

1912 - Recrushing building complete (123 x 432 ft)

1914 - Tube mills in plant started

1915 - Went into operation in June on small scale, September at full scale
1917 - Sanborn

1928 - Sanborn

1931 - Not Operational

1935 - Back into Operation

1953 - Tailings exhausted, closed

Potential Waste/Pollution Concerns:

C&H Regrinding Plants #1 and #2 were built, along with the shore plant and dredge in
Lake Linden, to regrind the reclaimed stamp sands from Torch Lake. In providing a
finer-grained sand for the leaching and flotation plants, these facilities contributed to the
more widespread of metal-laden sands into Torch Lake after the reclamation process.
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5. C&H Regrinding Plant No. 1

Significant: No
Alternative (common) names for building:

Dates:
1. Built: 1907-1909.

2. Modified (external structure):

3. Ceased operation: 1953

4. Structure removed:

5. Last time seen on map/aerial photo:
Maps available:

Sanborn Fire Insurance Maps, Michigan Tech Archives: 1917, 1928.

Building narrative:

The foundations for the #1 Regrinding Plant were started in 1907 and the entire building
was completed in 1909. In 1913 all of the buildings related to the recrushing plant were
completed. The plant had a remodel in 1918 and the building continues in operation until
the reclamation plant closes in 1953.

The regrinding process was simply old copper tailings being re-milled by more efficient
stamps and mills, where a percentage of the missed copper could be collected.

Supporting documents:

Building Timeline: C&H Regrinding Plant No. 1:
1907 - Foundation for regrinding mill #1 started
1908 - Building erected

1909 - Plant complete

1917 - Sanborn

1928 - Sanborn

1931 - Not Operational

1935 - Back into Operation

1953 - Tailings exhausted, closed

Potential Waste/Pollution Concerns:

C&H Regrinding Plants #1 and #2 were built, along with the shore plant and dredge in
Lake Linden, to regrind the reclaimed stamp sands from Torch Lake. In providing a
finer-grained sand for the leaching and flotation plants, these facilities contributed to the
more widespread of metal-laden sands into Torch Lake after the reclamation process.
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6. Lake Linden C&H Sub-Station

Significant: Yes
Alternative (common) names for building: Regrinding Plant #2 Sub-Station

Dates:
1. Built: Around 1912 along with Regrinding Plant #2

2. Modified (external structure):

3. Ceased operation: 1968

4. Structure removed:

5. Last time seen on map/aerial photo:
Maps available:

Sanborn Fire Insurance Maps, Michigan Tech Archives: 1917, 1928.
From C&H Collection:

MS005-9654, 1931.

MS005-11461, 1948.

MS005-12307, 1960.

Building narrative:

This building was a sub-station located just east of the Regrinding Plant #2. This was
where the power was processed and sent to be used in the regrinding mill.

Supporting documents:
The Mining Congress Journal, October 1931, page 546 — East of Regrinding Plant #2, 2
transformers

Building Timeline: Lake Linden Sub-Station:
1917 - Sanborn

1928 - Sanborn

Shown on Drawing '9654' - 1931

Shown on Drawing '11461' - 1948

Shown on Drawing '12307'— 1960

Potential Waste/Pollution Concerns:

After 1930, PCBs were placed in transformers to replace mineral oil. C&H purchased
their transformers for all electrical facilities from General Electric and Westinghouse.
Both companies regularly utilized PCBs (produced by Monsanto) in all their transformers
by the late 1930s. Therefore, when C&H dismantled their electric substations, it is likely
that PCB oils were emptied from the transformers (because of the weight of the liquid)
before scrapping the metal containers. To date there is no record of PCB disposal in
C&H records or among individuals interviewed.

15



7. Calumet Stamp Mill

Significant: No
Alternative (common) names for building:

Dates:
1. Built: 1870s

2. Modified (external structure):

3. Ceased operation: 1944

4. Structure removed:

5. Last time seen on map/aerial photo:
Maps available:

Sanborn Fire Insurance Maps, Michigan Tech Archives: 1917, 1928, 1935.
Army Corps of Engineers, Michigan Tech Archives: 1897, 1905, 1924, 1935

Building narrative:

A 50 ft sand wheel was added in 1891 and new boilers were installed and automatic
sprinklers were added in 1892. In 1893 the records show that the building included: 11
Leavitt heads with steam cylinders, 14 & 21.5 x 24 inch stroke, Washers, Huntington &
Haeberle grinding mills and slime tables, and a Westinghouse driving engine 200HP. In
1904 5 heads were remodeled and in 1905 the entire interior of the mill was remodeled
and updated. In 1919 tanks for settling slimes were added to prepare for the reprocessing
of tailings. 1944 saw the Calumet mill stop production and it did not start again.

Supporting documents:
See CH Benedict, Lake Superior Milling Practice, (1955), Chapters 3-5.

Building Timeline: Calumet Stamp Mill:

1891 - 50 ft sand wheel completed

1892 - Purchased steam fire engine for mills

1892 - Automatic sprinklers installed in milling complex
1893 - Mills and docks lighted by electricity

1896 - Electric Light Plant House at mills completed
1904 - 5 heads remodeled

1905 - Remodel completed

1915 - Fire protection system remodeled

1917 - Sanborn

1919 - Mill now equipped with tanks for settling slimes
1920 - Last of round slime tables replaced by Wiffleys
1920 - Chilean Mills to be replaced by Hardinge Conical Mills
1922 - 9 of 11 units are working

1927 - 2 boilers added, 500 HP capacity

1928 - Sanborn

16



1935 - Sanborn

1939 - Idle

1943 - Remodel

1944 - Remodel stopped, closed

Potential Waste/Pollution Concerns:

The Calumet Mill began disposing its course-grained stamp sand waste material in Torch
Lake in the 1870s. These sands contained copper and other heavy metals. When the
Calumet Mill began to process material from the Kearsarge vein, it contained arsenic
which was deposited in some of the sands. The Ahmeek, Allouez, and Centennial mines
all operated on the Kearsarge vein. It stopped deposition of sands in the 1940s.

17



8. Hecla Stamp Mill

Significant: No
Alternative (common) names for building:

Dates:
1. Built: 1860s (1868?)

2. Modified (external structure): 1892-1893, 1900-1902.
3. Ceased operation: 1921
4. Structure removed: 1924 and 1940.
5. Last time seen on map/aerial photo:
Maps available:

Sanborn Fire Insurance Maps, Michigan Tech Archives: 1917, 1928, 1935.
Army Corps of Engineers, Michigan Tech Archives: 1897, 1905, 1924, 1934.
C&H Collection (MTU Archives):

General map of mills, MS002-138-13-millsmap.

MS005-7928, 1917.

Building narrative:

In 1891 they were in the process of erecting a 50 ft sand wheel which was completed in
1892, along with the installation of new boilers for the mill. 1892 also saw automatic
sprinklers installed and a new addition to the mill being started which was completed in
1893. A list shows that in 1893 the Hecla Mill had the following equipment: 11 Leavitt
heads, equipped similar to Calumet Mill and preparing to place solid anvils under all
stamps.

In 1900 the Hecla Mill was preparing for another addition, which was completed in 1902.
This addition was powered with electricity and the equipment was contracted through
General Electric. In 1919 the mill was equipped with tanks for settling slimes in
preparation for the reprocessing of tailings.

The Hecla Mill closed in 1921 and was dismantled in 1924, with remaining equipment
and structures dismantled in 1940.

Supporting documents:
See CH Benedict, Lake Superior Milling Practice, (1955), Chapters 3-5.

Building Timeline: Hecla Stamp Mill:
1917 — Sanborn

1921 — Ceased operation

1924 - Hecla Flotation Plant Dismantled
1928 - Sanborn

18



1935 - Sanborn
1940 - Sand wheels scrapped

Potential Waste/Pollution Concerns:

The Hecla Mill began disposing its course-grained stamp sand waste material in Torch
Lake in the 1860s. These sands contained copper and other heavy metals. When the
Hecla Mill began to process material from the Kearsarge vein, it contained arsenic which
was deposited in some of the sands. The Ahmeek, Allouez, and Centennial mines all
operated on the Kearsarge vein. It stopped deposition of sands in 1921.
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9. Still House

Significant: Yes
Alternative (common) names for building:

Dates:
1. Built: Approximately at time of Leaching Plant (1914-1915)

2. Modified (external structure):

3. Ceased operation: 1968

4. Structure removed:

5. Last time seen on map/aerial photo:
Maps available:

C&H Collection (MTU Archives):
General map of mills, MS002-138-13-millsmap.
MS005-7928, 1917.
MS005-9654, 1931.

Building narrative:

To date little information has been found on the Still House, which is associated with the
Leaching Plant, aiding in the distillation process associated with ammonia leaching of
copper.

Supporting documents:
The Mining Congress Journal, October 1931, page 546 — 1 turbo generator

Building Timeline: Still House:
Shown on 'General Map of Mills'

Shown on Drawing '7928' - 1917
1 Turbo Generator according to Drawing '9654' — 1931

Potential Waste/Pollution Concerns:
Not enough information to assess.
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10. C&H Power Plant

Significant: Yes
Alternative (common) names for building:

Dates:
1. Built: 1902

2. Modified (external structure):

3. Ceased operation: 1968

4. Structure removed: 2013

5. Last time seen on map/aerial photo:
Maps available:

Sanborn Fire Insurance Maps, Michigan Tech Archives: 1917, 1928, 1935.
Army Corps of Engineers, Michigan Tech Archives: 1962, 1970.
C&H Collection (MTU Archives):

General map of mills, MS002-138-13-millsmap.

MS005-7928, 1917.

MS005-9654, 1931.

MS005-9966, 1934.

MS005-11461, 1948.

MS005-12307, 1960.

Building narrative:

In 1902 a new steel electric power house was erected and it went into commission in
1903. 1905 saw the addition of 2 large engines, which shows it having 9,000 HP engines
in 1906. The Power Plant could generate 2,000 KW in 1907. In 1917 the building was
fireproofed and in 1929 the obsolete electrical equipment was scrapped. A new 2000
KW low pressure unit was installed which was operational by 1920.

In 1947 C&H planned new generating facilities, including two new 1000 HP diesel-
electric locomotives and a diesel-electric locomotive crane, which was completed in
1949. The power plant closed with the company in 1968 and the building was raised in
2013.

Supporting documents:

MclIntosh and Burgan, “Electric Power Generation,” The Mining Congress Journal,
October 1931. (see p. 546:- 3 turbo generators with transformers, 1 circulating pump with
transformer, and 2 synchronous condensers).

Building Timeline: C&H Power Plant:

1902 - New steel electric power house has been erected

1902 - Tunnel for the electric cables to connect the Power House to the mills has been
completed
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1903 - Power House is in commission

1905 - 2 large electric additions to Electric Power Plant in process

1906 - Addition to Electric Power Plant complete, 9,000 HP engines, 2 independent cable
lines connect the Power Plant with the mine

1907 - Engine and generator of 2,000 KW at Electric Power Plant at mills

1909 - Erected power line to Lake Superior Water Works to pump water from the lake to
the mills

1917 - Electric Power House fireproofed

1917 - Sanborn (Power House)

1928 - Sanborn (Power Plant)

1929 - Obsolete electrical equipment has been scrapped and a 2000 KW low pressure unit
is being installed

1930 - 2000 KW low pressure unit operational, 2 turbines

1935 - Sanborn (Power Plant)

1947 - installation of new generating facilities is planned, should be done in early 1949
1948 - addition is nearing completion

1949 - New power plant is in full operation and gives evidence of meeting every
expectation

Shown on 'General Map of Mills'

Shown on Drawing '7928'- 1917

Shown on Drawing '9654' - 1931

Shown on Drawing '9966' - 1934

Shown on Drawing '11461' - 1948

Shown on Drawing '12307'— 1960

Potential Waste/Pollution Concerns:

After 1930, PCBs were placed in transformers to replace mineral oil. C&H purchased
their transformers for all electrical facilities from General Electric and Westinghouse.
Both companies regularly utilized PCBs (produced by Monsanto) in all their transformers
by the late 1930s. Therefore, when C&H dismantled their electric substations, it is likely
that PCB oils were emptied from the transformers (because of the weight of the liquid)
before scrapping the metal containers. To date there is no record of PCB disposal in
C&H records or among individuals interviewed.

The C&H Power Plant was an extensive operation, powering C&H facilities as far south
as Tamarack Reclamation Plant, as far west as the C&H and Tamarack Water Works, and
from Calumet north to Phoenix and Cliff mines. In 1943, C&H extended its power lines
to Quincy Reclamation Plant to service the dredge, shore plant, and reclamation works.
The coal supplied for power was delivered at the C&H coal dock in Hubbell, pulverized
at the Coal Pulverization Plant (after 1917), and utilized as the most efficient means to
deliver power. A major by product of coal use (and pulverization) is fly ash that is
dispersed through the local environment through smokestacks and accumulates in
furnaces. Interviewee #1 indicated that the remaining furnace fly ash was probably
deposited into Torch Lake from the smelter yard. PAHs (polyaromatic hydrocarbons) are
one hazardous waste produced by coal burning and fly ash production.
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11. C&H Boiler House

Significant: Yes
Alternative (common) names for building:

Dates:
1. Built: 1907
Modified (external structure): 1929
Ceased operation: 1968
Structure removed:
Last time seen on map/aerial photo:

Nk

Maps available:
Sanborn Fire Insurance Maps, Michigan Tech Archives: 1917, 1928, 1935.
C&H Collection (MTU Archives)

General map of mills, MS002-138-13-millsmap.

MS005-7928, 1917.

Building narrative:

The boiler house was built in 1896 to help power the C&H stamp mills located in Lake
Linden. The boilers at the Water Works were moved to this new facility in 1897 and 4
more boilers were added in 1900. This facility quickly became obsolete and a new one
was built in 1907 and completed in 1908 where it remained, situated next to the Power
House. In 1920 the boiler house had massive renovations. A concrete foundation was
added and the side walls were coated with concrete to prevent fire. In 1929 an addition
of steel and glass was added to the main furnace building. This building closed with the
company in 1968.

Supporting documents:

Building Timeline: C&H Boiler-House:

1893 - Addition planned, 11 boilers at present

1895 - Foundations laid for addition to mill boiler house and stack

1896 - Boiler House erected near mills

1897 - Boilers at the Water Works boiler house moved to new Boiler House near mills
1899 - Boilers overhauled

1900 - 4 boilers added

1907 - Foundation for new Boiler House at mills started

1908 - Completed

1910 - Part of old mill boiler house has been torn down

1917 - Sanborn

1920 - Boiler House reconstruction, Concrete foundation and side walls coated with
concrete

1922 - Remodeled
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1928 - Sanborn
1930 - New turbines of 8,750 KW capacity
1935 — Sanborn

Potential Waste/Pollution Concerns:
Waste concerns would likely be associated with the burning of coal in furnaces and coal

ash byproducts.
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12. C&H Coal Dock Sub-Station

Significant: Yes
Alternative (common) names for building:

Dates:

1. Built: ?

2. Modified (external structure):

3. Ceased operation: 1968

4. Structure removed: ?

5. Last time seen on map/aerial photo:
Maps available:

C&H Collection (MTU Archives):
General map of mills, MS002-138-13-millsmap.
MS005-6967, 1917 — blueprints.
MS005-7928, 1917.
MS005-9654, 1931.
MS005-11461, 1948.
MS005-12307, 1960.

Building narrative:

This building was the sub-station at the coal dock which allowed the power to be
transmitted to the machinery and buildings in the area. The foundations for this building
are still present on the landscape and the raised platforms where the transformers sat are
also visible.

Supporting documents:
The Mining Congress Journal, October 1931, page 546 — 2 transformers

Building Timeline: Coal Dock Sub-Station:
Shown on 'General Map of Mills'

Shown on Drawing '7928" - 1917

Blueprint on Drawing '6967'- 1917

Blueprint on Drawing '7928'- 1917

2 transformers according to Drawing '9654" - 1931
Shown on Drawing '11461'— 1948

Shown on Drawing '12307'— 1960
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Potential Waste/Pollution Concerns:

After 1930, PCBs were placed in transformers to replace mineral oil. C&H purchased
their transformers for all electrical facilities from General Electric and Westinghouse.
Both companies regularly utilized PCBs (produced by Monsanto) in all their transformers
by the late 1930s. Therefore, when C&H dismantled their electric substations, it is likely
that PCB oils were emptied from the transformers (because of the weight of the liquid)
before scrapping the metal containers. To date there is no record of PCB disposal in
C&H records or among individuals interviewed.
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13. C&H Mineral House

Significant: No
Alternative (common) names for building:

Dates:
1. Built: 1927-1929

2. Modified (external structure):

3. Ceased operation: 1968

4. Structure removed: Still exists

5. Last time seen on map/aerial photo:
Maps available:

Sanborn Fire Insurance Maps, Michigan Tech Archives: 1928, 1935.
C&H Collection (MTU Archives):
General map of mills, MS002-138-13-millsmap.
MS002-138-17-9003, 1929.
MS005-7928, 1917.

Building narrative:

The mineral house began construction in 1927 and was completed in 1929. It had a
reinforced concrete foundation and compartment walls for mineral storage for the
smelter, including 10 main compartments for 15,000 tons of material and a 7.5 ton
overhead electric crane carrying a clam shell bucket for handling the mineral. The
mineral house closed in 1968 with the company and is still standing.

Supporting documents:

Building Timeline: C&H Mineral House:
1927 - Process of being built

1928 - Sanborn

1929 - Operational

1935 - Sanborn

Potential Waste/Pollution Concerns:

Material stored from the leaching and flotation plants in preparation for the smelter. No

known information on waste and contamination concerns.
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14. C&H Oil House

Significant: Yes
Alternative (common) names for building:

Dates:

1. Built:

2. Modified (external structure):

3. Ceased operation:

4. Structure removed:

5. Last time seen on map/aerial photo:
Maps available:

Sanborn Fire Insurance Maps, Michigan Tech Archives: 1928, 1935.

Building narrative:

Other than its appearance on Sanborn maps, there is no information found to date on the

Oil House.
Supporting documents:

Building Timeline:
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15. C&H Coal Pulverization Plant

Significant: Yes, not for PCBs
Alternative (common) names for building:

Dates:
1. Built: 1924

2. Modified (external structure):

3. Ceased operation: probably 1968

4. Structure removed:

5. Last time seen on map/aerial photo:
Maps available:

C&H Collection (MTU Archives):
MS002-138-17-9003, 1929.
MS002-138-13-millsmap-001, date unknown.

Building narrative:

This building pulverized the coal delivered to the C&H coal dock for use in the smelter
and the Power House in Lake Linden. There is expected to be pollution in the area
related to coal waste.

Supporting documents:

See: HR Collins, “The Use of Pulverized Coal” Engineering & Mining Journal, 1918.
Also, FH Haller, “Transportation System and Coal Dock™ Mining Congress Journal,
1931.

From C&H Collection (MTU Archives): There is little information to date on the
building of this plant. However, much discussion of coal use and the benefits of
pulverization for efficient electrification runs through the C&H Collection. A sample
below describes the process and the facility, helping to assess it importance and potential
for creating hazardous waste:

C&H Smelting Works No. 20 Furnace Building, No. 20, 21 Coal Storage &
Burning System Blueprint — 1927; Drawing # 9030. Box 125, Folder 15.

Drawing of the proposed coal crushing plant from Stevens-Adamson Mfg. Co. for
C&H
Smelting Works. Box 126, Folder 13.

Box 126, Folder 14.
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“The process of crushing, drying and pulverizing fuel should be
accomplished in a separate building used for no other purposes. This building
should preferably be detached, but where this is not practicable it should be
separated by a blank masonry or concrete wall containing no openings other than
those necessary for the passing of pipes and shafting. The building should be
constructed of incombustible materials and specially designed to secure minimum
lodgement of dust and to relieve the force of an explosion through its roof and
walls without danger to its frame. The frame should preferably be of steel with
light non-bearing walls (except fire walls) constructed of materials such as stucco
on metal lath, tile, metal or other similar incombustible material and with roof of
monitor or gable type and all secured in such a manner as to give way readily
under pressure of explosion. The monitors with louvered or glass sides or sky-
lights should have a horizontal area not less than one-tenth of the horizontal area
of the roof.

In order that the venting of explosion may be more readily facilitated, a
portion of the exterior walls equal to not less than 10% of the combined area of
the enclosing walls should be of glass. All glazing should be by means of thin
glass not exceeding 1/8” in thickness.

Coal pulverizing mills and coal dryers should be equipped with suction
fans or other approved means for removing dust. The collection of dust to take
place as near the point of origin as possible and suction fans to discharge outside
of building or into metal cyclone collectors. Dust collecting devices should be
constructed of incombustible material and contain no cloth partitions, tubes or
bags. All elevators including boots, legs and heads, or screw conveyors should be
constructed of incombustible materials. Conveyors for supplying coal pulverizing
mills should be provided with approved magnetic separators between source of
supply and mill feed bins. Elevator heads, cyclone collectors or storage bins for
handling or storing pulverized coal should be provided with approved vents
exhausting outside of building. Machinery and other parts comprising the
crushing, drying, pulverizing and conveying system should be effectively
electrically grounded. All stationary lights should be protected with dust proof
globes and wire guards. Smoking and the use of open lights or torches should be
prohibited. All motors, switches and other electrical devises should conform to
the standards of the National Electrical Code.”

-Copied from Michigan Inspection Bureau’s letter dated July 20, 1923.

Box 126, Folder 14.

“All of the above goes to show that pulverized coal if delivering the goods
and that higher efficiencies can be obtained with it than by any other method, and
that pulverized coal enables them to operate their plants more economically.”

-Fuller Engineering Co. letter to C&H, February 3, 1923

Box 126, Folder 20.
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There were narrow gauge railroad tracks running between the Coal
Pulverizing Plant and the No. 22 Stack.

Box 127, Folder 1.

September 18, 1953, flow-sheet showing the present flow in our Coal
Pulverizer Plant.

The plant used roller mills to break up the coal.

Building Timeline:

1924 - Plant construction is underway

1924 - Plant Sketches

1927 - C&H Smelting Works No. 20 Furnace Building, No. 20, 21 Coal Storage &
Burning System Blueprint; Drawing # 9030

1928 - Sanborn

1935 - Sanborn

1941 - Brick Dust Mill Air Separating System Blueprints (6’ Mechanical separator —
single whiz. Chromium Min. & Smelt. Corp. Ltd., Raymond Pulverizer Division)

1943 - Narrow gauge railroad tracks running between the Coal Pulverizing Plant and the
No. 22 Stack

1946 - Raymond Pulverizer Division proposal

1953 - Flow-sheet showing the present flow in the Coal Pulverizer Plant

1960 - Roller mills were in use at the Pulverizing Plant

1968 - C&H sold to Universal Oil Products

1969 - All of Calumet Division closed on April 8, 1969 with $13 mil writedown of assets

Potential Waste/Pollution Concerns:

The coal supplied for power was delivered at the C&H coal dock in Hubbell, pulverized
at the Coal Pulverization Plant (after 1917), and utilized as the most efficient means to
deliver power. A major by product of coal use (and pulverization) is fly ash that is
dispersed through the local environment through smokestacks and accumulates in
furnaces. Interviewee #1 indicated that the remaining furnace fly ash was probably
deposited into Torch Lake from the smelter yard. PAHs (polyaromatic hydrocarbons) are
one hazardous waste produced by coal burning and fly ash production.
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16. C&H Smelting & Refining Plant

Significant: Yes
Alternative (common) names for building:

Dates:
1. Built: 1887
2. Modified (external structure): 1930
3. Ceased operation: 1968
4. Structure removed:
5. Last time seen on map/aerial photo:
Maps available:

Sanborn Fire Insurance Maps, Michigan Tech Archives: 1928, 1935.
Army Corps of Engineers, Michigan Tech Archives: 1897, 1905, 1924, 1934, 1943,
1950, 1962, 1970.
C&H Collection (MTU Archives):
General map of mills, MS002-138-13-millsmap.
MS002-138-17-9003, 1929.
MS005-9654, 1931.
MS005-12307, 1960.

Building narrative:

The Smelting and Refining Plant was constructed in 1887 and in 1893 it covered about
30 acres, was connected to the mills by short railway, 4 stone furnace buildings — 80 x
130 ft, and had a water source from an artesian well. In 1924 the smelter was the central
plant that pulverized the coal used as fuel, about 12 tons of coal per hour. In 1930 the
smelter main furnace building was extended 45 ft north. In 1944 the smelter had a
process for removing arsenic from soda slag by leaching the later with soda solution.
Two major furnaces were rebuilt in 1957 and another two in 1965, but the smelter closed
in 1968 with the company.

Supporting documents:
See: Lovell and Kenny, “Present Smelting Practice” Mining Congress Journal. 1931.

From C&H Collection (MTU Archives): These selections illustrate the issues of waste
associated with the smelting facilities (slag, fly ash)

Box 127, Folder 30.

Aug. 21, 1925, one slag car requires five to six hours to solidify before it can be
dumped, which means that C&H needs more slag cars. They must dispose of at least 130
tons of waste slag per day, and each car averages 6.5 tons of slag.

Box 199, Folder 20.
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May 6, 1954, memorandum saying that fly ash was blended into the fertilizer. Fly
ash is held in inventory at the Smelter and that it is put through a gravity concentrator to
concentrate the copper out of it to about 70%. Overall, it is much more efficient to use the
fly ash in the fertilizer than to purify it and extract the copper.

Box 201, Folder 25.
Chemical removal of soot and slag from boiler furnaces & documents discussing
flue dust and how to recycle or reduce it.

Box 86, Folder 20.
Smelter has decreased activities, so C&H has told them to buy more scrap metal
to process — 1961.

Box 86, Folder 22.
Procedure at the smelter (1969) & large smelter flow sheet (1946).

From C&H News and Views, August 1946: Processing “Copper Mud”

After a period of experimentation, C&H introduces a new material to its secondary
copper department (reclaiming copper from waste materials), with the treatment of
“Copper Mud.”

From research notes: The latest addition to this family of processes is one which makes
possible the treatment of “Copper Mud”, a waste product resulting from the drawing of
copper wire. The material as received is a pasty mixture of fine copper, oil, grease, floor
sweepings, etc., having an average copper content of the order of 25%, and a combination
of animal, vegetable and mineral oils of approximately 40%. As received, the material is
not suitable for direct furnacing due to the presence of the high percentage of fat and
water; but after several months of experimentation, a procedure was worked out which
not only makes possible the recovery of the copper in a highly concentrated useful form,
but fat by-products as well. The equipment required to process the material involves a
large lead-lined digester, filters, grease accumulation tanks, copper recovery tank, and a
10,000-gallon storage tank for grease.

Installation of the various units was started during June and production on a
limited basis began the middle of August. It is expected that the unit will be operating on
a continuous basis by September first.

The copper recovered as a metallic concentrate contains approximately 75%
copper and in this form is suitable for direct furnacing with other concentrates. The fat is
reclaimed as a semi-clear liquid and will be accumulated in 8,000 to 10,000-gallon
batches (40,000 to 60,000 Ibs.) for shipment in tank cars.

The fat or grease is classified as an inedible oil, and will be shipped into the
Chicago district for processing into oleic and stearic acids and for the manufacture of
industrial soaps.

It is anticipated that the process will add several hundred thousand pounds of
copper per month to the smelter intake, with the recovery of from 20,000 to 30,000
gallons by-product fat which can be readily marketed at an attractive price.” (p. 1)
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Building Timeline: C&H Smelting & Refining:

1887 - Under construction

1893 - Covers about 30 acres, connected to mills by short rail, 4 stone furnace buildings
(80 x 130 ft), water source from artesian well

1902 - 5 furnaces rebuilt

1913 - Smelting at Buffalo, NY discontinued, all smelting done on Torch Lake

1924 - Central Plant for furnishing pulverized fuel added

1926 - Second Refining Furnace under construction (Electrically operated, 40 ft Clark
casting machine, 800 KW turbo generator being installed)

1927 - Refining Furnace in operation, melting furnace being installed

1928 - Sanborn

1928 - Melting Furnace in operation, 800 HP waste heat boiler installed

1929 - Small, hand-dipped furnaces being dismantled, furnaces supply steam to a turbo-
generator that furnishes electric current for power and lighting

1935 - Sanborn

1944 - Process for removing arsenic from soda slag by leaching the later with soda
solution is now in regular operation, new refining furnace installed

1946 - 2 furnaces rebuilt

1947 - new refining furnace

1956 - 2 major furnaces rebuilt

1965 - 2 furnaces rebuilt

1968 - C&H sold to Universal Oil Products

1969 - All of Calumet Division closed on April 8, 1969 with $13 mil writedown of assets

Potential Waste/Pollution Concerns:

The major waste by-products from the smelter were slag and fly ash. C&H typically
loaded slag (probably granulated slag) onto special rail cars whose sides dropped open
for dumping of the slag. It is likely that the slag deposits adjacent to the smelter on the
south (and north of Hubbell Beach) was the primary deposit site for smelter slags.
Granulated slags (as opposed to hardened lump or rock-like slag) are more vulnerable to
sloughing of heavy metals that remain in the smelter waste. Fly ash deposited in the
furnaces was likely disposed of in Torch Lake. However, in the 1950s, C&H conducted
studies of the copper content of fly ash to determine if it would be cost-effective to
process the ash and retrieve the copper. It is unclear whether C&H ever developed a
copper recovery program from fly ash.

The smelter yard is another location of possible hazardous waste contamination. In 1945,
C&H launched its “Secondary Metal Department”—an indication that reclamation of
copper from scrap metal waste had become an important part of the business. C&H News
and Views has photographs of burning some of the secondary waste material before
treating it in the smelter: co-axial telephone cable, stripping insulation from armored
Navy cable, burning insulation and grease from motor parts, etc. (July, 1945 issue). In
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addition, interviewees mention that the smelter yard was a site for burning copper wire to
remove the insulation before smelting.

Dismantling of the Smelter furnaces would have left brick that had been contaminated
with heavy metals. It is likely this material was deposited in dump locations or possibly
in Torch Lake, or along the slag piles south of the Smelter.
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17. C&H Smelter Electric Shop

Significant: Yes
Alternative (common) names for building:

Dates:
1. Built: 1887

2. Modified (external structure):

3. Ceased operation: 1968

4. Structure removed:

5. Last time seen on map/aerial photo:
Maps available:

Sanborn Fire Insurance Maps, Michigan Tech Archives: 1928, 1935.
C&H Collection (MTU Archives):
MS002-138-17-9003, 1929.

Building narrative:
To date there is no available information on the Electric Shop at the Smelter, other than
its appearance on Sanborn maps.

Supporting documents:
Building Timeline: C&H Electric Shop (in the Smelter):

1928 - Sanborn
1935 - Sanborn
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18. C&H Smelter Power Plant

Significant: Yes
Alternative (common) names for building:

Dates:
1. Built: 1887

2. Modified (external structure):

3. Ceased operation: 1968

4. Structure removed:

5. Last time seen on map/aerial photo:
Maps available:

Sanborn Fire Insurance Maps, Michigan Tech Archives: 1935.
C&H Collection (MTU Archives):
MS002-138-17-9003, 1929.

Building narrative:

This building was actually a portion of the larger smelter building, which housed the
electrical transformers and turbo generators to power the smelter facilities.

Supporting documents:
The Mining Congress Journal, October 1931, page 546 — 1 turbo generator

Building Timeline: C&H Smelter Power Plant:

1935 Update of 1928 - Sanborn

Blueprint on Drawing '9003' - 1929

1 Turbo Generator according to Drawing '9654' - 1931
Shown on Drawing '11461' - 1948

Shown on Drawing '12307'— 1960

Potential Waste/Pollution Concerns:
PCBs, as noted in description of Coal Dock Substation and C&H power plant.
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19. C&H Electrolytic Plant

Significant: No
Alternative (common) names for building:

Dates:
1. Built;: 1912

2. Modified (external structure):
3. Ceased operation: 1922
4. Structure removed: Still exists — currently known as Osmose (PCI)
5. Last time seen on map/aerial photo:
Maps available:

Sanborn Fire Insurance Maps, Michigan Tech Archives: 1928.
General map of mills, MS002-138-13-millsmap.
C&H Collection (MTU Archives)

MS002-138-17-9003, 1929.

Building narrative:

The Electrolytic Plant foundation was completed in 1912 and was 155 x 270 ft. The
facility closed in 1922 and did not re-open.

The Electrolytic Plant purified copper through dissolving the unprocessed copper on
electrodes and electroplating it. This only lasted a few years in the Keweenaw as the
process did not work well on native copper.

Supporting documents:

See entries in H. Steven‘s Mine Handbook for C&H between 1912 and 1922 for a short
history of the electrolytic plant which proved to be unprofitable for Lake Superior copper
(i.e. it did not have an adequate silver content to the ore, making the process successful).

Building Timeline: C&H Electrolytic Plant:
1922 - Not operated since 1922
1928 - Sanborn

Potential Waste/Pollution Concerns:
No information available.
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20. C&H Acid Treating Plant

Significant: No

Alternative (common) names for building:

Dates:

1. Built: 1919?

2. Modified (external structure):

3. Ceased operation: 19227

4. Structure removed:

5. Last time seen on map/aerial photo:
Maps available:

Sanborn Fire Insurance Maps, Michigan Tech Archives: 1928.

Building narrative:

This building is believed to have been associated with the Electrolytic Plant and

operations would have ceased in 1922.

Supporting documents:

Building Timeline: C&H Acid Treating Plant:

1928 - Sanborn
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21. Jos. Ethier & Co. Lumber

Significant: No
Alternative (common) names for building:

Dates:
1. Built: 1898

2. Modified (external structure):

3. Ceased operation:

4. Structure removed:

5. Last time seen on map/aerial photo:
Maps available:

Army Corps of Engineers, Michigan Tech Archives: 1905, 1924, 1934.

Building narrative:

Jos. Ethier & Co. was a lumber company in Hubbell, MI. In 1905 Joseph H. LeBlanc
bought out Ethier’s share and the business was renamed after LeBlanc and sons.

Supporting documents:
None, other than appearance on maps.

Building Timeline:
Not known.
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22. Hubbell Garbage Dump

Significant: Yes
Alternative (common) names for building: Hubbell Beach, Hubbell Dump

Dates:
1. Built: Unknown

2. Modified (external structure):

3. Ceased operation: pre-1984

4. Structure removed:

5. Last time seen on map/aerial photo:
Maps available:

Army Corps of Engineers, Michigan Tech Archives: 1988 — Ramp at Hubbell Beach

Site narrative:

The Hubbell Dump is believed to be the municipal dump for the Hubbell area as well as
Torch Lake Township. It was located just south of the C&H Smelter, which has led
researchers to believe that it was also used as a dump for smelter slag and other company
waste. It was cleaned up in the 1980s and turned into a park with a beach and boat launch
for the local community. Archival and Township records have yet to provide any
substantial information about the area.

Supporting documents:

Torch Lake Township Recreational Plan 2009-1013. Prepared by WUPPDR (no date).
MTU Archive - Vertical Files: Townships — Torch Lake.
Hubbell dump closed before 1984; area was using the Calumet Twp. landfill by
then.
Interview #3
See Summary for Interview #3: description of types of materials deposited in dump site.

Timeline:
To date, no known dates on first and last use of this dump site.
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2.2 — Torch Lake Building Chronologies
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Section 3: GEOSPATIAL DATA AND MAPS
Phase 1: North End of Torch Lake to Hubbell Beach

3.1 — Geospatial Data Products

This section describes all the newly available geospatial data and the associated
maps, which are serve as a graphical representation of the data provided. MTRI has
made available Sanborn and other generic blueprints, which cover the 18 buildings listed
in Appendix A of the current Phase 1 statement of work. Here are the 18 buildings which
MTRI has provided GIS-ready data, and associated maps:

e Houghton County Electric Light & Power (Sub-Station #9)
C&H Flotation Plant

C&H Leaching Plant

C&H Regrinding Plant No. 2
C&H Regrinding Plant #1
C&H Regrinding Plant #2

Lake Linden Substation
Calumet Stamp Mill

Hecla Stamp Mill

Still House

C&H Power Plant

C&H Boiler House

Coal Dock Sub-Station

C&H Mineral House

C&H Smelting and Refining
C&H Electric Shop (in smelter)
C&H Smelter Power Plant
C&H Electrolytic Plant

C&H Acid Treating Plant

These data have been previously shared with MDEQ and Weston Solutions Inc.
A Compact Disc with these data and reports will be delivered to the MDEQ, however
these data and maps can also be found at the following address:

ftp://ftp.mtri.org/pub/Torch Lake GIS/Revised Maps and BluePrints/
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ftp://ftp.mtri.org/pub/Torch

The following will breakdown the GIS-ready GeoTiff file name; the buildings which are
located within each file and map figure numbers which are below.

1.

File Name: 1928LakeLindenAugl1928Sheet7b CoElec.tif;
Building(s) Located: Houghton Count Electric Light and Power
Figures 1 and 2

File Name: 1928LakeLindenAugl1928Sheet8.tif

Building(s) Located: C&H Flotation Plant, Sub-Station, C&H Leaching Plant,
C&H Regrinding Plant No. 1, C&H Regrinding Plant No. 2, Calumet Stamp
Mill, Hecla Stamp Mill, Still House, C&H Boiler House, C&H Power Plant
Figures 3 and 4

File Name: 1928LakeLindenAug1928Sheetlindex HubbellTamarackNorth.tif
Building(s) Located: Mineral House, Electric Shop, C&H Smelter, C&H
Smelter Power Plant, Electrolytic Plant, and Acid Treating Plant.

Figures 5 and 6

File Name: MS002-138-13-millsmap-001_georef.tif
Building(s) Located: Coal Dock Sub-Station
Figures 7 and 8

File Name: MS002-138-17-9003-georef.tif
Building(s) Located: C&H Smelting, Electric Shop, and Mineral House
Figures 9 and 10

File Name: MS005-6967-georef.tif
Building(s) Located: Coal Dock Sub-Station
Figures 11 and 12

. File Name: MS005-7928-georef.tif

Buildings(s) Located: Hecla Stamp Mill, Still House, C&H Power Plant, C&H
Boiler-House, Coal Dock Sub-Station, Mineral House
Figures 12 and 13
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Figure 1: Here, the Sanborn GeoTiff file “1928LakeLindenAug1928Sheet7b_CoElec.tif” can be seen with
the outline of the Houghton County Electric Light & Power Building overlaid upon the data.
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Figure 2: Similar to Figure 1, this map shows the location of the Houghton County Electric Light & Power
Building. However, the underlying Sanborn data has been removed to show modern aerial imagery as
provided by the ESRI ArcGIS Company.
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Figure 3: Here, the Sanborn GeoTiff file ” 1928LakeLindenAugl928SheetS.tif”” can be seen with the
outlines of multiple buildings, which include: C&H Flotation Plant, Sub-Station, C&H Regrinding Plant
No. 1, C&H Regrinding Plant No. 2, C&H Leaching Plant, Hecla Stamp Mill, Calumet Stamp Mill, Still
House, C&H Boiler House and the C&H Power Plant
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Figure 4: Similar to Figure ,3 this map shows the various buildings listed in Figure 3. However, the
underlying Sanborn data has been removed to show modern aerial imagery as provided by the ESRI
ArcGIS Company.

51



Figure 5: The Sanborn GeoTiff file "1928LakeLindenAugi928Sheet] index HubbellTamarckNorth.tif”’
can be seen with the outlines of multiple buildings, which include: C&H Smelter, C&H Smelter Power
Plant, Mineral House, Electric Shop, Acid Treating Plant, and the Electrolytic Plant.
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Figure 6: Similar to Figure 5, this map shows the various buildings listed in Figure 5. However, the
underlying Sanborn data has been removed to show modern aerial imagery as provided by the ESRI
ArcGIS Company.
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Figure 7: Here, the blueprint GeoTiff file “MS0023-138-13.tif” can be seen with the outline of the Coal
Dock Sub-Station overlaid upon the data.
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Figure 8: Similar to Figure 7, this map shows the outline of the Coal Dock Sub-Station. However, the
underlying Blueprint data has been removed to show modern aerial imagery as provided by the ESRI
ArcGIS Company.
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Figure9: Here, the blueprint GeoTiff file “MS0023-138-17-9003-georef-tif” can be seen with the outline of
the C&H Smelting & Refining, Electric Shop, and partial coverage of the Mineral House overlaid upon the
data.
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Figure 10: Similar to Figure 9, this map shows the outline of the various buildings. However, the
underlying Blueprint data has been removed to show modern aerial imagery as provided by the ESRI
ArcGIS Company.
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Figurell: Here the blueprint GeoTiff file “MS005-6967-georef-tif” can be seen with the outline of the Coal Dock Sub-
Station overlaid upon the data.
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Figure 12: Similar to Figure 11, this map shows the outline of the Coal Dock Sub-Station. However, the
underlying Blueprint data has been removed to show modern aerial imagery as provided by the ESRI
ArcGIS Company.

59



Figurel3: Here the blueprint GeoTiff file “MS005-7928-georef.tif” can be seen with the outline of the Coal Dock Sub-
Station, Mineral House, C&H Power Plant, C&H Boiler House, Still House and the Hecla Stamp Mill overlaid upon
the data.
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Figure 14: Similar to Figure 13, this map shows the outline of the various buildings. However, the
underlying Blueprint data has been removed to show modern aerial imagery as provided by the ESRI
ArcGIS Company.
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MTRI also shared another set of GIS-ready data with MDEQ and the Weston
Consulting Company. The file, titled “C_and H Historic Buildings.shp,” is a GIS
shapefile data set and was derived from existing data. This shapefile was used to in each
of the above figures as the “Historic Building Locations” layer, which are displayed as
red polygons. This dataset contains an associated description table, known as an attribute
table, which can be used in most GIS software packages. The table contains important
information about each of these buildings, such as the date the buildings were erected,
dates of new activity or products, and date of demolition or production stoppage. Figure
9 is an example of these data.

Figure 9: Here is an example of the attributed information that accompanies the shapefile that MTRI
delivered to MDEQ and Weston. Some of the information includes the year of construction, demolition,
and other important dates such as changes in production or machinery.

In addition to this GIS-ready file, MTRI provided a Microsoft Excel file, which contains
all of the information that can be found in the attribute table mentioned previously. This
Excel file is for use outside of GIS software. The Excel file is titled

“Phasel Building Details_and Dates LakeLinden Hubbell.xlsx”

All of these products described above can be found on the MTRI, File Transfer
Protocol (FTP) website, which can be found by cutting and pasting the follow address
into any web-browser:

ftp://ftp.mtri.org/pub/Torch Lake GIS/Revised Maps and BluePrints/

These data will also be shared directly with MDEQ on a Compact Disc.
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3.2 — Blueprints and Sanborn Files

In addition to the GIS data layers and maps, we will also be delivering separate
Blueprint and Sanborn files for use outside of GIS software. These files will include all
of the previously mentioned Sanborns and Blueprints, but will also include all of the
original files that have been shared with MDEQ and Weston Solutions Inc. The
following list will breakdown the file name; the buildings which are located within each
file (if known) and the corresponding figure number found below.

Sanborn Files

1.

File Name: 1928LakeLindenAug1928Sheet7b_CokElec.tif;
Building(s) Located: Houghton County Electric Light and Power
Figure 15

File Name: 1928LakeLindenAugl1928Sheet8.tif

Building(s) Located: C&H Flotation Plant, Sub-Station, C&H Leaching Plant,
C&H Regrinding Plant No. 1, C&H Regrinding Plant No. 2, Calumet Stamp
Mill, Hecla Stamp Mill, Still House, C&H Boiler House, C&H Power Plant
Figure 16

File Name: 1928LakeLindenAug1928Sheetlindex HubbellTamarackNorth.tif
Building(s) Located: Mineral House, Electric Shop, C&H Smelter, C&H
Smelter Power Plant, Electrolytic Plant, and Acid Treating Plant.

Figure 17

File Name: 1935sanborn Weston 20101207 Power Plant SArpt.tif
Building(s) Located: Calumet Stamp Mill, Still House, Electric Shop, Hecla
Stamp Mill, Regrinding Plant No. 1, Regrinding Plant No. 2, Leaching Plant,
Flotation Plant

Figure 18

Blueprint Files

1.

File Name: MS002-138-13-millsmap-001.tif
Building(s) Located: Coal Dock Sub-Station
Figure 19

. File Name: MS002-138-17-900.tif

Building(s) Located: C&H Smelting, Electric Shop, and Mineral House
Figure 20

File Name: MS005-6967..tif

Building(s) Located: Coal Dock Sub-Station
Figure 21
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4. File Name: MS005-7928.tif
Building(s) Located: Hecla Stamp Mill, Still House, C&H Power Plant, C&H
Boiler-House, Coal Dock Sub-Station, Mineral House
Figure 22

5. File Name: MS005-9654.tif
Building(s) Located: Mutual Pump Station, Tamarack Reclamation Sub-
Station, Ahmeek Mill Power Plant, Ahmeek Pump House, Coal Dock Sub-
Station, Smelting Works, Lake Linden Power Plant, Regrinding Plant No. 2
Sub-Station, Still House, Calumat Sub-Station, #1N. Kearsarge Sub-Station,
#2 Ahmeek Sub-Station, #3&4 Ahmeek Sub-Station, Cliff Sub-Station,
Phoenix Sub-Station, Tamarack #5 Sub-Station, Tamarack Water Works, and
Lake Superior Water Works.
Figure 23

6. File Name: MS005-9966.tif
Building(s) Located: Lake Linden Power Plant, Centennial Sub-Station,
Calumet Sub-Station, #2 Ahmeek Sub-Station , #3&4 Ahmeek Sub-Station,
Central Sub-Station, #1 Iroquois Sub-Station, #3 Allouez Sub-Station, #5
Tamarack Sub-Station, Tamarack Water Works, C&H Water Works
Figure 24

7. File Name: MS005-11461.tif
Building(s) Located: Ahmeek Power Plant, Smelter Coal Dock, Lake Linden
Power Plant, Regrinding Plant #2, Calumet Sub-Station, Centennial Sub-
Station, #3 Allouez Sub-Station, #2 Ahmeek Sub-Station, #3&4 Ahmeek Sub-
Station, Iroquois Sub-Station, Tamarack Water Works, and C&H Water Works
Figure 25

8. File Name: MS005-12307.tif
Building(s) Located: Quincy Booster Pump Station, Tamarack Reclamation,
Ahmeek Power Plant, Coal Dock, Smelter, Regrinding Plant No. 2, Lake
Linden Power Plant, #2 Centennial Sub-Station, #3 Centennial Sub-Station, #6
Centennial Sub-Station, #4 N. Kearsarge Sub-Station, #3 Allouez Sub-Station,
#2 Ahmeek Sub-Station, #3&4 Ahmeek Sub-Station, Iroquois Sub-Station, #2
Seneca Sub-Station
Figure 26
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Figure 15: Here is the Original Sanborn file “1928LakeLindenAugl928Sheet7b_CoElec.tif”’showing the Houghton
County Electric Light and Power building.
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Figure 16: The original Sanborn file “1928LakeLindenAug1928Sheet8.tif” provided here covers the locations of the
C&H Flotation Plant, Sub-Station, C&H Leaching Plant, C&H Regrinding Plant No. 1, C&H Regrinding Plant No. 2,
Calumet Stamp Mill, Hecla Stamp Mill, Still House, C&H Boiler House, C&H Power Plant buildings.
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Figure 17: The original Sanborn file “1928LakeLindenAugl928Sheetlindex HubbellTamarackNorth.tif” here covers

the locations of the Mineral House, Electric Shop, C&H Smelter, C&H Smelter Power Plant, Electrolytic Plant, and
Acid Treating Plant buildings.
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Figure 18: The original Sanborn file “1935Sanborn_Weston 20101207 Power Plant SArpt.tif” shown above contains
the locations of the Calumet Stamp Mill, Still House, Electric Shop, Hecla Stamp Mill, Regrinding Plant No. 1,
Regrinding Plant No. 2, Leaching Plant, Flotation Plant buildings.
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Figure 19: This original blueprint file “MS002-138-13-millsmap-001.tif” contains diagrams of infrastructure and
other buildings, including the Coal Dock Sub-Station.
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Figure 20: This original blueprint file “MS002-138-17-900.tif” shows the locations of the C&H Smelting, Electric
Shop, and Mineral House buildings along with other infrastructure.
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Figure 21: This original blueprint file “MS005-6967.tif” contains the schematics of the Coal Dock Sub-Station.
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Figure 22: The original blueprint file “MS005-7928.tif” here contains schematics for the Hecla Stamp Mill, Still
House, C&H Power Plant, C&H Boiler House, Coal Dock Sub-Station, and Mineral House buildings.
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Figure 23: The original blueprint file “MS005-9654.tif” here shows the electrical diagrams between the following
buildings; Mutual Pump Station, Tamarack Reclamation Sub- Station, Ahmeek Mill Power Plant, Ahmeek Pump
House, Coal Dock Sub-Station, Smelting Works, Lake Linden Power Plant, Regrinding Plant No. 2 Sub-Station, Still
House, Calumat Sub-Station, #1N. Kearsarge Sub-Station, #2 Ahmeek Sub-Station, #3&4 Ahmeek Sub-Station, Cliff
Sub-Station, Phoenix Sub-Station, Tamarack #5 Sub-Station, Tamarack Water Works, and Lake Superior Water
Works.
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Figure 24: The original blueprint file “MS005-9966.tif” here shows more electrical schematics for the following
buildings; Lake Linden Power Plant, Centennial Sub-Station, Calumet Sub-Station, #2 Ahmeek Sub-Station , #3&4

Ahmeek Sub-Station, Central Sub-Station, #1 Iroquois Sub-Station, #3 Allouez Sub-Station, #5 Tamarack Sub-Station,
Tamarack Water Works, C&H Water Works.
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Figure 25: The original blueprint file “MS005-11461.tif” above, shows diagrams between the following buildings;
Ahmeek Power Plant, Smelter Coal Dock, Lake Linden Power Plant, Regrinding Plant #2, Calumet Sub-Station,

Centennial Sub-Station, #3 Allouez Sub-Station, #2 Ahmeek Sub-Station, #3&4 Ahmeek Sub-Station, Iroquois Sub-
Station, Tamarack Water Works, and C&H Water Works.
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Figure 26: The original blueprint file “MS005-12307.tif”” above shows more schematics between the following
buildings; Quincy Booster Pump Station, Tamarack Reclamation, Ahmeek Power Plant, Coal Dock, Smelter,
Regrinding Plant No. 2, Lake Linden Power Plant, #2 Centennial Sub-Station, #3 Centennial Sub-Station, #6
Centennial Sub-Station, #4 N. Kearsarge Sub-Station, #3 Allouez Sub-Station, #2 Ahmeek Sub-Station, #3&4 Ahmeek
Sub-Station, Iroquois Sub-Station, #2 Seneca Sub-Station.
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To summarize section 3, MTRI has produced a series of GIS-ready files which
include Sanborn and blueprint GeoTiffs; as well as additional GIS-ready file which
shows the outlines of each of the 18 buildings along with a timeline of important dates.
To supplement these GIS data, we are sharing maps with all the GIS data overlaid upon
them. These GIS data and maps are available on the accompanying Compact Disc and
are in a folder titled “GIS.” The GIS data will be in a sub-folder titled “Data” and the
maps will be in a separate folder titled “Maps.” As previously described we also
included a Microsoft Excel document, which contains all the important dates of the 18
buildings for use outside of GIS workstations. This Excel file is also available on the
Compact Disc

In addition to these GIS data and maps, we are also including all of the original
Sanborn and blueprints for use outside of GIS workstations. These original files are on
the Compact Disc and can be found separate folders titled “Sanborn” and “Blueprints”
respectively.
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Section 4: SUPPORTING DOCUMENTATION
Phase 1: North End of Torch Lake to Hubbell Beach

4.1 — Annotated Bibliography

Annotated Bibliography of Sources on Lake Superior Copper
Milling /Refining and Calumet & Hecla Facilities

The sources listed below were systematically consulted for information on C&H
Torch Lake facilities and the milling and metallurgical processes for refining copper.
They provide critical information for anyone continuing to research the industrial
history of the Torch Lake waterfront. Because MTU Archives has an extensive map
collection, a separate annotated bibliography is provided.

(1.) Published sources
Benedict, C. Harry. Red Metal: The Calumet and Hecla Story. 1952.

The history of C&H, written by the engineer who helped developed some of
the major milling and refining processes along Torch Lake.

Benedict C. Harry. Lake Superior Milling Practice: A Technical History of a Century of
Copper Milling. 1955.
A valuable technical treatise of the major milling and refining processes
(including flotation and leaching) utilized in the Lake Superior copper mines.
Provides a good historical account and detailed description of the
development of innovative methods in which mining engineer Benedict
participated.

Stevens, Horace |. Copper Handbook. 1900-1913. Continued as the Mines Handbook
to 1931.
Provides a good reference to the major changes in processes and facilities by
company (C&H, Quincy, Copper Range, and earlier companies absorbed by
these three firms. Draws heavily upon company annual reports and news
accounts.

(2.) Professional journals for mining engineers (found in MTU Van Pelt
Library, general collection)

Engineering and Mining Journal (1918-1940)
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Engineers from C&H regularly wrote articles on developments in copper milling,
smelting, and reclamation processes. To date articles were collected on all C&H
facilities from 1918 to 1940—the most active period in milling, leaching, flotation,
and refining innovation at C&H. Most of the processes developed in the 1910s and
1920s remained the same (with some modifications). These articles provide useful
information for Phase 1 Buildings during this period:

“Ammonia Leaching of Calumet Tailings” (C.H. Benedict) July 14,1917

“Developments in Lake Superior Milling” (C.H. Benedict) July 5, 1919

“The Use of Pulverized Coal” (H.R. Collins) August 17,1918

“Six-Cent Copper from Calumet & Hecla Tailings” (C.H. Benedict) February

16,1924

Mining Congress Journal. October 1931. Series on C&H Facilities
This issue provides a detailed overview of major facilities and processes at C&H in
1931.
“Transportation System and Coal Dock” (F.H. Haller)
“Electric Power Generation” (Rober McIntosh and A.L. Burgan)
“Milling” (C.H. Benedict)
“Flotation Practice” (Robert M. Haskell)
“Historical Development of Refining and Smelting Native Copper” (H.D.
Conant)
“Smelting and Refining Native Copper” (HD Conant)
“Present Smelting” (E.R. Lovell and H.C. Kenny)

(3.) MTU Archives - Collections and Resources

Calumet and Hecla Mining Companies Collection. MS-022

This is an extensive collection of company records that includes correspondence,
production records, financial accounts, maps, and blueprints. The finding aid
(which is searchable by key word) can be located online at:
http://www.mtu.edu/library/archives/collections/documents/MS002 Hecla and

Calumet.pdf

C&H News and Views

A newsletter for employees printed by C&H between 1942 and 1949. It contains
updates on new production and processing activities during this era, including
substantial information on updates to facilities, new practices, and on topics not
regularly found in other materials—e.g. water supply, transportation, etc. Is a good
chronological source for the era after which the Steven‘s Mine Handbook, ceases to
detail company activity. Call number in MTU Archives: F574.C2 C33 ARCH.

Calumet and Hecla Annual Reports
Provides an annual view of operations, new developments, financial information.
Often recorded in more descriptive form in Steven's Copper Handbook and Mine
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Handbook—yet worth utilizing to put developments in context of overall company
financial picture and developments in non-Torch Lake facilities.

Daily Mining Gazette (DMG)

There is no index for the DMG and the paper must be read on microfilm in the MTU
Archives. It is best utilized for specific time periods where known events would be
recorded and described. For this project, the DMG is being read from 1968-1975 for
information on the closing, dismantling, and disposal of C&H properties along Torch
Lake. The C&H Collection is silent on this time period, with no records on what
happened to individual facilities.

The Native Copper Times

A weekly newspaper published in Lake Linden, on microfilm in the MTU Archives.
This paper is utilized for information on the 1968-1975 period, investigating the
closing, dismantling, and disposal of buildings along Torch Lake.
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4.2— Annotated Bibliography of Maps (MTU Archive)
Annotated Bibliography of Maps

Michigan Tech Archives & Copper Country Historical Collections,
Michigan Technological University, Michigan.

Section A — MTU Archives Map Collection

13200 Volt — Electric Distribution System. March 13, 1931. MS005-9654.
e Shows the C&H electric system originating from the Lake Linden power plant
and spanning from Tamarack to Lake Linden, and Lake Superior Water Works to
Phoenix.

13200 Volt Transmission Line for Mine. June 13, 1934. MS005-9966.
e Update of the C&H electric system originating from the Lake Linden power plant
and traveling to Lake Superior and to the Central Mine.

Army Corps of Engineers. Keweenaw Waterway Michigan including Torch Lake, Chart
No. 944.
Detroit, MI. March 15, 1905, October 7, 1908, April 18, 1917, September 1943,
September 1964, January 1967, January 1970, and June 1973. Map Folders 20 j,
20 k,

201, and 20 m.

e These are a series of maps made by the Army Corps of Engineers showing the
Keweenaw Waterway. Over time there is change in the waterfront including
the transformation of company land and buildings as well as the filling up of
the lake due to stamp sand deposits. By the 1970s the northernmost area of
Torch Lake is almost all filled in, and the sunken dredge can be seen as a

shipwreck from the 1964 map onward.

Board of County Road Commissioners Houghton Co. Engineer: T.A. Coon, Surveyor:
W.L. Kaiser, Plotter: A. Sippola, August 1928. Map Folder 27 bb.
e This map shows the towns and companies along the coast of Torch Lake

including Quincy, C & H, Osceola, Lake #2, Tamarack, Mellonsville, and
Ahmeek.

Calumet and Hecla Consolidated Copper Company. Trap Rock Valley Railroad, General
Map
Calumet and Vicinity. April 11, 1924. Map Folder 27 w.
e Shows the industrial coast including the Tamarack Mill, Ahmeek Mill,
Hubbell,
C & H Smelter, C & H Stamp Mills, and Lake Linden.
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Calumet & Hecla Mining Company No. 2 Coal Dock Plan of Tracks & Buildings. 1:100.
June

18, 1917. MS005-7928.

e Shows the Torch Lake landscape from the north end of the Mineral Building

to the Power Plant, Boiler House, and Hecla Mill.

Calumet & Hecla No. 2 Coal Dock Sub-Station Floor. Ya:1. May 23, 1917. MS005-6967.
¢ Blueprint of the Coal Dock Sub-Station.

Calumet & Hecla Smelting Works. 1:50. March 1, 1918. Map Folder 61 c.
e Shows the Electrolytic Plant and substation.

C & H Stamp Mills and Houses. 1:290. 1966. Map Folder 61 c.
e Shows the power plant and substations in relation to the C & H mill complex.

C&H Smelting Works. 1:20. March 5, 1929. MS002-138-17-9003.
e Blueprint of the Smelting Works including the smelter power plant, mineral
storage building, and coal pulverizing plant.

General Map of Mills Along Torch Lake. 1:200. April 1, 1923. Map Folder 61 c.
e Shows the lakeshore from Osceola to Lake Linden.

Historic American Engineering Record. Quincy Stamp Mill Location. Eric Hansen, 1978.
Map Folder 26 c.
e QGives the layout of the buildings in the Quincy Stamp Mill complex including
the #1 and #2 pumps and boiler houses, tank house, oil house, and waste water

pipe.

Map of Quincy Property and Vicinity. Map Folder 5 k.
e Shows when Quincy lands were purchased. On Torch Lake before 1891 and
then in 1896 purchased from Mesnard & Pontiac companies.

sc eola, Lake N 2, Tamarack and Ahmeek Mill Sites. 1:600. March 1, 1918. Map Folder
61 c.
e Shows the power plant at Ahmeek and the substation.

Property at Mill, Ahmeek Mining Co. 1:100. April 1, 1923. Map Folder 61 c.
e Shows the Ahmeek Stamp Mill and the stamp sand lines.

Single Line 13KV System Diagram. March 4, 1948. MS005-11461.
e Update of the C&H electric system originating from the Lake Linden power
plant and spanning from Mason to Lake Linden, and Lake Superior Water
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Works to the Iroquois Mine, including line mergers with the Upper Peninsula
Power Co.
Single Line Diagram. September 8, 1960. MS005-12307.
¢ Final update of the C&H electric system originating from the Lake Linden
power plant and spanning from Mason to Lake Linden, and Lake Superior
Water Works to the Iroquois Mine.

United States Department of the Interior Geological Survey. Laurium, Mich. 1948
Edition. 1946.

Map Folder 3 a.

e Topological map of Torch Lake and the communities of Mason, Hubbell, and

Lake Linden as well as the Quincy mill complex.

Section B — MTU Archives Collection of Sanborn Fire Insurance Maps

Sanborn Map Company. Lake Linden Mich. New York, NY, September 1885. Map
Folder 32 a.

e Map #1. Torch Lake City with the waterfront.
e Map #2. Laurent Jacques Wagon Works on the Torch Lake waterfront.

Sanborn Map Company. Lake Linden Mich. New York, NY, July 1888. Map Folder 32 a.
e Map #3. East side of Torch Lake with the Gregory Lumber Yard and the west
side of Torch Lake with the Osceola Consolidated Mining Company’s stamp
mill.

Sanborn Map Company. Lake Linden Mich. 1:50. New York, NY, 1893. Map Folder 35
C.

e Map #1. 1:50. Armstrong and Thielman Planing Mill, C & H Dock and Mills,
and the Peninsular Electric Light and Power Company (Lake Linden Station)
including the coal trestle in the lake.

e Map #4. 1:50. Close-up of the Hecla Mill and the Calumet Mill.

e Map #6. 1:50. Shows the Gregory Sawmill and the Osceola Stamp Mill.

Sanborn Map Company. Lake Linden Mich. 1:50. New York, NY, 1900. Map Folder 35
C.

e Map #1. 1:50. Peninsular Electric Light and Power Company (including the
coal tramway and two outbuildings) and parts of the C & H complex.

e Map #5. 1:50. Hecla Mill and Calumet Mill.

e Map #8. 1:50. Tamarack #1 and #2 mills and Osceola #1 and #2 mills.
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e Map #9. 1:50. Centennial Mayflower and Old Colony Mining Company
Owners as well as sawmills on the east side of Torch Lake.

Sanborn Map Company. Hancock, Mich. 1:50. New York, NY, November 1907. Map
Folder
39 a.

e Map #21. Shows the Quincy Mining Company #1 and #2 stamp mills, coal
shed, and the waste water pipe at the Torch Lake shoreline.

Sanborn Map Company. Lake Linden Mich. New York, NY, May 1908. Reel 27.
e Map #1. 1:50. Houghton County Electric Light Company and the coal
tramway.
e Map #5. 1:50. C & H Power House near the Hecla Stamp Mill.

Sanborn Map Company. Hancock Mich. 1:50. New York, NY, August 1917. Map Folder
40 b.

e Map #18. Shows the Quincy Stamp Mill complex along the Torch Lake
shoreline.

Sanborn Map Company. Lake Linden Mich. New York, NY, October 1917. Reel 27.

e Map #6. 1:50. C & H regrinding and leaching plants and the C & H
substation.

e Map #7. 1:50. C & H Power House near the Hecla Stamp Mill.

e Map #8. 1:50. Houghton County Electric Light Company (shows no tramway
and says “vacant”).

e Map #13. 1:50. Mutual Water Light & Power Company near the Osceola
Consolidated Mining Company buildings.

Sanborn Map Company. Lake Linden. Chicago, IL, August 1928. Map Folder 32 b.

e Map #1. 1:600. Hubbell, Tamarack City, and Lake Linden, all owned by C &
H.

e Map #7. 1:50. C & H Consolidated Copper Co. Mine Timber Sawing Mill
(abandoned) and the Houghton County Electric Company (Transformer
House).

e Map #8. 1:100. All C & H owned: power plant, both Hecla and Calumet
stamp mills, regrinding plants #1 and #2, leaching plant, and the flotation
plant with lime treatment.

e Map #9. 1:100. C & H Smelter and Refinery, Electrolytic Plant and testing
house, and a power plant inside the smelter.

e Map #13. 1:50. C & H Consolidated Copper Co. Ahmeek Stamp Mills,
including the transformer house.
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e Map #14. 1:100. All C & H owned: Osceola, Lake #2, and Tamarack mills.
Also the Elec. Sub Station and the Mutual Water, Power & Light Co. at the
Tamarack Reclamation Plant.

Author: Emma Schwaiger
Industrial Archaeology MS Program
Social Sciences Department

March 2014
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Figure 3

reagents are added to the ball-mill feed.
The pulp density overflowing ball mill
classifier is 40 percent solids, but this
is lowered to 30 to 33 percent solids
for flotation.

Of the 800 tons of rock stamped per
head about 620 tons goes through the
Fahrenwald machine (Figure 4) and
most of the balance (primary slime over-
flow) goes to six 25-ft. diameter 3-tray
thickeners in the mill nt, the
thickened slime being elevated by means
of gix 4 in. diaphragm pumps to a 40-
ft. Forrester tion machine, which
does very good work on this class of
material.

The flotation cirenit is simple. The
feed enters the first cell of the Fahren-
wald machine and a final concentrate is
taken from the first two cells, From

into a side passage
rectly over the impeller, thus avoiding
the use of an elevator. This coarse con-
centrate averages nearly 60 percent cop-
per, so retreatment is not necessary, In-
creasging the grade of concentrate much
above this point increases the tailing
loss materially. As regards operating
conditions on the flotation machines it
is advisable to carry a very high pulp
level and comparatively small amount of
froth for best results in saving the
coarser particles of copper. Flotation
of most of the copper is rapid, as the
following curve shows:

Some of the heaviest particles lag be-

€ T ce a
trate is made which flows by gravity
in the first cell di-

hind and are recovered only in the final

cel

The flotation tailing flows to a 4-ft.
6-in. Dorr duplex classifier which makes
an overflow averaging about .04 percent
copper that amounts to 80 percent by
weight of the tailing and is discarded.
The sand product from the classifier is
split between four Wilfley tables upon
which a small amount of copper is recov-
ered that has proven to be too heavy to
float. The tables make a middling which
is cleaned up on a finisher table, and the
table tailings are combined with the clas-
&l oV w as a final tailing to be
pumped to the lake. The tables save
about & pound of cognper per ton treated,
which lowers the flotation tailing 'l"‘f-
proximately .01 percent copper. e
table concentrate is high grade. As only
a small amount of coarse sand is treated
any change in the flotation circuit is
magnified so that these tables make ex-
ceptionally good pilots.

The flotation concentrate is pumped to
a drag classifier for removal of the
coarse copper. The d overflow flows
to a 30-ft. traction thickener and the

thickened product is elevated by means
of a 2-in. pressure diaphragm-pump to
the classifier discharge in order to wash
the heavy copper into the filter, Thia
latter is a 6 ft. by 4 ft. Dorrco fitted
with a short helt conveyor for discharg-
ing the filter cake into a concentrate bin
which can be emptied into 50-ton hﬂpf)er-
bottom cars for shipment to the smelter,
The filter cake carries about 11 percent
moisture and the dry assay is 56 to 60
percent copper.

The filter is run with an overflow
which was at first returned to the con-
centrate thickener. This caused the
glime to build up and make a dirty over-
flow. Later the filter overflow was re-
turned to the Forrester flotation machine,
resulting in a better grade of concentrate
without raiging the flotation tailing, The
overflow of the concentrate thickener
under these conditions is clear and re-
mains o when operating conditions are
normal,

Typical screen analyses of flotation
feed and tailing and final tailing after
tabling are as follows:

Flot, Feed
Repank Ny, hay

Flot. Tailing

Final Talling
Percent Wi Assny  Percent Wt Ansay

7.1 a1
a2
.06
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Figure 7.
wluni, Loke Linden

Figure B, dwmonie swill in will
howiv, Labe Lindan

Hardinge pebble mills and  Wiifley
tables for ftrentmwnt of the reground
sand and recovery of the lbernted val-
ues. This waw Dullt we 8 Chilean mill
plant in 10T which mills were later
roplaced Ty Hardinge mills

3. Luuching  plant  where  animonia
leaching in practioed the crystalline
particies (plow 200 mwsli). This plant

was vanstrurted in 101

4. The fotabion plant for the recovery
of the waluss from sliowes,
i1}

erected in

of the

e Ne. 3 b & Bon abeit
; practios as examplified |
el il ol -
obe unll of b
mfing plant (wf whick
anits row opuraling

|l-:m elase i iewtiun,

dmmenta solution pumps in leaching

fow-sheet of the beavhing plant. (B. P
$e02.)
Cmsiise AND LRAVITY CONCESTRATMAS
The wre it mid bt evunhed in e
rack bowse 1 ale
of Blake cruhers and
the mill i» 0em cars
dumped inte the mill line whick have 2
bve capacity of sbeot WO fums, being
sufficiemt W hesp e wamps rannisg
werdinarily throughout the might. Ioter
medi rashing i» snlirvly by msans of
1 ampew, which i mingle ws-
paunsion stamp of yather complon design.
The stroke of the stemp (8 B4 s, the
weight of new show (8 wbout 725 Ihs.,
the weight of moving puete bt 6,000
Iha., amd e horsepower  developed v
just under 200
The #tamp wersens hawe 8710 im,
round spenings punched in s piste DAY
in t'hn-L 'F:u conres oopper e dis
charged from within the & m{ A
of & Woodlmry mortar jhg w r‘ rmber
twe prodocts, & serevn dischargs of
shogt 14 in neggets and larger, sl »
batch product aboot 1 fn minge Thiw
jig s artoated by & plunger sutside the
mortay and o dischargvil (ntermittenthy
The stamp produrt b oof 1 redees
ta M im, m sow classifed intn the
so-zalied alima uf nhowt 30 pesh and the
coarser sard for floe ngr amid table treat-
ment. For this purpose & Wisdbary
Jig-rlassifier |8 used which mukes four
peoducts:
1. Blimes at whout 81 mesh,
2, Huteh product for table treatinont.
3. Conrde copper coneentralas,
4, Canrse and Are Anned Lalling,
This Woadbury clusaifler waa
the Calomet & Heela and
effective for (he purposy, although v i
now belng displacsd 10 G greal wxiem?
in the distiet b the Dorr classifier
which makes caly twy producta bul elim.
instes diluthon of the sl
Thers ary two Tines of |'.|,-‘='||lh ;;;:
Fig=s per siamp. (Figurs &) kb
product of the Jigt s Lrented o Wilfey
tables sad the tmilings of these Wiifiers
along with the tailings of the fig n. o
the Na 1 rsgricding plant for
grinding. The shime separaie)

ke

CALUMET AND WECLA CONSOLIDATED COPPER COMPANY
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Figure 9, Prebeoters in atill howse, Lake Lindow

the original afime clamsifier a thickened
in 25-ft. dimmeter Uhrwe-tray Dore Deicke
ehers and treated by Boisabion

The cepper rosavery In the original
stamp mill s befween TH and M peroent
wf the vaise of the wiv, the {
recsvery aking place W the wo-called
mireatEent plants consisting of Ana
grinding, leaching and folation. The

corceatrates are grmded eliofly by slae
a5 follows
=t
e  p—
Buw 1 Grade | &l L)
M. | el [+ 10 m T
Mo, § Gende | 1 mwshy ) B,

These figures wve Tor stanp mill oo
centrates only.  Inclading Ao grlndiog,
lenching and foritinn vocoverles, Agured |
are as follows:

= Anay wrent Wl
Grade e et
Bo # Grsde §n-fnah ol &
Mo § Gende | 4 18 el -
B 1 Gy ) 18 m—i L,
Ftaion - b
Lemskioy |wnbla:. . -
b - [

Finx G

The fime grinding anits oomslsting of
B ft by 72 In. Hardinge mills, are o8
al a sposdt of 24 1. po m. sl sre drives
in onits of three by 350 Np. motom
There are 24 of these milly In e Nod
regrinding plant (Figure §) with anl
I of them Lotig nperabed wl presen E
Euch mill hus eapaelty of ahoot
torm per 24 hours, reqikres B0 bp. w h
run open eieeuit ot & dilution of oo
20 pereent polids.  The midls wee )
with old steel ralls embodided (n nest
cement. Danish pebbies preferably 4 fn
in sime are oeed ae the grinding mediom.
The pebble comsumption i shopt 5
per ton of send ground sed se the
bles coot about & owmt per M, Bediv
at the plunt, ke total eont of grind
Tor Lies i | venis por tom of W
Stee! lmlls have bewe brued wnd
donad bermuss of svowmmive oo,
wenr per Lo of sand greasd s
ar greal with steal as with pebies
ariser {rvm the haniness of Uw see
s sat bold true for smygrds
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Flgare 11, Tmir-

Figure 1. Vocuwm and pressara filiers in still hoase,
Lake Lindon

imeh In-ﬂuum pump in drodge.

tudl chemical consumed boing the oxyron
uf the air which appears in the copper
nxlde in th}:mnm prodost,

The cost of this grindinig per ton for
the year 1930 ix wh fallowi: by 12 fi. high in two rows of vight each

wtoel Jenching tanks 64 ft, in dlameter
(Figure u.?,t mnd 25 eolution etorage

Generml Bap (N1}

D vestint nd AHAIMRGE 1 re) o tonks with the necessary pumpi (Flgire The g tanks ure in two rows,
Grimiing e 18 7} and piping for eirevlnting solutions, A erane lravels over each row of tanks
"-“““"““ merar - In addition to re are auxilinyy  for handling removable tank eovers, sand
il M evices such a2 @ ng towers an tors, ors, ere, AN

dei ch xydizi d  distribu sand level fluah 4

Linisg . e romiensing units. Hegenerating the sol-  olber auxiliaries, As the tanks must be
.,"'__u“""‘_- . vent and recovering the dimalved copper  ooversd during leaching o prevent loss
o Is effected by distillstion, of ammonia by volatitization and th meks

Fetal e The ssnd for the Jeaching tanks Is all it ble 1o live in the plans, all dis

!‘uﬂarmu I.IIJ’ n\mllu nnd mk -

into aands !rxr aalmaml luehiur and
slimes for flotation. (Figwre £) This
separation 4 rooghly at 200 aweb al
thetigh there is some 16 percenl of minus
200 mesh materin] thst goes to leachd
and =ome § to 10 grmnl of plas
mesh that gocs 1o fotation. It s quite
possible to Huat coppor of p niteh coarse:
size than this, hut beeause of the ens
eloged copper in materlal oven as small
ag minus 100 mesh the recovery by menng
af fatation is low mi thin slae  Accord-
ingly on conglomerate only the very ﬂur

minus 28 mesh. All copper thal can pos-
sihly be saved by pravity concenlrmilon
has beer extracted, and The remsin
ropper i chiefly attached to ar Inel
in the grainz of sand. The sversge siz
ing ll'ilrﬂluw 15 to 20 {!ruul of minus
200-myesk meterial of which only & wmall
partion is colloidal. The major portion
of thia eolloidal material rrminlrnn- afinr
classification escapes fram the main hody
of sand in the overflow of the lvaching
tanks during the flling operation.

The =slvent employed Ia euprie am-
monium carbonate.  After distillation the
return to the lnthmg eyeli cunslsty of

+

be, hot limsen of me

sives are treated by Hotmtion, wh
with the lmyg-lul!nul fatatiun ut {5 me-h

e st

stimes {rom the fnv grinding units
are thickened in three-truy Dore (hick-
eners 40 Tt in dlamatar. After thich.
ening, the products from the original
stamp mill and that from the regrinding
plant unit are combined in trestment hy
fotation. This fotation (s deseribed in
& sprrate article in this aume jaue of

igen! during the process wre made up
by wqua ammonia which s essbombed
in the plant in the 2ame towers In whieh
the salution is oxidized from the cuprous
ta the eopric siste

The chemistry af the pracess is slmple,
As native copper i= the only valoable
mingral present m the are, advantage
taken of the two yalunees of oo in
water solution o effect its tow

tribating nml flushing

iag structure ae it might be I spen
tanks eould be mead.
are of steel plate with ngml‘i:.
nre suppartesl on sn eneirel &
iran n"n];ﬁnd the tank wall "L
tween the cover and the tlnk s mads
by a channel-iron on the cover projecting
Into an annolsr Isunder an the tank,
wHL'I!d lanunder acts as an overflow ur-
vier during the sand-filling stage aod
i Akl with water during the Joachin
winge, Thix seal prevents tha esonpe o
ammania wround the edges of the cover
unid i@ the only joint necessary o they
during the Teaching or the M.nm wanli,
For, filling the tanks a din-
tributer of the Hetters a.m:I Meln type
in used lt.s-utwruonmmu
shaft of the ull and revolves hy its
own sand v carried
|h.m.bwtihe1mﬂhu[ the plant in &
eontral launder, snd connections Wre
L T
tor by means of & & laun-
central Iaun

| Tee Miving Conomess JOURNAL amd subsequent solutien ln the cuprous der. Gates in the Q-
ot y form. The first reaction (= twtwien pa- 10l the Oow o that the sand is led oom.
# Leacning tive copper and eupric lom car- tank to tank. alter-

Sands wre treatod by means of am-
monin Jeaching. This oporation has been
fraquently described |n deinll in the
h&a‘shdﬂl prese® and will be givin bur

i

Thiz process wan devalaped &f the Cuk
amet & Hecla independently bub  cone
eurrently with n similar development an
ocidized ores by the Krnnmlﬂm

honate in an excess of ammoniue cars
bonate to yield cuprous mmamonium cer-
lionate, weight for weight of enpper. Ta
usé thiy copper ammoniom earborate Il
u tew leaching solution it muat be ¥
ertbed to r.he eupric condition by uti u
ing it with air, This resction hetwoen
cuprous carbonate and oxygen ftakes
In the presence of ammenium cas-

y from

nating mh Ere on tielm' wide of Eh!
main central lnunder, pnd with twe s
of portabls ]anndnrl md dutrihutnu
there {8 no delay in filling while ahift-
ing from a full tank to an empty one.

The sund in the unit in supporbel on
o ranvas filter which s stretehed over
cocom mitting, which cocon matting In
turn is supported on & stesl wrating of
about S in mesh, This stes] prating

Compary, 1t has been wsed ina nats and rﬂb cupric ammonium car-

form alan by the Bwans M'Kulwa Cop bonate w‘.hlr iz now ready for the mest In furn is carried on & stesl grid resting

;r& pany in Northern Whodenis. Imaching eyele. on the tank bottom permitting free dr-
|' the plavts in Alnska and that in After the h partly tulation of the solvent benesth the flter.

Rhadesin are now shut duwn s that this o q.ﬁrq]y ”.r ty The eanvas bas a Life of seven 0 sight

operation of the Calumet & Hecla amount monthi and the cocon matlings are

resenis the unly copper smmonis lese
llﬁ_:hlﬂ al present o!emw.
equipment for dissolwl

the sande conwets prim of

..:@_cg'awm e

EL TR
SEiE

man 1y e ¢I letml the only ne-

CALUMET AND HECLA
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changed with every second canvas,
Afhrthwlklsfllled with sand the
, the lank iy

xtens waker 4
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Flgure 15. No. 2 regrinding ploni, Lake Linden,

eonstraoted by driving piles 1hruugh the
sand down inte the eriginal lake bottom
wnd wpon thess piles putting a cap of
gonerete 1 ft 8 In, thick. In the re
plant sre a 12in. Morris centrifugal
ump for elovation of the samd, screens
?ﬂl’ removing rubbish, drag belts for
classifieation Into eomrse nnd fine and
with the necessary equipment for pump-
ing fow sands intp the lesching plant
classification system and a belt conveyir
for cemveying the conrser sand to the top
ol the regrinding plant.  (Figurs 18.)
Thy next wtep In the operatisn ls the
megrinding of the conrser sands, The
regrinding plant building was one of the
first built after the sucressful develop-
ment of the Hardinge miils and cantains
@ of these mills 5 ft. in dimmeter by
18 in eplindzical Jength. The
mumbir of mille of thin size Are mors
spectactlar than «Melent, but it has not
peemed advimble to repleee the presest
equipment with larger snd more ec
nomical units, This regrinding plant
his w capacity of about 3,000 tons per
24 hoars. Grinding s In open eircuit
and peblles are used for the grinding
medium.  This (s very economical in op-
erating covt and teste with bull mills
have shown an (ncrense in coat too great
to affsct the advantaged of (nerensed
enparity.

Figuee 16 N,

The total cost of operation of the
reclamation plant for the year 1930
hased on tonnage d ed follows, These
costs include leaching and flotabion, op-
erations sufficiently deseribed or noted
in previous paragraphs.

Camt et dom

Geners! _sdminisbastion, wmine

and mill .oooiiiadniirini.. BlE
Dyedga and pontosas. —, iAs
tore pilart wmd et womveyar.. S
Eeprindlbag . . uiine wiass BLAE
waching ., 3 s

P hebatios o st waihn s Le
p Y e
Total . Feiaser e LG

These costs are somewhal higher Lhan
ayerage beemome the plant was opersted
anly five days per weez until November
15, ot which dete it was shot down com-
pletely and ia not opersting at the time
of this writing.

Tasazace Recamarion Prasy

The plent as described sbove ia the
reclamation plant treating the conglom-
erste sands of the original Calumet &
Hecln mine. [t represents a development
extending over & eonstraction pered of
poasibly five years Itz operation was
eo suocessful that treatment of the com-
ylomerste sands of the Tamarack Mining
Campany was indieated and u plant wis
built which started pperntion in 1928, To-

matlon

Figurs J;;.m.‘ibn m: d-wfy;m :.iur...

wtend of unite suparately housed ws in
Lke Linden, the Tamarack plant has
its three treatment operatfons af :rﬁml-
ing, leaching and fotation proctienily
under oné roof., [nstead of Hardinge
mills & ft, (n dinmiter by 18 I eylindri-
eal length, the ¥ ft. mills are 72 in. in
length and have about three times the
capacity ef the amaller mill with a bet-
ter mechanical sMiciency, The sntire
piant has & capacity approimately two-
thirds that of the Lake Linden plant.

The dredge and shore plant of the
Tamarack do oot differ materially from
that st the oldor plant—in fact the
dredpe mow helng nsed at Tamarack was
the une origimally purchassd for Lake
Linden. Correspondingly, pumps sad
drag clamaiflers | Figare 14) wre similaxc
in operation in beth phm:.l und the
soarse material is kewise conveyed by
means of & bell conveyer Lo the Wp of
the megrinding plant.  (Figere 15)
There ary 18 of B-fe. milly and the
coarse sand aiter grindiog is treaied oo
Wilfley tables. The table tailings are
elassd info coarse wand far leaching
und fine sand for fdotstion.

The lesching plant (Figure 16) con-
sists emmantinlly of slx tanks, 54 fL in
digmeter hy 12 ft, high, with the nee-
essary storage facilities for solutions
and cireulating pemps for the sonveying
nf the solutlona. e in & mingle dis-

Figure 1. dmmonia leoching tonks, Tamarack

CALUMET AND HECLA CONSOLIDATED COPPER COMPANY
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the ore Trom the various shafts sep
arate so that the mille partake something
of the nature of custam units

Where the shalte are on the same Jode,
in spite of the variation in copper con-
tent, the metallurigical process s wnle
fortn, but where the ore varion not only
in quality bul aiso in the nature of the
distribution of the valoes, it bpimes

pendent upen the quality of the sre. So
far thie has been applied only o & vArias
tion in the exiznt of the fine Ing.

e ease of the Kencearge lode all of
the conrse materinl (Jle talling) s
- ground to this size,
. e A flew sheet of the Kenrsarge Inde
j operation is shown in Figure 17,

l ABRMERS Mo
amer The stamps al tha Ahmook mlll are
compound stamps of the Nordberg de.
s (Figure 18), The Bigh pressure
nder 15 16% in, in Glmhmd 1"':

Figure I7. Flow shosi of
Kearsogo Amygiduloid

5

‘ng bay and of foistion Lo relatively conrse ma initial steam sure s 150
H&%mm: paar, ’m but the stamps and coarse grinding .ﬁmfquumr » to m Fe-
Aotation equipmeit conxists of four Darr  very much as they did even 30 yonrs agn.  ceiver and from thia to She low pres-
thickepers 2 fl. in Gameter, four com- The gresl io The de sure cylinder 52 in. in di q?mb
partments esch, and the thickened prod- the Lake Superior mines oecured (nthe  jog al & pressure of 3% ibs  These
et is treated on 8 18oel| mimerals sep-  copper boom of 1898 and wmypdaloid are pen-condensing and the ex-
sration fotation machioe mahﬂmwﬂhnlhhnﬁulr s mﬁii:umnl’llhn.lk
The entire I» very compact but  well winoe shout that solute goes th w pressure turhine,
m".,mw ¢t than st Lake  Owing to the very low copper femar 1hus givieg = final mechanical eeol
Linden owing to the v capacity, and of the amypdaloid mines, all eflorl was  that puts the efficlency of the
ales to the that at Lake Linden a for many years directed towards ca) unit well into the viass of an eloctrivally
iarge part of the overhead is shared by of the stamping units and a low cost of operabed crashing deviee.
the ton of treating the mine rock treatowent. This was 80t The stamp mortar discharges only at
'E' ",ﬂﬁ costs e tho few of l-  fromt and " of the
faw atamp mortars of the distriee nre olther
four-way 4 or in EVME cases

civeular,  The | a-u¥ discharge s
amptle to give sufcient sereenine cae
pacity for the stwmp product and
much more econvmical n u i These
stamp screens have §/R I, opening and
the materie]l goes fivat from thase

to four trammels with /18 in punehed
The e:rll.u of the trammels

.

=




Cetaler, 1901

. o length. The slimes from ome of
these Dory ¢lawslfiers (50 pereent of -
el copwcity ) s returned to the stamp,
uplwm » correspunding  volume of
frosh water in order to save dilution.
The alimes from the other clussifier i=
settled out in u small settling tank, the
plig product of which joima the bali-

fpmlurt far Hotution, and the over-
I.'.u-r of the tank 14 finally wsettied and
thickenes! (n a serias of Dorr thres-tray
thickenvrs,

The Dore clansifier product Ie trented
on Waodbury Jlgs for the removal of
coarae ml::\entn.m mddtl;p entmf n‘i:
i of theno ound in an B ft. by
“‘;n. ball m IF. l&'hln bidl mill hme
capachty of from 480 to BB tons per
24 lioues, which capacity for conrse
sund determines the oeiginel eapacity
wf the stamp,  Depending  somewhst
wpot) U nature of the ore approximately
twothinds of the original tunnage re-

ren reerinding, ¢ bull mill e in
olpsid elrenit with o hesvy-duty duplu
Dorr clnexifier B 1L &

The circulating load Ia ahul SN pﬂ-
venh mnd the erushing which varies some-
whai with the | v held ns nearly
uh powilide &l 1o pame the 25 mesh screan,

Closed circoil grinding has bn!y rﬁ-

sand to ml:}m out tib::;’lcd mmmf
regrinding all jig tallings menns o
the closed ciremit ball-mill, and final
flotation of the estire product of the
unit.

The follewing grades of concentrates
nre mmdo:

1. "Ml Mass," which consists of large

jeces i rich rock hand-picksd

gdoru going to the stamps and which
upe sent divect to the smelter al whout
6 percent copper,

2. The copper dischurge of the murtar,
congisting of nuggets ranging from 1
in up to 8§ or 4 in. and aseaying 05 per-
gant in coppEr.

3, Bull-jig concentrates, belng ma-
terial approximately 5/8 in, in size, and
asenying from 92 to 5 percent in' i
PEL.

4. Wepdbury jig dischurge und huteh
pineentrates avernging 86 percent in cop-
par.

& Flotution consentrates sveraging 0
pereent in cupper.

The first four classes of concentraies

they drain very rapidly and are veady
for ehlpmm: to the m.e.m lnlhm ln!

eently been adopted in Lake S
prnction,  Ternuse of the nature of I.he
are. particulurly the noo-friability of the
nalive capper, 4 was appreciated that
it would be difflevit o remove the lib-
ernled popper Trom um circuit. In early
sxperiments .hnﬁ thise lines, the cop-
per built up untl] the valoe of the eir-
oulating lood wms many times that of
ths origingl femd aml reached an equilib-
vium ealy when abrasion, which was
very slow, haluneed the liberated cosrse
wpper.  This made for very inefficest
mechanical work and resuited in the pro-
duction of large guantities of fine, al-
mant foured eopper, which was lest in
the tailigs of the tables treating the
1\":&&6 produes. With the adoption of
Motation proceas for this prodint,
the dlsadvantages of the abrasion was
eliminated, but not the presence of &
Tmrgy quuluty of lﬂnutld copper re
lnllning in Ihe eireuit. [t was necos-
u?' n some way to remove this mi-
terial amid im the flow shest as wdo)
the Ahmeek mill the product
Hmﬁnu il in subjectad 1o n h;rdnull.r
olwsdlioation and the plog urmlm fram
clugpifier is troated on & Wilfley
tubite, the tallingn of which are returned
0 B ball il The closed cireait em-
m not enly the Dorr claseiller but
nls the Willley tuble operating on o
nehlnmt portion of the circalating lowd.
This has proven very sffective in re-
moving the [ibernted values and has
ellistinnted the |akt objection to closed-
tlmil work on ores containing nutive

l' ‘erushing (s at 70 pereent solide.
After crushing, with the plug rndud:t
lll

tion ta
mutorinl = then

mnuqr nl' copper pﬂduﬂl on n—uﬂlﬂ!
finishing jigs or tables which is ahoot
20 mesh in size and which is dewllﬂ\ed
by means of 2 drag classifier before lh@-
memt. The flotation concentrales
specinl trestment and sfier o m
pary dewnlering by means of a drag
helt sre filtered in & Dorreo fliter, the
water contsined baing redueed (o 11 per.
ecent before shipment

The costs of uperation ascarding to
this new flow sheel mre pot sufficient]
definite at this time s give in detmil
A new power plant hus just recently
been installed, and wer custa
will materially redoce final aperibing
figiites. Mine up:rnl.om are ilse Diter-
mittent am{ho the present an
comdition of copper markot, adding
to the dificulty of obtaining representa-
tive figures. For the yesr 1930, operat-
ing without ecomplete regrinding of jig
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tailinge, the millling coste were 24.2¢ rmr

Th- e tallurghal estmmeton s well
over 00 porcent. For a given lode it
varies directly with the guality of the
ore, The Rearsarge lode has bevn pield-
Jh about 24 [be, por ton wnd on ore of

quality. wlth fine grimding of wll
!If alli the final recovery ia over
peErCEn

On Osceoln ove there Iy not the in-
rmtiu to high metalltrgleal recove ut
l-dclud ot of uum;‘nt mllmn o
ow copper cuntent ur B given
Osewnla lode mautorlal will )‘|II|I| ] g t.l‘
percentige @ fon Chan l(nrurgu,
hevause the distribution of the eopper
00N o coneer stato.  With ore assaps
nﬁ frmm 15 to 40 b, por ton, s fig
taillng of 2 to 2% lbs per tan hy me-
say can be obtained by drawing off only
n relatively amall percentage of the to-
tal sand ms middling, At 10¢ per b,
copper, which in the selllig price at Lhe
time Lhin article v buing writlen, the
et of recovering eopper Trom Jig il
Inl'I of this goalily uuuu {nnl l.huu't
oqual the revemor to be
from, Jt would probably u a mr-
loet price of about ldc per of copper
to justify the m uphll u‘puﬂk
ture for grinding sll lode mand
ta n winis wahlﬂ- for Natation.

Iiumr lan the
lll tmln’ & of

umm and 5Ti R84 d Omln
uumumﬂtumwknpuw
conts separale on these two lodes,
table given Tolow will show the 14...,1
important dats for this mill as & whale,

YEAR 1930
- VIR e
Ararwyiow 1t por B30 hears el
Toms cae amged o B shiow s -

Tone v stymisnl pok bow sl owne

Tlthu Abyrmat 001
Wulnl oo iiiinigeninnse i

Figwre 18, Stowm m—:u-i wuvilinrios,

CALUMET AND HEGLA CONSOUDATED COPPER COMPANY
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power plant and throogh an S-ln.
to the still house turbine. Hi
sivam stamps, pomping, heating
and lesching, passes throvgh »
walve sot at 140 Iba, thence through a
2edn, plpe to the milla, Flow meters
in ench of these maine give the basis for
.-wlm , mill purposes
baller s #oquipped
Fignre 3. .!hmn!i. Mill and Power Plomi, inoking east.  dbove the concrete ‘“n,t:‘h :‘,I;?,‘J.:‘.m, 1 :::n::.ll:::trl.ﬁf‘;nr?
are the sleel are bing served by o doubls track. Coal chutes under the rear and Indicating deaft over the fire.
track load 1o coal bine built into the concrele supporting structure.

ppe
far

—

S i E s il

trmes

b S

Figure 4. Ahmeck Mill Bwiler House. Operciing floor Figure 5. dhmeek Ml Boiller Wouse. Foreed draft
showing stokers, moin steam piping and control panels. fans with stenm twrbine drives.

Y

trifugal pump which delivers the ushes
te & mand-wheel 1o be deposed of with
il vailings.

Foed water | lurgely condensate from
ihe surface condensers of the tur-
bines and general hoaling system draine
Stenm uneed for lesching and distillation
i in the ammonia leaching process is neces-

sarily lost from the system so that con-

lldnrlblr make-up s required, Raw Lake
rior water in usad for this purpese.
nri.‘ feod water Is cireulated through

FAA

| ammionia eondenslng and cooling appa-
11| ratus in the still bouse, mecomplis m‘%
the necessary couling withaut waste
mill water and wabstantinlly ruising the
feod water tomperature t|h1l in then
breaght up to about 200 de s F. In
| open feed water heaters taking l"lh.l“.‘([
wleam from the boiler feed pumps mmd
sloam stampe
Esch boiler in equipped with soot blow-
[ orn which are operated at E-hour in-
| tervala.  After four or five weeks of
servies bolléras are eot out for external
warhing and furnace rvepairs, and on
alternste washings the tobes are tur-
bined for sealy removal.
Stonm s generated at 150 lhs, at
--.m. ressure it tr supplied th Figure 6. dhmeek Mill Boiler Houss. Comtrol camprossars, ssh pump snd
-L o the tarbises H builer jord pump, <3

CALUMET AND HECLA CONSOLIDATED COPPER COMPANY
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FVigure . Aboveck Mill Power Howse. No. 8 steam
mirhine geneeator wait wirh ita 136N -pold aeitehhoard.

the high-pressure eylinders operating on
holler presesre of 150 [ba and wichspsts
ing tn receivers cunnected to the low-
presiure cylinders, Exhaust from Ehe
steam stamps nlso comes to the low-
pressure cylinders throngh u $hin, pipe
from Whe mill. Presgure In this line is
maintsimed at about 1 b above atmos-
here by fow regulating velves at Ehe
arbines, 1o insure sguinst leaksge of
air inte the system. This 36-im, pipe
mets as 4 low-pressure stvam Teserveir
inbe which cumes exhaust steam from
the stamps, high-pressure tarbine eylin-
ders, food pompe, and i ‘equired, purt
of the exhatist from the el house boe-
‘hipe, From it steam iz taken for the
low-pressure cylinders of the turbines,
feed witer hesting and the lnnlln{qs:w
tems of the main mill buildings. hen
stamps are nol operpting, low-pressure
steam for besting is stil] available from
the nixed-pressure turbines which then
mel ap bleeder turhines,

Cireulating water is taken from the
will pumping system. The ponp hotge
i ]us'l‘lh.ui at the ghore of Torch Lake
about ROD fi distant from the power
plant with the mille betwsen them, The
pumps io negular use there are o 30-
m. Alberger veatrifugal pump, moter
dreiven, with n cupuciil of 40 million
gallans per day, amd the pump Michi-
gan which iy o teiple expension recipro-
cating steam pump of 60 million gal-
lons pex day eapacity. Both eperste
ngainst o total head of 00 fo and cither
can sapply water for condensing or mill
purposes.  Condensing water used in the
power plant is retorned for mill uee by
& 30-in, motar driven centrifugal pump.

Located in the still hoase ia g 1,250 kw.
DyLaval genred torbine unit recelving
steapy sl 180 Ibs. and exhamating at 18
[his. above atmosphere, a2 required fior
e in distillation of copper-ammonia -
liathon from Lhie leaching plant. Its pur-
pose ie to utillea for S:n produetion of

wer the necesgary drop in pressure
Iﬁt nmoant of power produced depends
upon the dentand for steam by the stills
and i eontrolled by o pressure governor
on the exhoust side of the turbine.
Speed is fixed by synchronons oporation
with the main power sys#tem. Operation
uof the stills oo this exbaumt sieam his
been quite sutisfoctory and is better

than when the necessary pressure reduc-
tien Lakes place by throttling, Steam
used Uy the stills does uot fully lowd the
turhine and provision is made to briug
it up to ftfl.L‘it}' by passing more sleam
than the stills veqiire and retirning Che
exceas exhauzt 1o the Jow-pressure
steam aystern to be used in the low-
presgure cylinders of the turbines In the
power plant.

At the Smelting Works a Westing
bouse 500 kw. turbine operating at |1.=|u

Ths, g, i5 8Opp
with steam from waste heat boilers, Two
melting furnzces dischayge their ot
guses through 500 and 396 hp. boilers
respectively and two relining  furnaces
ench have n 388 hp, baller. Steam fs Uhus
uvailablé for power end heating pur.
mes st of the time and twy of the
ilers can be fred independently f re-
quiired, This iz not ordinarily done for
power penoration because at times whon
steam fram waste heat (s nat available

power can be taken from the general

system at leas cost,

At the Ahmeek mill exhaust steam
from the stemps poce to 0 2,000 kw, Tnw:
pressure turbing, which may also be ope
erated by high-pressare stesm  wnder
governor contrel.

The 1928 records show the gross oul-
put of the system 132,900,500 kwh. That
vear s representative of tocent operntion
without the new umnits it the Ahmoek
mill which have been operating but n
shiort timp and wader unfaverable lond
comditions, Power supplisd! by the wari-
pis units wus &8 shown in Table 1

The first item, 78 pereenl, Teprosents
putput by foel horned primarily for

wol  generatlon,  The other  four
terag amounting to 24 percent of the
total ahow the amount of power de-
veloped as a by-product of the milling
and smelting openitionn. The uhits
supplying by-product pawer neceasnrily
operuty to sult the wark of the plants at
which they are Jucatel., The Smelting
Waorks and 5till House turbines are not
deponded an to follow power demand, bot
they effect & substantinl snving n coal,
amounting to shoat 6000 teus ln 1929
The wutput of the Lucbined from stamp
exheuat follows demand vlosely since 1§
is about equal to the nmount of powor

CALUMET AMD HMECLA CONSOLUIDATED COPPER COMPANY
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Figure 9. dhmeek Mill Power House, No, ¥ turbine
raami, ahewelng reinforeed conerete turbine founduiion
wndd condenser

used for mill opegation, and s slways
supplied when the mills work,

Stenm stmmp sconomy 2 ool more
than 10 or 15 percent hetter with con-
densing than with nop-condensing opers-
tion. Experience nt the Ahmieak mill
showed nr imerepse o steam consump-
tion for the entire plant of 8,000 lbn, per
hour when the chonge was made frim
nperaling stemps condensing, to operals
ing them non-condensing and generating
electricity with thalr exhaust stewm.
The exhapst steam Lurbine  genevated
SO kw, with an ineredse in steam cons
aumpiion for the whole system of unly
H000 the par hour, equllavent to 4 s,
steam por kwh produced.

Niw Powen Prast—ABMEER Mt

The Almoek Mill power plant, st this
writ'!!lje‘_ln uperation only Caor weeks
was deslgned to generate BTR0 kw. an
In nrbdition, to supply $0,000 1bs_ of dbeam
per bour to the mill at 100 lbs, presmpe
o tako the plises of a toiler hovse (0 neel
of peplaesmnent,

. The scheme adopted after carefill cone

sideration nod i consuitution with Stond
& Welwter Enginesring  Corporation,
wis fo muke steam 4t 435 (b, pressurs
and 20M deg, suporhent, to generate 7,500
bw, with boller pressure steam «dirvel i
a condensing sleam Lurbine wnit, and
L2560 hw. from u high-pressure torbine
genernting  unif I_Etfv!x a8 & reducing
valve, and sopplying stoam st 160 Jba.
preasure for rgn- miﬁ.

Fresdom from interroption of
being of parsmount (mportance, b1
ers were installed of much aine that al-
though all three boilers are normally in
use, two can carry the load

Auxilaries eomimon to all thywe boil-
ers mre in the west end of the boller
house, and lsr| enough In sTve &
fourth biiler. The sast end of the hulld-
ing s constricted to provide possible ex-
tengion for a fourth builer should the
futore mike such an sddition desivabie,

Bunohos

Botl the boiler house awd the 75000

kw. turbine room aie of stewl frame

covered with palvanized govr il
aver 2 in matehed woud nhuumh‘
paper between  Stes] sash with hinged

windows and roof ventliatoirs. @
light and ventilaton. The sodls de
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40,000 o

Figure 12,

o btatic pressure

of O in, r:f 'mmr The wxhaost fun e-

mhuﬂ ig 70,000

a
e fm J?Lﬂr'_ly. 45,000 ¢, £. m.

lf-“ur-'.ll

exhaust fans deliver

to the stack which Is of reinforced con-
ui'vh 12 1, inzide dismeter nnd 176 f&.

bailer
to slaiam

. m, [our-stage oem-

'Iml pumps direct con:

turhines and with dopli-

cate water lines to economizers lntp're-

vided, one pump ham

o
ilers at nor-

mal fqld aof mn.unnmr' bs, of steam por

hour.
Figure §

gives a view of the main

steam it u‘mkm wnd contral -Im
p‘pl" and & show lho

urew &
ﬁglm Tewd
ercas-gnction of

Pﬂ?ﬁﬂu’ ml'rnfvglch

glves tha genernl Inyout.
Commustion CoNTROL

By menny

Equip-

meeiwms of eombustion contrel
ment the boiler um)udnﬂamim

tf

-d}nutw smit the Tnld
As tho luud varies, the
maln sbeam  header

the ings of

the three induced draft eomtroliers, one

for each boiler.
* the uptake dral

These in turn ndjust

erate to hold conatant furnsee a:::“‘“
adjusting Lhe foreed draft
maintning main pregsure
Bttt ine it i o altawine
o ng
the. ﬁh—lﬂ 3:” boilers
lt!hcwiltnftben maent holding
any holler at o lond while the ﬂlh‘l‘
ers take the load changes.

Agn Hanpuiwe

Airtight ash hoppers 12 1t by § . by
8 1t deep are huf directly under
cluﬂtur inders and resch to the hoiler
m which is wt surface madr.
l-tud-optutd water  Dozsles
sireamms of water which sluice :he nlh

B-in. hard
cast-iran and nm % Inid nnder Iln
iniler hu\':lﬂaln'ﬂur in ‘[.nm
hoppere, amil centinued (n n oanerets
trough just below surfmce grads to the
mill slime tailings mlp. ‘;ﬁe slaicing
nozzles lwntwl ot proper points slong the
Iin of 3-in. pipe nre supplied u 600

& . tn, motor deiven pump, gt 180 lbs,
pressueg, Fifteen tons of azh per hour
can be handlad,

7,600 Kw. Temisg

The T500-kw. onlt operstes at 1,500
£ gt and takes stenm ot 425 Ibs. pros-
sure and (00 degress termperatirs. T lrme
mmm hotzles mre provided for heat-

me the condensate and made-ap witer
fnr hoiler feed,

Heat Balance Diogram.  Plping system, Power Plant, Ahmenk Mill.

Condenting equipment consigis of an
lngersall stmpended  Two- puss,
ninﬁle vompartment surface condenser,

Lutuge steam-fet alr sjectur. A
horirontal double wustion moter driven
prump Weatod in the mill rum[l hoaso far

nighes ©1 2. p. m. eirealating -ut.ef
muim the eandenser, The 30,000 g,
n. red by the Ahmuk mill s

rom n well which is Fed at ita
enil by g-rnll-y from Tarch Lake,
’I!a- u.lﬂm g, p. circulating pump
tuloes |t the sauth or inlet
end of mfu mtl ud when the mill wm
are rumming, which ls 850 percent
time, the circolating watec duehn:ﬁ:
from the condenser returns to the no
enid of Lhe well below water, to climinate
static hoad on the nup. The wxeinn
water required by mill pomps oyer
the amount taken u_r the circulating
umj llmrn- condensing witer uf Inke
perat When the mll]t;nmnn are
nit 0

¥
m “‘ 'fmr in by-plnedﬁn Tmh

Flyures & and # show the turbine with
its muxilinvies and switehboard, wnid Fip.
iré 16 s a crosssuetlon of the plant
t{hﬂ\ﬂ'ﬁl the general hrrammnt af tip-

nes, ieg amd

LI50 Kw. mua&mmn—ﬁmu:rmu
VALvEE-DE-3 UPERHEA

The Ahmeek mill requires sn,nw e
er hour of dey saturatel eteam. A
L260-Jewr,, buck-pressure unit is usel to
teduce Lhi boiler prossure af 425 [be te
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166 Iha, The turbine runnimg at 4,500
T e operstes the gensrgtor ol 750
T % i 1.hﬂulfh reduction gears,

he exhnusl steam from this turbine
earrivs it 110 degroes of superbeat,
When the mill in shut down or 1 for any
ather vesson the 1.260-kw. turbine is
noft ruu.l:inﬁ: the mecessary stewm for
thie will §4 hy-passed, Thres by-paeses
arg provided; one d-in. with hand con-
trol, and one dein, and one 2-in, with feg-
ulatore set to hold a constant preseure
sh]il:llj wnider the beek pressure of the
turhini. on gl the mill steam is
taken through the by-passes, its super-
heat is 250 degrees ms compared with
140 ae in the Lurbine vxhust,

As the mill machinery is nol adapbed
to the use of superhented aream, it 1
necesiRey o U6 W de-uupeﬁteshr to
give dry satorated steam for mifl pur-

ses, This ia of the accumulator type,

£t in dinmeter by 80 1t long. It re
quires  for  de-superhenting  approxi-
mately 6,500 [ba. of watar per hour when
the turbine furnishes the steam and
ohout 12,000 Ths, per hoor when steam s
taken Hm:uﬁh the by-pass system,
About 000 hs. per hour of the de-
snperheating water returns by gravity
to the necumulator ns ensaties from
steam stump re-heabers and main steam

(1.1

Figure 10 ahaws the tuvhine together
with the bhy-pass eqoipment, Tt elss
shows the exhaost steam turbine and
%Mﬂ—vulh switchboard as well as the
Nardberg 28000 ¢ p. m. mill pump,

Fren Warsn

Under normisl eonditions the beiler
feed water is made up of Epproximately
&0 percent condensate Ceom the 7,500-kw.
umit, 35 percent Trom the E000-kw, ex-
haust steam unit, und 15 percent Lako
Superior make-up water,

Wator 1|fpumpe-d from Lake Superior
for hoiler feed wnd domestic purposes,
To protect against lengthy (mterruption
of LEI! seryice, sceasionally of 24 hours
durgtion, n reséryoir is provided at a
eanvenlint elevation a few hundred Teet
from the botler house, |t hos o capacity

A50,000 gallony, aufficient to take eure
of make-up for 94 hours, A fHoat valve
an the inlot keeps (he reseryoir full,

The meske-up watér enters the eon-
denger of the 7600 kw. turbine and is
pumped with the condensate theangh
the genurator aiv esolér, adding o few
degrees 1o the water temperatore, The
comdensate from the condenser of the
2000 kw. turbine then joins the water
eoming from the air esolir and passes
through s closed heater supphed with
dtedm ot 2 e A e abEslute from an
extraction mosale on the 7000 kw. tor-
bing, This fesd woter now at o tem-
pératore of 126 deg, F. pasees through
W tderdratir vent condenser and a ver-
Hheal l:tllnr]rlm'll dﬂnérnlainf heatar in the
heiler house. The =teamn for the dendrat-
Ing leutdr conklats of the exbaust I
the turkioer driving tho boller Teod

(s u.au T
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puamgis, forced draft fons, and stokers,
supplemented by additions] steam at 3
to 6 [Ibs, gauge pressure from an ex-
Lraobion nozzle on the 7,500 kw. torhine
Tha wilur louving thig eguipment at
220 . flows to & surge tank snd then
to the baller fesl pumps from which it
passes through the economizers, enter-
g the boilirs at n temperature of
30 g,

A J0000-ga), surge tank is provided
with an upper foal valve which con-
trols the fiow of make-up water sntaring
the condemser of the To00 kw, umit by
admitting jost the smount necessary 1o
maintain surge tank water level be-
low the overflow point second Hoat
valve about 4 ft. Jower than the first
pruvides for the eontrol of malie-up
water direet to the deaérating heater
when the 7,600 kw. turbine is idie, or
i for any other résson that source pf
foed water fuils, 1n this esse the con-
densate Trom the 2000 kw, turbine
ls passed to the deafrating hepter in-
stead of eauﬂggﬂth Water
nhead of the ed beater in the tue-
hine room,

Fren WATER TREATMENT

The atenm for the 2,000 kw. tarhine
heing the exhaust from the stamps, the
copulensate from this tarbine comtaing
lubricating oll.  This condensate rupre-
sents B8 percent of the tolal feed water.
Twi presaore ‘me aand filters with
congulent and 1i feeding equipment
are to. pemove this oil before it
jeime the vest of the boiler feed water,

To pravide for the desired limitation
of the boller water ooneentration, n eon-
tinooud  hiow-down pipe leading th a
flash tank is placed in the middle upper
drom of each boiler. The major parl
of the heat in the widet =0 blown d];wrl
ia reclnimed by the steam fiashing to the
depirating heater.

The Hall Laboratories system is used
lu control the chumien] compogition of
the boiler water anil to prevent the pre-
cipitation of diksolved solids m & form

TR b

which woold cause sdherent seale on the
Luller surfaces, Phospliste, which is fed
direet to the boile y eombining with
the uale-furmiﬁr:iemsnta in the feed
water, forms ely divided imsoluble
phosphates which remain in suspension

soda s added to maintzin tha proper
bugie condition of the beiler water to
protect against corrosion, foaming, and
caustic embrittlement. Sodium te,
which 1= fel Inte the au tank, tends
toward the same vesult. Theae mensores,
her with the demfrating heater, as-
Bure protection against impure water.

INETRUMENTS

Recording and indicating meters ave
userd to furnish information for eficlent
operation of boiiers and turbines a¢ well
s fo determine the proper distribution
of steam and power Dosta.

Counters on the stoker retor drive-
shefts, when ealibrated in servien over
a perlod of months, will peemit of de-
termining coal consumption  rete  for
any boiler. This, mg-.tgur with #leam
fow integeating meters for oach bofler
us well ns for tom] plant load, makes
it poesibly to follow daily the plaut or
individual bodler ulficiency,

Figurs TE giveg tho hoat balenee with
rnILlT u::‘llrerem :::alsiusd, conditions s to
mill and electrical load, and Fipure 12
i# the heat flow dingram wnder full Joad,

Powen Costs

Without interest and  depreciation
charges, exhanst steam turbine costs are
under 20 cents per kwh, Tt is too early
to give the power coste of the new por-
binws, bub it is expocted thut (hese will
he under 20 cents per kwh. for the 1,250
kw. omit, and onder 83 cents per kwh,
fo i P

Lt ehster Engineering  Co
ration started field w:ﬁ: on this LP:E
Fuly 1, 1930, and seven months [ater,
on February 1 of thiz year, the phn{
w1 {ull gervice,
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railroad (sl spolen of us the Heeln
and Torth Lake) has continued to grow
Both i equipment nnd in tonnage han-
dled Lt has remalned 8 private indus-
trial system. Its main line ie five miles
Ionge Trom the mines to the ol }lrm
and s lald with §0-1h. and 80-Th.

At the Calumet end It has axlemmlﬁ
hranches and sidings totaling 22 miles
track lald with 80-lb., T0-b, and 60-lh,
steel, At the lake end it serves the va-
rions mill buildings, the smelter and the
coal dock with 103 miles of branches
and widings. The rolling stock consists
of 850 hopper-hottom ore ears of 80,000
Ih. eapacity; 18 all-steal, 100,000-1b., bot-
tom-dump mineral earz; 35 steel, B-tom
mineral ears; 50 wooden, 12-ten, side-
=2 P A AR
Figure 3.  Amoricon l'.‘nmnlidﬂd type licamotivs and trodn of loaded 40-ton are cors, ;I.. \E-'I;atem :1];.‘13;.];,“?5 wooden, 30-
ton box cars, and three paasenger coaches
for ocensional serviee in caveying em-
ployes to and from work.

In 1028 the Ahmeek, Kenrsarge,
Allonrz, Centennial and Oscedla mines
were merged with Calumet and Heela
and, being without railronds of their
nfwn. shipped their ore by the Mineral

F railroad from mines to wills over
an imdirect route with heavy ndverss
grades. The tariff rates were 3o high on
this ling that, during and after the works
ing out of the eonsolidation, much seri-
ous thooght was glven to planning a
more direct route with moderate grades,
to be bullt and operated by the Calomet
arid Heeln Consolidated Copper Company
and in 1925 this railrond was completed;
It & 9% miles long from the Ahmeek
mime to the mills at Toreh Lake, Sew-
eral miles of bhranch teack, 100 steel, 50~
ton nre ears, 2 cansolidation.iype loco-
motives welghing 206,000 lhs. sach (See
Figure £), and other auxiliary edquip-
ment wera porchased from tho Mineral
Range railroad for the mew line, the

5. Clearing roilroad tracks in o
dmh where the nermal snowfall is 8 or
9 foet eoch winter,

location for the lower end of the emil-
road was determined upon; the new
route added somewhat o its length but
greatly redoced its grade and made pos-
sible the use of locomotives all the way.
The ineline was finally abondoned in
1886. By 1004 the company’s plant at
Calumet and its mills and smelter on
Torch Lake had very grz;tlr‘h:xpn;irdx‘i
extensions and sdings

had been built at o rapid pace to keep Figure 6. Noy & Hiwsell inoie plowe with wing elevators and fanger.

up with the increasing business, but the

emall cars were a tremendous bandicap: was accomplished without (oterfering whulr bem oken of locally as the
finaily it became fully evident that Jarger  with product'on fram the mines, i’ll{!? vailvond, In addition
earz of an up-to-date design, using nlr- Sinee then the Calomet and Heeln m t @ mw track, laid with 80-b, steel,
brakes and standard coup rs. were ab-

solutely mfwn&u{ Aln urnl:r for l-!i{]iton — T = — =
are cars of steel apd wond eanstruel on "

was given to the American Car and COPPER, ORE, CDA.I- MINERAL, ETC, TIANDLED

Foundry Company; thess were specially

Coppet ore  Coul foom dock i Wadte rock Shl!drr :!llmldh Total twonge
tomills 0 mines & mills

desizned to negotiate the sharp curves b iy o i
established years before in and sround 4,565 534 624,608 T8 184,742
the buildings, All tracks were changed Lredan 4346, 150 i:; ;;; AT
to standard gauge, 4 ft, 8% in.; 2 dozen Haan tiigiie
or move b 3 were broad d e BDELATE AL ETR lsnm e

w8 il nk Al Ui AL CATG AL CRTE, | g oL T0SNEIE. G S4E.904 08T 9L

ete., in use at that time. This work
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Figure 9. Old conl dock in use 40 or 50 vears
nga we Torch Lake.

pogition for clear shservation. The en-
tire bridge teavels mt the rate of 60 ft.
per minute lengthwise of the dock on
four 100-1b. stee] railse The total weight
ig gupported oo 32 30-in, diametey wheels
similar In pattern to standard ear
wheels, (See Figuves (0 and 11.)

The main bridge span is 882 £t 6 dn.
in lemgth, the cantilever overhanging the
rear leg being 116 fi. long ond thy ex-
tension toward the lake 87 ft. in length
anding vertically above the foce of the
dick at which peint the “apron-end® |
pivoted, This overhaogs the water 76
fr. beyomd the faee of the dock, pormit-
ting the trolley to rum vul to points vee-
tieally over bonat holds and may be swung
up to & vertical position over the dock
face a0 s to offer mo ebetruetion to
ahip masts, ete., when vessels are bang
shifted along the dock. ‘The bottem
chord of the main trusk is 70 it ver-
tically ahova the doek level and the elear
space below the bueket allows 47 fi. for
storage,

The sehema of operation is both simple
and eganomieal, ooal hoat with &
carge of 8,000 or 10,000 tons ties up
ulongeide 'r.h-' dock, the apron is [owared
over the boat, the bridge ia moved to
the right position over a hatch, and
unloading gets underway quickly at the
rate of 300 to 600 tuns per hour depend-
ing on the discharge point of the grab-
hucket, The longitudinal storage space
nnder the main span b about 1400 fi

Oetober, 1981

4

Figure 10. The eoal bridge and dock from the lake. The bt in

ihe farcgraund is the “Hansa” disehargiog & enrgo af Holgian
Dbl e,

lumg, having cepacity fop 47,000 tons
with ndditions] space available ander the
cantilever for gbout 60,000 tons. When
.ieliwr-n freely from the hold of &
ahi ¢ hopper in the front pier-leg,
it mﬁﬂent railroad cars avallahle for
loeding, the capacity of the ejuipment
is over 600 tons per hour. Ordinarily,
however, during the 20 or 24 hours re-
guoired to completely uniond a boat, om!
1000 or 1,200 tens i put into cars, all
the reat beinge deopped on the pile. In
Lhe intervals Letween the arrivil of car-
goes ot in winter, the coal in storpge is
recluimed by the rame Dton buckel that
i wpsed in unloading hoats. There wre
two raflrond tracke along the dock fromt
for lnading cars from the front hopper
and anpther track ot the rear, as shown
in the larger pieture, Figure 71

It is not estomary to uze all the stock-
pile space for eeam conl, At the north
end there is a bin of 4,000-tons eapacity
for storing Danish pehhies which are
uged i the milling operalions. Figurs
i shows the bridge vnlouding a curpo
of pebbles, At the zouth end of the
dock eonsidorable space is taken by piles
of anthraeite, erushed fGmestone  and
cdke screenings, so that the room avail-
able for storing steam coal has a cnpacity
of ap imately 400,000 tons,

Both autommtic and manually sperated
riilelamps lock the bridge structure o
the abutments except during the few
momenl: redaired be move From hatch

pes

1o hateh or from one peict of the plle
to amnther, Safety devic o LT led
however, 1o prevent am) uiit at
il when the wind wl.n_uy KCERHIVE
A recording anemoméeter placed on the
top chorid of the bridge b arcanged to
nperate visible warning signoaly gnd t
ek the traversing pawer clivuft when
the wind is excessive: in fact, if the
beidige 14 traveling Safely and & atrong
gist of wind comes alung ef 2 donger-
ais velosity, the mechanism contrnlled
by the anemometor shots off the power
end applies the rafl-clamps instuntly.

Another important provision in the op-
evation of this bridge is the mmgnetic
switch controller or automatic shew-limit
device. With everything io &5 normal
pozition, both ends of the bridge will
travel in the same direction at the same
speed enless one end is retavded by wind
effects, friction or dragging rail zeips.
In caso one tod does lag, the shew-limit
slows down the leading niotor dntll the
ends are agiin even. Hy proper miuip-
ulation of the master switches, #ther
end may be operated in either divection
without danger of skewing too nuch
beeause the nutomutie device wseumes
conitral when ane end lags mure than 22
1. behind the other, Inasmuch as the
flexitulity provided in the bridge design
would permit one tower to move approg-
tmately 85 fr. ahend of the other, there
ig left a wide murgin of safety and cer-
tainty in nperation.

Figure 11.

CALUMET AND HECLA CONSOLIDATED COPPER COMPANY
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Historic Smelting

' ‘ ITH the beginning of copper

mining in the Lake Superior region of
Michigan about the year 1847, a mnew
feature was introduced into the metal-
lurgy of copper. Before that time cop-
per had been obtained from sulphide or
oxide ores by a smelting process that in-
volved several operations for separating
the metal from the sulphur, iron and
other impurities with which it was eom-
bined in the natural state. The product
of the Lake Superior mines is native
copper, and no complicated processes
are required to prepare the metal for
use in industry; it is necessary only to
melt the concentrates and massive cop-
per, remove the slag formed by the rock
in which the copper is found, and then,
by a simple refining operation, to prepare
the metal for pouring into the various
shapes required by manufacturers. Both
_melting and refining were formerly per-
formed in the same furnace, but as prac-
tice has improved, the two functions
have been separated and are now gen-
erally performed in different furnaces.

When the Lake Superior copper mines
bezan operation, the concentrates were
shipped either to the Revere Copper
Works near Boston, or to the copper
smelter at Baltimore where the sulphide
ores of the Atlantic states had been
smelted for many years; but in the year
1850, owing to dissatisfaction with the
quality of copper produced at those
works, and in order to reduce expense,
four of the largest copper rolling and
brass manufacturing companies in Con-
necticut joined in constructing a copper
smelting works at Detroit, Mich., of
which the present Calumet and Hecla
smelter is a direct outgrowth.

At the Detroit works there were at
first one small reverberatory furnace for
smelting the concentrates from the mines
and refining the copper and one small
cupola for recovering the copper con-
tained in the slag taken from the re-
verberatory furnace. The maximum fur-
nace charge of refined copper was lim-
ited to about 16,000 lbs., while today
charges of 600,000 lbs. are common. In
1861 a copper smelting works was built
and put in operation on the shore of
Portage Lake, opposite Houghton, in the
mining district of Michigan. The equip-
ment was of the same type as at the De-
troit works and one description will ap-
ply to both.

The veverberatory furnaces were used

* Buperintendent of Smelter.

The Historical Development of -3

SMELTING«

Native

nd REFINING
Copper

By . D. Conant*

for melting the mineral, as the concen-
trates from the stamp mills at the mines
are called, and the massive copper which
ranged in size from pieces weighing a
pound or less to some that weighed ten
or fifteen thousand pounds. The concen-
trates and smaller masses were shipped
to the smelter in barrels—thus giving
rise to the term “barrel work” for the
smaller pieces, At the smelter the bar-
rels were emptied on the floor alongside
the reverberatory furnace and the con-
centrates shoveled into the furnace by
hand, while the heavy masses were lifted
by hand-operated jib cranes and lowered
into place through a large opening in the
top of the furnace. Charging the fur-
nace was usually done during the after-
noon and the melting was accomplished
during the night; the slag formed by the
portion of crushed rock that remained
in the concentrates and mass was
skimmed from the furnace as the charge

=

melted, and by morning the furnace held
only clear molten copper ready for re-
fining. Following the old Welsh methods,
the first step in refining was to remdve
im;;uritiea by oxidation, ealled rabbling.
This was accomplished by forcibly
splashing the copper up into the air
with a rabble—a hoe-like implement with
a 4 by 6-in. blade and a long iron handle.
While the impurities were being oxidized
in this manner, they formed a slag that
floated on the surface of the charge and
could be easily skimmed off. As some
copper oxide was formed in this opera-
tion, the next step was accomplished by
burying the ends of hardwood poles in
the copper, permitting the carbon in the
wood to unite with the oxygen in the
copper which left the latter in a pure
metallic state. On the completion of re-
fining, the copper was poured into molds
of various shapes, some for small ingots
used in brass making, some for flat

581 ¥
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equary cakes for relling iuta shest cop-  of the machine. AU first the eapper was  this furn & weil o prondunead that

per, wnd anme for bars suituble for draw-

ing into wive. The ingot molds made of

copper and the wire har moulds made of

rom were sel on the edge of a tank

S o S
'y Wiks L] A

easl-iron eake molds rested on the fnor

ix cathos §o be poured, one on top of the
ather, each cuke being allowed to solidify
and chill slightly befare the next was
poured, After the

per wind dipped out of the
men with amall
holding fromm 16 to 20 I ench;

wore corpiml seride the feor and tholr
contents poured inka the molds. Tn pour-
ing o Met coke, which might wolgh he
tween 160 and 200 Iha, from four to
ight men, aceording to wize of the

mold al one pouring: other ladiers fol.
lowed in quick succession untll the full
thickness of the cake was sttained, This
methad, (peficient as it was speciacular,
has passed iito history.

In 1586 the Calumet and Mocls Mining
Compnny, whose prﬂd‘;ﬂ I'mw?hku
years been smelted at the
- gmelter, bullt & plant of {4 own near its
etamp mills on Tarch Lake. This wns

followed in 1888 by Lhe erectun of &
somewhiat wimilar plant at Dollar Bg on
Portaxe Lake by ‘Tmrniu ung Osce-

and Heeln. Al neither of Lhese plants
wae theve any departare from the old
eatablished practice and equipment; re-
wverhoralory forrnees of the eonventional
size and type were honsed in each of the
four corners of dimly lighted stome build-

The firet rodical change from the sim-
ple furnuce refining of COppeT WaE
S8 e & e ol s

iny i

pectet n Bﬂ:ﬂmﬂzn ll:;ﬂlsm‘ At
that Was eon-
su-mvg?h:.l:h pUrposn nrprifﬁﬂl‘m

dipped frem the farnnce wnd ur:d&ato

ieling
from 100 to 160 Ibs,, which wers Wis-
pended from overhesd Lrolleys (noreby
permitting them in le mvved in and dul
ol the furnace and swung over the molds
hy hand, Later thess ladies weee super-
suded by larger omes opernted by hy-
draulie power nnd into which the cops
per fuwed direet from the farnaes by
gravity.

This nsmﬂiu ol welting in one fur-
nAcH 8 mﬂn‘ilg in another wl w0
surceseful that throe ndditionsl melt)
Turnaees of aboul the same pins
Lype were built, the mnly differance b
img that in the lagter :
in the top were located wlong the sides,

thing Lhe concentiales to profoct
hie wide walls from attock by slag wnd
heat and therohy groatly reducing Fur-
mace repairs. This is the frst instance
an recird af side wall charging, 8 proenss
patented by others many years lator anil
which has resulted In much [itigation,

At the Buffale plant fn 1900 & pe-
verberatory metting fornaoe in conec-
tlom with a refining furnace, having a
capacily of 100,000 Ibs., wai hullt and
eﬁp‘pen{ with & Waller circular casting
w permitting a charge of copper to
be poured in less than a quarter of the
ting consumed previouely and at mich
[ese eont, Im the same year a second and
fi.tgir wlectrolytic }ﬂ;m was bullt with
u dally capacity of 40 lons, hoth Chis
plant and the maellor ona being lrnu:fod
on the multiple systom of depod’tion,
With an ample supply of eathodes avmil-
able, it was the practioe Lo mell them In
the refining fornsee, the mineral being
churged into the adjacont melting fur-
naee from which melten copper wus
drawn, flowing thivugh o épout from
one furnaee to the sther ta sapplement
the eathode capper alrendy malted in the
refining furnace. Bevernl of the fur-
nesen were at the same time
with waste heat bollers, and an ap)
einble amount of ateam wan obtn'ned
loow cost to ald In the geoeration of alec-
trie current Tor the electrolytic plant,

In 1005 the wrenetice of using sodlum
enrhonste and Nime to lower the arsenivnl

r Trom reverber ¥

for recovering silver from that por-
tisn of the concentrales thal earried it
In paying quantities. The eathods prod-
wet and the richer grades of mill con-
centrates were melted &

5

-
L
z
"
g
H

tervals of from 8 to 12 hours into one
of the exinting smaller furnsees for re
fining. Al same fime -

and raise the eloctrical condue-

wak and lima i eqoal proportions was
threwn wver the surface of the furnice
charge during the oxldizing stage of re-
fining, forming a alag in which the ox.
idizing arsenic was absorbed nnd with
which it was -Irlmuai out of the Nr:f

At eontact with the arsenioun pxide,
Early In 1014 the frogibility nf harn.
ingr pulverized coal in the reverberatory
hnmm::mnlm “’1:; Tl:‘h.rrlh:f
eeanomy efficiency, o t
type of Tuel having been geovral for
meny years in the cement =y and
pinew 1012 for amelting in Can.
wdi, The advantages of hurning eol in

CALUMET AND HECLA CONSOLIDATED COPPER COMPANY

it was dec to uﬂly the systeom at
the Dollur Bay works) bul sinee pow-
deved conl had not as yet hoon trled any-
where i the refining of eopper, an ex-
pensive pulveriging plant was nol con-
widoved mdvinabile and n anit pulverizing
mill af the type nsed 0 coment horning
win chosen for the exporimenl. The trial
wis sucreraful fiom the beginning, for
oot wnly wis the melting uww ished
readily, but the refining resul e
mure ovon grade of eopper tinn hod ever
befove hwen anminel,  Later on when
the destgns Tor the bmproved and en=
lm‘Em renprlwistory  furndoes ot the
Hubbell worka weee 3 e wns il
piivtded & enpucions snd pflolent con-
tral  pulvenizing  plant  completely
equipped Tor deying, fne gvinding amd
distributlon of powdered conl hy mesn
of compressad wle to storage Uioe wt eavh
furnace,

In 1014 the Buffals works were closed
and all opurations wers transforoml (o
tho Hubbell works on Terch Laky where
o new clevtralytle plant of fivw will on
pounds n month expacity had been built,
which wonld opurate weder thy faviralbile
condition of a low eleetels curvent oost
pwing W e utilizatinn of cahaost steam
at the stamp mille for genorating power,
Twa  100-kom  reverbesatory  fa
ench of 200,000 Ihe holding capncity, hb
also bepn bullt and eqidpped wilh Walker
custing mmohines mnd were used i
cipally in the preparation of wnuiles for
the electrolytic pluot, The Intter wos
clozed in 1922 hecausy of the luwering
of silver vnlues in the copper and the
fall in the pries of silyer, These Tor-
naces and t:err cquipmwnt were Dnndes
quute for muking calkon and wire bars,
while the wnstantly incressing propor-
ton of low grade eaieonteates prosented
n‘émmm i wielting for wh!tg Ehe ex-
isting furmaces were unsuitelle. Plans
were made necordingly for the eomstrucs
tion of @ lirge peve; tiry melting fur-
niee 0 mwll all of the concentrates and
deliver molten copper to the refining fur-
navces, und for enlu anid despening
the latter wi s 1o hold as much as 600,
000 Iba, of copper at o time, I con-
nection with these improvoments it was
planned to replace the

times o the ccomomical and efficient pro-
eedure of the present duy,

This transition period haa seen the
passing of the blest furnaes weed for-
morly to wmelt the glag that wok skimmed
fram the revarbers fornmees, during
Lotk the iowiting &n erd flages,
and o recaver thi copper i hy the
slag In the form of silicats, Nunerous
n“?m h.ft the ul e MW!‘

¢ Lrom pn rqu while
ﬁ mina hut m:s wih mclm'
only after the a tion of pulverkzed
eoal.  Now t;r ﬂﬂﬂ‘hﬁ abmog-
phere fa muintained in the malting fur.
naces while uxidation of metullie eopper
is preventud l:;thin' enal or coke

l.“lﬂm

ln:;:‘:;mr t;nlﬁmm_t:d;ul s n;'r!l:nﬁ
man affectiv elymped P
per in the malting furnase, the blast fur
noce DS e UnneceRasry.,
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Flgure 3. Interior of c

zerving the fornaces. Concentrales mre
drawn off from the bins through gates
into 150 en, ft. scale-cars for chargimg.
Beale car with tharge leaving coneen-
trates stornge huflding is showd in Fig-
ure 4

In conpidering the furidce operationg,
it must he borne in mind that the pres-
ent furnace plant iz an eotgrowth from
suvepal units which preceded it, and, al-
themgh a new plant would be somewhat
differently arranged, the present equip-
ment does very well indeed for the por-
pose.  There are also several pperations
inyolved in the practive of smelting lake
copper which do not eonform to those
peed in matte smelting. ¥or this diffec-
enice there are very govd remsons, al
though they nre not always upparent.
Except for the copper oxide from am-
monin lesching, the entire metal conlent
of the toneentrates is nalive copper. The
copper is too low in silver to Warrans
electrolytic refining and contains no mali
whatever, and there are no ather fm-
purities which can not e removed by
fre vefining. A map of the smelter i3
shawn in Figure 3

The smelting operation comsists  of
three ezzenticl step (1) melting, by
which the metal 18 relensed and fhe
gangue s removed as slag, (2) refining
—that 1%, the removal of impuritiez by
oxidation and slagging, followed by the
vecluetion of the exeexs oxido by poling,
and (3) vasting ihe refined metal Snto
shapes,

e s
L. e

atorage buildi

The melting operntion is carried out
in m reverbermtory furmace fived with
pulverized eoal Thie furnace is
squipped with tapplng epenings Tor slog
on one side pear each end and with
tapping slot for copper un the opposite
side near the burmer end. The wet fur-
nace charge is brought from the concen-
{rates storage building in seale weigh
ears, which are hoisted with a ¢rane and
averturned Into storage hins over the
furnace. There ave eight of these bins
in line, made large so that the greater
part of the condentrate handling can be
deme pn the day shift. The furnece is
charged from these bing through open-
ings in the center of the urch. Center
charging is practiced in lake copper melt-
ing furnaces, and i, no doubt, the most
effective method under the circomstances,
The practice is to charge 6 certain num-
ber of holes every two hours, ar at
longer intervals, depending on the rapid-
ity of melting at the verious points along
the Tornaee. While the ¢harging ia going
on, slag is being drawn off more er lesn
enntinmotisly, starting Trom 4 to 6 homg
after the first charge, or ns soon 8 the
slag becumes sufficiently fluid. The for-
nace otmosphere during  the melting
period must be kept slightly reducing.
The reducing atmosphere, together with
the coal screenings mixed with the
charge, prevents oxidation of the metallic
copper and subsequent Inss of oxidized
copper in the slag. At a time roughly
14 hours before the copper iz to he
tapped from the furnnce, charging is
stopped und the piles of coneentrates are
allowed to melt down, Before the plles
wre fat, air s introduced below the sae-
fuee of the bath for a perlod of from
4 to 6 hours. The purpose of the air
I% to assist in bringing wp the unmelted
material from the bottem, It |8 esti-
mated that sbout 7 hours of the melting
time is saved n this monner. It is

Stziat important not to ovidize the bath teo
N s far, or the slag losses will be high; but
Bing :
i B BF
5 pis —
Sectiin Thru Cancontrate Buriating T 2
Loaking Norrh
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Figure 4. Scaly car with charge logving concontrates sarnge
bailed

ing

the mauterial risine from the bottom
brings up & mass of coal wereenings with
it sl na Jong me @ blanket of fine eoal
remaing on the surface of the bath, the
dunger of oxidation is slight. Slag is
not drawn off while the sir-bluwing is
fn progress.  After the blowing s
stopped, the stag is allowed the to fep-
arate, and the tupplng is then resumed.
From £ to 4 !MK(’!‘ of alag ¢ allowed
to remnin on the bath and the copper
js tappad from benesth it. The reducing
ptmosphere i the furnace caooses tbe
copper bath to retain a certnin pmount
of fren snd sulphur in solution, bhut the
oxidation removes g oonsiderable part
of the iron,

Analviis of Melting Furnacs Copper

i

o

The slag formed in the melting fur-
nace would not be considered very de-
givable for a matte Turnace, but it ia
quite fusible at @ sufficicntly high tem-
pernture, The following s an approxi-
mate average slng analysis for normal
operation:

Perrent

iy 24 Veesnnarny 0D
. i 300

M L
Caulh 1 Bn
i [

An the slag leaves the melting furnaes
it iz pranaluted in water and pumped
1,800 fL throngh n G-in. pipe line to the
waste shag dump, Two puinpa in series
are used |n this operation. -Samples of
the sldg arve tulen sutomaticslly ag it
enters the second pump sump.

The smelter has lsarned Trom: bitker
experience thet it Is necessary (o huve
anfficient spare furnace capacity o re-
place any unit on short notice, There-
fore two furnaces for melting are avail-
able. The newer melting furnace, No.
20, 14 larger than the older furnmee, No,
% and 12 more advantagecusly placed.
The intention is to nse No. 23 as litth
ne poseible, but it must be kept {n remdi=
nesa in case of serious trouble with the
newer fornace, such as & hottom veplaes-
ment, No, 20 fuenace i 20 lcented that

_ﬁ
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maliten char of eopper ean be
wn oll tllrwgr brick-lined, east-lron
rs B0 ur 60 ft. long to either of
refinlng Turnaves Jocated near |t
¢ from No. 23 furnsce must be

Fisl o Uhe refing

s A photograph af the interior of
ting furnace No. 20 §s shown in Fig-

ten I‘?]I-‘T i not wo enzily hundled
tte. In the first place, its melting
in much higher, and, unless it e
considerably above the melting
it will not wun in the [ntnd

furnaces in 1i-ton -
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g
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5
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]
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Ir is mecessary; the masimum
Ume for m very extensive renewal of
'ﬂ'l'tlnﬂ arch would not be over one

ol freesing.  The melting range of
rois g0 mmull smil its heat comdue-

82 to be renewed, the task of

o ol

l!mlﬂ B iy Wiswhy

Larme L, P
o 3 cale

-2} .
W Maaty fae Boiie fm THE T n
e L

-
'L

8 gr4med
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tothit shulls will form

n;']tf i:ill';ll eald, (nee

to form, it gopd

stop tapping muels.

is always very difficolt and

ble if u very Beavy cut

For Ihi= reason, it has

o melt practieally the

entire charge and allow (he bath to heat
A tapping

Figure 5. Map of smelter

backs and chacge-hole jackets ura
i ilimeidized eopper aml are als wal
zonild. Water-cooled are-

out the ol botbom is quite ardus
ous. Since the bottom is tharmughly
COppEr

trated
ichi|
mi|
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oletion wnd automatic carbon-dioxide
recorders,

Cust of Melting Furnace Operation
Fer Ton of Conesritrates
Attomlaney .
Fool {Pubyerized
Bappilm ..

Motive  Fiwer
‘Tramway . ]
Ripnlyw—Lalbare .o ooo e BT

Hepalra—Relraciorie .
manedng Furnsce Charges 232
Tots] Melting Oost (... B2.50

The metal drawn from the melting
furnuces is run to one of two vefining
furnaces of the stondsed type. These

terior of meli-
img farnace
Nu. 20

have & capac'ty of foom 260 to 450 tons
of molten metal, depending on whether
the bottom and sides are mew or wvery
much worn. Either of these furnaces
can be run ot 4 rate safficiont to eare for
the entire production of eopper in mor-
mal Himes, One is & spave for the other,
and as nearly as possible they ave dupli-
catog, The construction of the refining
furnaces is similar to that of the melt-
ing furnaces, He main dilferences in-
cludes the elimination of the “verb” and
the use of [ackets instead of bottom tie
rods for binding the ends of the refin-
ing farnaces. e dimgram of vefining
furpace No, 22 in Figure 7 and a sec-

Figure 6. fou-

Oetiher, 198

tion through No. 20 and No, 21 furnse
in Figure &

In addition to the molten charge, eo
per Gxide from the leaching plunts
handled by thess furnaces. Sinee |
oxide {8 very eorrceive to brick work,
ix customary to protect the bottom a1
sides of the furnace, vspecially near
tapping alot, with a blankel of rich eo
contrates. This material is charged in
the furnace, together with whatever r
fining serap or serap molds or mipe ma
in available, before the melten charge
run in from the melting fornnce, Sm
smass copper i charged directly into t]
meélting furnuce through a chute pr
wided im- the purpose, bot the largi
pleces are charged intn the refining fu
naces thro n covered water-cooh
opening in the aveh, To prevent expl
gioms of the copper oxide, which can |
fuite seriods, or in any svent, apectac
lar, it is necessary at least to partly me
the charge already in the furnuee befol
adding molten metal.

As seon a8 the melten charge s in t
Turnace, oxidation of the bath with a
commences.  Compressed alr is intr

| wral

| e | _-‘n - _::d-w

-t
e
|

.n " T . =~ 2
7 L3 T
I ,
¥ i 4T =
|
o ;
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dueed under the sarface of the hath
through iron plpes eovered with a ro-
fractory cement. This is dime ot as
many ponts as possihle g0 that the
chargpe will be fully oxidized by the fime
it is completely meltedd, Tn order to re-
move the iron and sulphur as rapldiy as
possitile, the nxidation is earried furlher
than in vefining cothodes, During the
axidizing period, the iren removed from

the bath would ordinarily form wn in-
fusible slag on the surfacs, hut the

tharge 8 rapidly analyged Tor iron he-
fore refining and a safficient quantity of

sind is thrown onlo the bath to flux the
fron nxide as it {8 liberated, This treal-
ment results in s very fluid slag which
is skimmed of, granolnced (o water, und
pumped to the flter bin In the coneen.
irales stavape building, There it in de-
whterid, mixed with eoal seveenings, and
ndded ta the melting furnace charge. A
Hummer sereen iz provided Lefore (he
£lug pump to remove from the prans-
lated slag brick and onmelted umps,
which wre always present in varying
Aot

All the furnaes churges contisln arsenic
which may be removed o meet eloctrical-
canductivity speoifications after the jron
and sulphur huve been eliminated, The
removal is accomplished by blowing [T
derial sndw meh lnto the bath, The soda
farma & Nuid slag which absorls arsenic
rowdily. The apda nings, baing vary aar-
vebive, must not be allowed to remain o
the bath too lopg,

After the arsenic Is removed, or even
while it i being removed, poling
started o reduce the sxepss OYXVEED i
the hath, Green hardwood pales are used
6 the paling process. The OXYREN fon-
Lemt of the biath s redueed Lo 0,04 (0 0,05
pereent, which is about right for tough
pitch copper, and the metal ready Fur
ennting.

In casting the copper, the metal fu
drawn off from the furnses into tilting
ladles which supply the molds, The
molds are uf cnst eopper wnd nre plarad
on g custing wheel of the Clark type,
which has o capacity, depending upon
the shupe cast, of from 80,000 to Lab ey

Figure 9. Clark costing icheet

pounds per hour, ‘The operition ii eor-
Houaus, As soon is the meta] Inds et in
Lhe mold it i= nutomatically demped luto
a water hosh, and ix removed From |he
besh by & pan onveyor onto an inapec-

tinn table, also o lmrt of the convegyor,

srelen, where imperfections are pemoved
by chipping and where |mperfect east.
ings are discarded,

Refialng Conts
Tar Ton of Cogpper
Allpndasse . i.oooeee oo ABAD
Fotl | Pubrpriiod Coul) .57
Fules for oh0iGg ... !

Fluses ..

Tkl AT bawhae o /RTHL

Copper maolds are made on hpdraulic
niold presses; mither water-eooled copper
or castlron cores being used.  Copper
lur these molds may be eenveyed from
any of the thres refining Turrinces to Lhe
preases either by means of ErET-Rup-
Ported ludies or divect by gravity,

The multiplicity of shapes vequlred hy
ENUPur CcOMBUMErs ngcessiBatos tying up
un immense stock of copper in molds
Wire bars ars made in all sizes ang (ot
caken, wedp colees, and slabs o many
¥aristies must be prodoced ns catled for,
Mold storage presenis a problem, Mulds
must be readily acosssible Tor the cust-
Ing machine and still can nut be allowed
to neeupy valuble spues. A building
Tormerly usad for dleetrolytic tank house
has besn remodelled and Hetvms very wall
for sturage purposes, 1L |3 Bat unedm-
mon to have 8,000,000 pounds of oNpar
on hand a5 mpjds. Figurea 5, 10
and 17 for photographs of eayting wheel,
inspection and mnld storage,

From the iespection table the cast
shapes are loadod on narrew-gaugn fat
card, weighed, snd taken either ta the
smalter doek for lakn ehiprent or to a
;‘Inrlgeliitd served by ovarhead oranes,

rum the storage yord the o
be loaded inte railroad cars h:’pmur:’l‘
8 orune and an electrie Gt truck.

Cont of Costing Refined Copper

Pe= Ton wf Cupper
Opera Latay .., el
Bwnlid:‘:nd' Fowar . A
lnwh;r and Lebding ceppay AT
ew Molba—Lakar . g0

Miiiig New  Molde—Suppiies &0

Tisad Casting Cost ..., qL07

In addition to the regulur refinlig fur-
taces there is a furnmee of ahout 75 tong
capacity equipped for frolleydadls dip-
ping. This small Turnacs wys hoil far
custing billets and for making wp small
orders uf specinl shapes which eould net
be mada eotmomieally ut the larger fur-
naees, The furnuce operates intermit-
Fﬂd’ ns urrlera] tE]n:rr bﬁ:l:t: aecwmalnbe,
t ig 80 arcanged that & Ee upening im
the arch enn be ased fop t!:nrgin:qun-
mually large pieces of mass copper and
asctiona of old farnece botboms,

All Tarmaess o fired with pilverized
eual, Tha codl pulverizing plank is eEn-
trally loeated and the coal is blown from
8 weigh ok in batehes of fve bons fo
bine werving each furnace. The ooal
plant is equipped with o single roll

CALUMET AND HECLA CONSOLIDATED COPPER COMPANY
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Figyre 10. Copper inspection

crusher, megnelic belt separators, 100-
fon crushed - coal bin, Ruggles - Coles
doublepass dryer, and two Raymond six-
roller mills, A washer and a Draceo
filter are wred to remove dust from the
drying and grinding systems rospee-
tively., The building was desm‘ned to
provide for duplication of drying nnd
grinding units if the mecessity should
arise. The conl burned is & very good
grade of high-volatile hituminens, have
g an ash content of from 3 to 6 per-
cent, salphur alwaye below 1 percent;
and # heating valge of from 14,200 to
14,700 B, t u, per pound, Hines the
moistore content 18 very low, in summer
it i zometimes u(wslhh- 1o dmu_mu with
the drying operation. In meu. 0oacs
count of the snow on the stock piles snd
eoal carz, drying is always necessary.
An effort ts made to keep the moisture
comtent of the pulverized coal below L
percent. The fineness varies from TH to
85 percent through the 200 mesh, de-

nding upon the condition of the mills.

ulverizing eosts are slightly over §0.00
per tan of coal.

All furnaces are provided with waste
heat boilare which ean be by-passed if
necessary. The melting fuirmaces hava
dust chambers following the boilers.
These melting-furnace boilers are ar-

Figure 12, Lopding copper for reil ahipment ot worage vord  Figure 13,

ranged for pulverized coal firing in ease
a furnace should be shut down and addi-
tional steam should be desired. The
waste heat boilers on the melting fur-
naces give very fair performance recordy
in spite of the heat tuken up in the fur-
nuce. Ewvaporations of 7 to 1 from and
at M2 degrees F. are not uncommon on
the total coal burned in the furnace. The
gas tempermtures entering the boiler
may be &5 high aa L300 to 2,500 deproes
F. and those leaving the loilec will he
abput GO0 degrees. Steam iz used for

“running an BO0-kw. torbine generator

and for other mizeollaneous steam-
driven equipment and alzo for heating
the buildings in winter.

Thres bramls of eopper which are clas-
sified by arzemic content are produced at
the smefter. Typicul analyses of these
three brands are given in gn neeompany-
ing table.

The standard specifications of the
American Society Tor Testing Materials
for low resistance Lake copper are the
same in all particulars as those for elec-
trolytie copper. Prime C&H is wsed in
all sizes of wire for electrical purposes.
On account of its inherent high native
purity, toughness, ductility, and tenslle
strength, prime C&H sheet and strip
conper enjoys popularity in the trade for

CALUMET AND HECLA CONSOLIDATED COFPER COMPANY

Ootaber, 1931

Figure 11, Mold storoge

many uses, such as washing machines,
automobile radiator cores, and refrie-
erators,

Typieal .'iul,\'sl: of Three Bramds of

pper
Prime CkH
Feresnil
Copper phis Hilper,
Arsenic ‘
Tran
byl
.

o
Uaymen

'l percent arvenks vuries
Iriafs 0,06 ti 060, (Mher (e
4 wther gradia

* Arweitls mimny vary foom G820

Nautura| C&H and € L da are
specified for architectoral TWIng
to the inereased strength and resistance
Lo eorrusion imparted by the arsemie.
This metal ks alse wsed In Eurepedn
practice for locomotive fireboxes and
etaybolts.

In addition hese brands some metsl
i§ Auld on the besis of silver content,
High-silver Calumet & Heela copper,
which maintains its strength ut ‘high
temperatures, w wsed for specis] pur.
poses where this requirement must be
met,

Loading copper for Loke shipment at copper dock
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wecennity of fnes grinding of (e &-n mntarisl. O
the -n'gmmm ore uf the Lc....‘:‘m inde, ned leo
. that nf Uhe Pewnbiz iode, the motallurgical recovery
18 Tk noarly aa geod for fho s degres of eraahing.
Tu gus 1 reauits 13 18 ‘o pusurt to
regrinding of 1he eaarear talilnge.

Corres 18 Uoalses 1% AMYSDALATML Lebsd

In all of Ee smygesdeids] lode the cpper ja In @
coarser atage of subdiviaion than (n the Calumes eof-
slomnrate  This, to releae hin sinerl salom, (BB
necoasary in the case of fhe Celumet eoiglspersie
o grind tu o Aser sies then for the wemyprdnladsl ore
‘The big peobbens fne the metaliuegial 13 Tat s much
i devise o method of saving the eotper whes Mhermtar
dm b s bo deeide bo just Whisl sikoat ks G4 gratified
In going mta the matter of savicg, His jodgment U
ihis reapesl mukt Do bemsd on meny Cecturs, scme of
which are within his sontral snd same of which arn
not  Thy eguipmant (hat wodld huve bean justided
41 26 eopper would nof b scvmnmtlcal et 1 poppr,

FIL L LD EEORTSOING FLANT OF TES CALUMEY &
BILA MTHTRG oo,

and, fu he gmmie way, an squipment that would be
Jursillad for » glven pries of aspper for & givam quality
ud » In tugm, mat I:‘;uulﬁu‘l 1o cis tye pre
bps or thyoa pounds lanar. Thet s the
haMmmnmuumnumunuum
eomplaxliy of trestmant 604 the chalde of [ha flow shear
arm, b0 & preat axiesd, s quendvs of the valup of the
unéhrpunullnl::.m.
n_nhdam st Le cfomrly i3
sevisw of L metslhuriey of Taks suw“""m‘“uf.:'.
Mot uf the prmmace of coxrse metilic ruppar,
et it s mataliic sod therafars et achjaet
of mperater. As i well

i

Temerey OF mzaras
”nrf!.hhsiln_lhntm!lumuhth I‘M‘“ﬂzﬁlhﬂ;‘h Ena
ior Tegior,
Tt wosld be sasy to devisa 5 &::"hx n
4 e Ehae
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