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Summary
Introduction

Torch Lake has been an EPA Superfund site and Great Lakes Area of Concern for over thirty-five
years. Remediation has been slow and incomplete. The industrial site of copper ore processing that
produced stamp sands (tailings), slag, chemical pollutants such as polychlorinated biphenyl compounds
(PCBs), and dramatic ecosystem changes during 100 years of mineral processing and reclamation, Torch
Lake remains a polluted environment. Remediation has focused upon coverage and vegetation of the
stamp sands that extend into Torch Lake and a few emergency actions to remove metals, ashestos, and
PCBs at specific locations. What remains to be remediated are the lake sediments rich in copper and trace
metals that prevent a healthy benthos, and the western shoreline of Torch Lake where many processing
facilities once existed. The purpose of this report is to document the history of pollution at Torch Lake
and to make available the findings of ongoing research and data collection in a form that benefits the
community, government agencies, and researchers who continue the work of improving the Torch Lake
ecosystem and eliminating exposure to major pollutants. This Summary attempts to synthesize the entire
report and may be read as a stand-alone document; however, for documentation of information sources
and rationales for opinions expressed in the summary, the reader must refer to the chapters of the full
report.

In 2011 Michigan Sea Grant funded researchers at Michigan Technological University (MTU) to
perform an Integrated Assessment of the Torch Lake Area of Concern (TL AOC). The original objectives
of the project were: 1) to gather and to summarize existing information regarding conditions in the AOC;
2) to communicate with stakeholders about the status of the site as well as stakeholders’ ideas for and
visions of future conditions in the AOC; and 3) to identify and to begin to evaluate potential remedial
actions that could mitigate any remaining undesirable conditions. This report summarizes the project
findings related to the first objective and summarizes the actions taken to meet the second objective. The
third objective was dropped as the project evolved, and no evaluation of potential remedial actions was
performed. This project was funded for the period 2/1/2012-1/31/2014, but we included actions through
12/2014 within the report. Actions subsequent to that date are briefly summarized in the Epilogue.

The report is organized into several sections, some of which include multiple chapters. After an
introduction to the scope of the Integrated Assessment in Chapter 1, Chapters 2-5 discuss the
development of mineral processing and waste production at Torch Lake, the government study and
remediation efforts through the Superfund and AOC programs, and the role of community participation.
Chapters 6-9 address the major problems including the three AOC beneficial use impairments: fish



tumors, fish consumption restrictions, and degraded benthos. In addition, Chapter 9 summarizes other
problems not addressed to date, and offers some general observations and recommendations. This
Summary does not summarize each chapter, but rather discusses the key points from the Integrated
Assessment of most benefit to community members and those needing an overview of the status of Torch

Lake pollution and remediation.

Figure 1. Beached remains of Quincy Dredge #2, Mason, Michigan. Photograph by Todd Marsee,
Michigan Sea Grant, 2012.

Industrial History

Conditions at Torch Lake today are the result of over 100 years of mining-related activities and
the subsequent 45 years of remedial actions. The mining industry released wastes to the atmosphere, to
the lake and its tributary streams, and to the land around the lake. A unique feature of this project was the
application of research into the industrial history to clarify the genesis of, the specific components of, and
the spatial and temporal distributions of the “problems” at the site. The historical research included
extensive review of materials from the MTU archives as well as interviews with local residents with
memories of the industrial activities and the post-industrial period of reclamation. This investigation
uncovered a complex picture of copper milling and processing along the western industrial shoreline of
Torch Lake. The multiple sub-processes involved in copper production resulted in differing waste
streams. Additionally, as technology changed during one hundred years of processing, the character, size,

and location of waste streams changed.
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Figure 2. Photograph of Calumet and Hecla dredge with Hecla stamp mill in background. Photo
courtesy of Michigan Tech Archives.

The western shoreline of Torch Lake provided a site for milling facilities for the mines of
Calumet and Hecla (C&H) and Quincy mining companies. The first mills, located in Lake Linden, had
access to water (needed to produce steam and to separate metal-rich and —poor components of the ore)
and to a water body to deposit waste tailings. When the US government established harbor lines that
prevented further dumping from mills operating in Portage Lake, several companies moved their mills to
Torch Lake. A total of eight mills operated at different times along the shoreline between 1860 and 1970,
producing the large volume of stamp sands that were deposited into the lake (~1.5x108 m® or ~200 million
metric tons). These stamp sands became the object of reclamation beginning in the 1910s and continuing
through the 1950s, adding a new dimension to processing in the district. The original stamp sands were
dredged, re-ground, and then treated in leaching and flotation units installed in Lake Linden and
Tamarack City, and a flotation unit at Mason; this processing used chemicals including ammonia and
xanthates, and created new wastes in the form of metal-rich sludges and finer tailings that were re-

deposited into the lake. Electrical power replaced steam power such that by 1940 most industrial



facilities along the western shoreline were powered by a single coal-fired power plant located in Lake
Linden, augmented by steam. A smelter located in Hubbell was operated by Calumet and Hecla for
nearly one hundred years, and two large coal-handling facilities were built at Hubbell (C&H) and Mason
(Quincy). Auxiliary buildings such as sub-stations and chemical laboratories added to the infrastructure
and potential waste disposal in and around the lake. The original sole focus on production of copper
metal was broadened to include production of secondary copper chemicals, and this also brought new

waste streams.

Photo Courtesy Michigan Tech

Figure 3. Photograph of Ahmeek stamp mill located in Tamarack City, Michigan. Photo courtesy of
Michigan Tech Archives.

Mineral Processing and their Waste Products

Two types of ores, amygdaloid basalt and conglomerate, were processed near the lake with only
conglomerate ore being processed at the north end of the lake (Lake Linden), only amygdaloid basalt at
the south end (Mason), and both types in the middle. Only some basalt ores contained arsenic, and hence
arsenic enrichment is not found in stamp sands processed at the northern end of the lake. Conglomerate-

derived stamp sands were easier to reclaim, and reclamation included both flotation and ammonia-



leaching; all leaching was performed at the Lake Linden and Tamarack reclamation plants, and the metal-

rich slimes/sludges produced by this process are likely confined to these areas.

Composition of slag, a major byproduct of smelting, changed tremendously as technology
developed. Early slags (pre-1914) were generated at lower temperatures, and had higher metal content
and probably higher leachable metal content. The locations where these slags were deposited remain to
be clarified. Use of coal pulverization (beginning around 1914) increased the efficiency of metal
separation from slag and resulted in a more vitrified slag; these slags are less likely to leach metals than
the earlier slags. Beginning in 1929, slag was ground and subjected to flotation to extract copper; in the
1930s and 1940s, slag was granulated (fractured by depositing in water) and then pumped to be re-
extracted. These later slags are likely to have lower metal content and to pose less environmental hazard
than earlier slags. Beginning in 1905, amendments were added to the smelters to draw arsenic from the
molten copper into the slag. In the late 1940s, arsenic-rich slags were reground and leached (Lake Linden
reclamation plant) to extract the arsenic; it remains unknown what was done with the arsenic-rich leachate
but arsenic enrichment is observed in north basin lake sediments and soils in the Calumet and Hecla

processing areas.

Vast amounts of coal burning were required to support the mills, smelter, and electricity
generating facilities, a dimension that has not been considered previously. Considerable quantities of fly
and coal ash were generated; the coal ash was deposited with the stamp sands into the lake, although for
some period after World War 11, the coal ash was subjected to metal reclamation. The leaching plant at
Lake Linden produced metal-rich sludges/slimes as a by-product. The complete extent of this material
remains to be determined, although some was identified and removed in a Superfund emergency removal
in 2007. Reclamation of scrap materials resulted in additional toxic waste generation in the area.
Specifically, lead- and zinc-rich wastes were produced, and PCBs were volatilized and deposited in soils
through burning of copper wire insulation. The present-day distribution of lead-enriched sediments and

soils shows the locations of disposal of reclamation wastes.

Electrification of the mining industry was accompanied by use of PCB-containing transformers
along the length of the shoreline. The specific locations of installation of many of these transformers
have been identified. However, the fate of the transformers and PCBs following demolition of sites has
not been determined. One significant insight from our historical investigation of mineral processing is
that many of the contaminants that remain in the landscape today originated from specific locations and
industrial processes. The types of waste remaining at the site and their disposal locations identified by

this type of research can guide further remediation efforts.
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Figure 4. Photograph of C&H smelter and concentrate storage building in Hubbell, Ml about 1950.

Remediation History

When copper processing and mining facilities shut down in 1970, pollution concerns surfaced a
few years later when residents noticed the presence of fish tumors. For the next 15 years, Michigan DNR
and MTU researchers investigated these tumors in an attempt to locate the cause. Evidence pointed to the
mining environment, but no causative agents were definitively identified. Meanwhile, in the 1980s, the
US EPA and the International Joint Commission each designated Torch Lake and surrounding sites as
significantly contaminated and listed them on the National Priorities List (Superfund) and as an Area of
Concern (AOC) under the Great Lakes Water Quality Agreement.

Most remedial actions of the Torch Lake Superfund program focused on one waste stream, the
stamp sands around the lake above the lake water level ( Chapter 3). The fish tumors that were one of the
original major causes for concern have disappeared, presumably as a result of cessation of release of
carcinogenic compounds into the lake (Chapter 6). Remediation efforts did not focus on removing sources
of PCBs or mercury (Hg), and fish in Torch Lake still have elevated concentrations of these pollutants
that result in fish consumption advisories/guidelines for multiple fish species (Chapter 7). No concerted
effort was made to remediate the soils at the sites of industrial activity, and hence localized areas of soils
highly contaminated with metals, PCBs, and asbestos still exist. No effort was ever made to examine the
extent of soil and lake sediment contamination by plumes emitted from the boilers and smelters; the



extent and degree of contamination from these sources remain unknown. The lake water is safe for
contact recreation, and supports a healthy ecosystem with several notable exceptions including a highly
depauperate sediment community (benthos) (Chapter 8), restricted shoreline wetlands and macrophyte

beds, and possibly limited fish spawning within the lake due to sediment toxicity to eggs.

Lessons from Ongoing Remediation and Citizen Involvement

Our research also included historical analysis of federal and state involvement in the
environmental history of Torch Lake (including the remediation details under Superfund) as well as an
evaluation of citizen interest in pollution issues and involvement in ongoing remediation. Several lessons

emerge from this research.

The historical context is always important. Actions on the national level were important to both
the polluting of the lake and to its remediation. Close scrutiny of these actions (Chapter 3) helps to clarify
why remediation remains incomplete after 45 years. Torch Lake was specifically exempted from
restrictions on dumping of materials into the lake in the 1899 Rivers and Harbors Act; because of the
importance of copper production to the war effort, pollution restrictions were again waived from 1940
through 1965. These waivers allowed roughly 50% of the lake volume to be filled with stamp sands (see
Chapters 2 and 8 for documentation). Even more than at other sites throughout the U.S., pollution was
unchecked by national laws and anti-dumping policies in navigable water bodies. Local concern and
local studies coincident with the environmental awareness and associated national legislation in the 1970s
were instrumental in the listing of Torch Lake as part of the Superfund and Area of Concern programs in
the mid-1980s (Chapters 3, 4).

The historical research presented in Chapter 3 identifies four problems that have impeded the
complete remediation of Torch Lake by either Superfund or the AOC program: lack of funding, the
narrowing of focus on a complex contamination problem, polarization of local and official viewpoints,
and finally the failure of agencies to re-examine early conclusions as new knowledge and remediation

tools became available.

Lack of funds within the AOC program led to little action under this program after completion of
the first Remedial Action Plan (RAP) in 1987. Funding within the Superfund program was adequate for a
remedial investigation (1988-1992) that led to a plan of action (Record of Decision, ROD) in 1992.
However, it took six years to make funds available for remediation of stamp sands around Torch Lake
(Operating Unit I). In the meantime, the sediments in the lake (OU I1) were delisted without remediation.

This meant that the lake itself and its sediments received little attention. Later, despite an influx of funds



into the AOC program through the Legacy Act (2002) and Great Lakes Restoration Initiative (2010), the
lack of an action plan (i.e., the lack of a remedial investigation within the AOC program) has rendered

acquisition of these funds for Torch Lake unsuccessful to date.

A second impediment has been the narrow focus of all government agencies involved at Torch
Lake, but notably of the Superfund and AOC programs, on a subset of the problems present in the lake.
This is further complicated by the lack of any entity capable of integrating all efforts. During the
Remedial Investigation of the Superfund program (1988-1992), a sampling design not informed by
knowledge of historical industrial activities led to failure to identify many of the hazards present in the
area, especially those at upland sites surrounding the numerous industrial facilities and residential
communities. As a result, focus shifted from the entire industrial area and the contaminants associated
with industrial activities to only hazards from airborne dust from the large stamp sand deposits on the
lakeshore. This meant little or no attention was paid to the PCB-contamination of soil and lake water,
high metal and asbestos contamination of soils around industrial facilities, deposition of toxic substances
from smelter and boiler smoke stack plumes in residential soils, and the mercury release from mine
discharges and tailings. The AOC’s major focus on problems within the lake led to restricted efforts to
determine the out-of-lake sources of materials (mercury, PCBs, copper) causing those problems as well as
exclusion of other problems on land (e.qg., soil contamination). Within both programs, the predominant
focus on fish tumors as a potential human health threat was accompanied by a failure to recognize the
threat from mercury and PCBs despite documentation of the presence of these contaminants starting in
the 1980s. Not until the update of the Remedial Action Plan (RAP) in 2007 did MDEQ formally
conclude that the BUI associated with restriction on fish consumption should remain in place because of
PCB contamination. It decided that mercury contamination was a regional problem, not specific to Torch
Lake. The Michigan Department of Health and Human Services (MDHHS) did recognize the multiplicity
of potential concerns, but it had no legal authority or funding to collect data to determine if the risks were
significant. The Michigan Department of Environmental Quality Water Division (MDEQ) and U.S.
Environmental Protection Agency (EPA) focused on the water quality violations associated with high
copper and mercury concentrations in the tributaries, but did not work in conjunction with Superfund or
AOC programs to ensure that remediation efforts would solve these problems. While the law governing
Superfund does mandate some inter-agency coordination (Applicable or Relevant and Appropriate

Requirements), it has been ineffective at this site.

A second issue arose from the focus of each remediation program on narrow, and different,
subsets of the total program. The differences between the two programs eventually created confusion

among citizens as to the types of problems created by mine processing waste, and further complicated



citizen understanding as to what might be appropriate remedial solutions. This confusion and the
complexity of problem definition and remediation has likely led to a diminishment of citizen

involvement. The EPA Superfund program focused on human health and ecological risk, whereas the
AOC focus is on lake beneficial use impairments. Both programs require remediation to reduce or
eliminate risks or use impairments before a site can be delisted. While there can be overlap between these
two foci (e.g., the health effects behind the restrictions on fish consumption), they can also lead to
different definitions of the problems at a site. At Torch Lake the Superfund program identified blowing
stamp sands as the primary human health threat, and degradation of the benthic community as the primary
ecological health problem. The AOC program, however, focused on restrictions on fish consumption
(originally due to the presence of tumors in fish) and the degradation of the benthic community as the two
major beneficial use impairments (BUIs). By creating differences in the definition of the contaminant
problem at Torch Lake, progress toward remediation was limited. Superfund moneys were spent
exclusively on capping and revegetating the sands. The AOC program witnessed little progress in
resolution of its defined problems due to lack of funding. From the view of local residents, it appeared
that, with the more visible and active work on covering stamp sands and the eventual delisting of the
Superfund site, all problems were resolved. This confusion persists today in the local population. The
difference in problem definition has enabled much of the Superfund site to be delisted despite the
persistence of two BUIs that the local residents are just now beginning to realize.

Third, from the outset, a polarization of viewpoints has existed with one party claiming that no
serious problems exist and therefore advocating for immediate delisting of the site, and a second party
advocating for more thorough investigation and remediation. These polarized parties have included
government agencies (some of whose viewpoints have switched over time) and local groups of citizens.
When Michigan Department of Natural Resources (MDNR) completed the first Torch Lake RAP in 1987,
the tug of war began between MDNR who favored elimination of the AOC site and the EPA and 1JC who
advocated more study and eventual remediation. Eventually, EPA’s progress in stamp sand remediation
led to the delisting of Torch Lake from the National Priority List and the appearance that EPA work at the
site was completed. However, upon transfer of operation and maintenance of remedial actions to the
State of Michigan, the MDEQ recognized the existence of several critical remaining problems. As a
result, since the early 2000’s MDEQ has been an advocate for continued research and remediation at
Torch Lake—a reversal of the early state position. Multiple emergency removals were conducted by
EPA’s Superfund Division after the delisting of portions of the Superfund site; these again raised
guestions in the public mind as to the safety of the site and the efficacy of the prior remediation. The

changing positions of state and federal agencies over several decades and the illogical sequence of



emergency clean-up after remediation was completed has confused the general public about the actual
state of affairs, leading to the impression that different government units are polarized in their
conclusions. From the government’s perspective, the often vitriolic public criticism of remediation efforts
or plans combined with other public calls for more thorough clean-up have left the impression that the

local public is divided and lacks a clear vision for the lake’s future.

Finally, a few conclusions reached early in the site investigation that may have been justified
based on available knowledge at the time were never re-evaluated as new knowledge and tools became
available. For instance, the enormity of the problem engendered a pessimistic attitude on the part of
government officials from the outset. It resulted in no effort to remediate the lake sediments that would
resolve the problem of degradation of the benthic community. The enormity of mining waste in the
Keweenaw Peninsula and the complexity of the pollution located at the mineral processing sites along
Torch Lake made it difficult to characterize clearly the health and environmental hazards facing the
region. Early signs of pessimism are found in AOC and Superfund documents. The 1987 RAP spoke of
the impossibility of remediating the massive amounts of stamp sands (200 million metric tons) covering
the entire lake bottom. The 1994 ROD for Superfund Operating Unit Il (the lake sediments) picked up on
this theme and used it as the reason for not evaluating alternatives for remediation. Self-recovery of the
lake through natural sedimentation processes was proposed and viewed as the only feasible option, but it
was never quantitatively evaluated. This pessimistic outlook created a force for inaction, became
embedded within the remediation plan, and allowed the EPA to claim Superfund programmatic progress
even in the absence of progress towards recovery of the ecosystem. In addition, because the
“remediation” involved no action on the part of EPA to restore the benthic (sediment) community, the
agency decided that no monitoring of the sediments for effectiveness (of inaction) is required.

Another early and erroneous conclusion was that fish contaminants were not from local sources.
This conclusion led the MDNR to advocate for removing the site from the AOC program in the early
1990s. Despite the development of analytical tools that can identify sources of PCBs, these were not
applied in Torch Lake for 15 years after they became available. Tools (stable isotope analyses) are now
available for identifying sources of mercury, but they have not yet been applied in Torch Lake. Similarly,
devices (passive samplers) widely used for over 20 years to trace the sources of contaminants have not yet
been utilized for this purpose in Torch Lake. Mass balance modeling is a tool that has been used for
identifying sources of contaminants since the 1980’s, but it was never applied by government agencies at
Torch Lake. The long duration of the remediation guarantees that knowledge and tools will evolve during

that process. At least at Torch Lake, the two remediation programs seem to have repeatedly reiterated
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decisions made early in the process rather than continuing to apply the best tools available to re-evaluate

early decisions.

The multiplicity of governmental agencies and nongovernmental groups working on Torch Lake
is potentially bewildering (Chapter 5), and without integration also can be an impediment to progress.
Federal agencies include the EPA (Superfund program, AOC program), the Agency for Toxic Substances
and Disease Registry (ATSDR) of the U.S. Dept. Health (health assessments required as part of
Superfund), the Dept. of the Interior (National Park Service), the U.S. Geological Survey (hydrologic
monitoring), and the National Oceanic and Atmospheric Administration (bathymetric mapping). State
departments include the MDNR (fish stocking and assessment, contaminant monitoring); Michigan Dept.
of Health and Human Services (contaminant monitoring, fish consumption advisories, public health
assessments for ATSDR); the State Historical Preservation Office (SHPO); and multiple offices with the
MDEQ including the Office of the Great Lakes (AOC program); the Superfund, Compliance and
Enforcement, and Program Support sections of the MDEQ Remediation and Redevelopment Division
(Superfund operation and maintenance, Part 201 compliance); and the MDEQ Water Division (Clean
Water Act requirements). Each office or agency looks at their narrow legal mandates, and there is no

requirement for integrated management at the site.

The four points discussed above and the bewildering array of government entities involved have
had a significant effect upon citizen engagement in the four-decade search for solutions at Torch Lake.
Citizen involvement has varied over time (Chapter 4). Citizens shifted from being substantially involved
in monitoring research and early government actions toward general inattention and seeming disinterest.
Local efforts, particularly in Lake Linden and Hubbell, drove the research and listing process in the 1970s
and early 1980s. The official listing of Torch Lake as a Superfund site and AOC, while encouraging
citizen engagement, seemed to dampen actual participation. The initiation of the Superfund process
(hazard ranking and remedial investigation, 1985-1992) resulted in a one-way communication system
where EPA assumed the role of educating the public on the problems present and the options for
remediation, and local residents became less active and inattentive. Release of the Record of Decision
(1992-1994) brought more interest and scrutiny to Superfund processes. Community response split into
two diverging positions: some community members called for a “No Action” decision that would remove
Superfund listing. Others called for a thorough remediation plan and more investigation. The founding
of the Public Action Council (PAC) for the AOC process (1997) marked a turning point in local
engagement, as it allowed a local citizen’s committee to work with both Superfund staff and the AOC
program at Torch Lake. For the next 15 years, the PAC would be the face of the local citizenry to the

government agencies. In this time, the PAC was actively engaged in facilitating progress of the
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Superfund remediation. The prolonged process of delisting from the Superfund program (2002-present)
that happened concurrently with the AOC program’s push for further study of the causes of the BUIs led
to confusion within the PAC and the local community as to what problems remained and what could be
done about them. As this confusion was allayed, partly through the information dissemination by the 1A
team as well as by MDEQ’s Abandoned Mining Waste Program, the PAC once again became active in
seeking to clarify what actions could be taken to solve the remaining problems. The interaction of the
PAC and the governmental agencies contained elements of mistrust and dislike of government “intrusion”
into local affairs, but also an eagerness to solve the contamination problems so that local communities

could safely develop and use their resources.

Problems that Remain at Torch Lake

Several problems with ore processing wastes still remain at Torch Lake that have not been
resolved by either the Superfund or the AOC programs. They pose risks to both human and
environmental health. There remain two Beneficial Use Impairments under the AOC listing that should
be addressed. Further, there is evidence of contamination in locations on the shoreline and in sediments

along the water’s edge that have surfaced and need remediation.

1. Fish Contamination.

Although the fish tumors reported between 1970 and 1986 have disappeared because the
causative agent likely disappeared (Chapter 6), issues of fish contamination remain in Torch Lake. The
Beneficial Use Impairment related to fish tumors under the AOC program was removed in 2007.
However, re-evaluation of evidence of high levels of mercury and PCBs in the fish prompted fish
consumption advisories in 1993 (mercury) and 1998 (PCBs) that still persist today (Chapter 7). The BUI
related to restrictions on fish consumption remains in effect today. The Superfund program never
responded to the evidence evaluated in their early risk assessment for local sources of mercury and PCBs.
This report assembles all monitoring records by EPA, MDEQ, and MDNR and discusses the history
surrounding the identification of PCBs and mercury contamination. We conclude that contrary to
MDNR assessments that argue for a decline in concentrations of PCBs and mercury in Torch Lake since
the 1980s, that in fact there is evidence of increased concentrations in Torch Lake fish. This report
provides a thorough historical comparison of fish consumption advisories in Torch Lake and its control
sites, and demonstrates that consumption advisories for both contaminants in fish have consistently been
stricter in Torch Lake than in the control sites. As a result, we argue that there is no basis at present for
removal of this BUI. In fact, mass balances for both substances point to continued local inputs of

mercury and PCBs to Torch Lake that were caused, indirectly, by mining. Archival research on industrial
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buildings and processing practices documents the sites where PCBs were used in electrical transformers.
The types of PCBs present as well as mass balance calculations clearly point to ongoing inputs of locally-
derived PCBs. Similarly, mass balance calculations suggest that mercury inputs from mine drainage,
uncovered over a decade ago by the MDEQ, may contribute significantly to the total input to Torch Lake.
Identification of these local sources is a prerequisite for clean-up and ultimate removal of the second BUI

associated with fish consumption restrictions.

2. Benthic Community.

Similarly, there is little evidence of an improvement in the condition of the benthic community,
and hence this AOC BUI still persists in the lake (Chapter 8). A surprising finding of this Integrated
Assessment was that there has been no effective monitoring of the benthic community; only four
historical benthic surveys were identified over the past 45 years, and no two visited the same sites or used
the same protocols. In contrast, the toxicity of the sediments has been thoroughly established. Toxicity
to macroinvertebrates, bacteria, fish, and zooplankton has been shown. Toxicity to fish eggs and effects
of the sediments on spawning success have not been adequately evaluated. While trends in benthic
populations have not been monitored, the combination of mapping of the extensive historical
measurements of copper in the lake sediments, recent studies showing high copper concentrations in near-
surface sediments, and the extensive toxicity testing of the lake sediments give little reason to expect

improvement in the benthic community.

An impediment to action in the AOC program has been the uncertainty regarding the source of
metals in the sediments. To what extent are metals eroding from shoreline sites, being brought in by
tributaries from the catchment, or diffusing upwards from the massive stamp sand deposits in the lake?
This project reviewed the available evidence and concluded that the sediments within the lake are the
largest source. Sediment traps placed throughout the lake clearly showed that erosion of shoreline
material was not responsible for high copper concentrations in recent sediments. Tributary monitoring,
while sporadic, does not indicate that the catchment is the major source. Sediment cores along a transect
from the eastern shore to the center of the lake showed profiles that would be created by upward
movement of metals in the sediment porewaters. The cores also revealed very slow rates of accumulation
of new sediments, and suggested that hundreds of years might be required for copper toxicity in the
sediments to be naturally attenuated. Despite this recent evidence, the EPA has dropped its requirement
for continued monitoring of sediments and benthic organisms. The sentiment expressed in the 1987

Remedial Action Plan that sediment contamination in this lake is a problem too big to remediate
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prevented any assessment of remedial alternatives. This report suggests that alternatives worth evaluating

do exist.

3. Problems outside AOC scope and never addressed by Superfund.

The Integrated Assessment (Chapter 9) provides a cursory examination of a variety of problems
that have received little attention during 35 years of remediation. Not all of these problems lie within the
purview of the AOC program, yet were never fully investigated or were ignored by the Superfund
program. They include contamination of soils, sediments, and water in and surrounding Torch Lake.

These problems include:

o Widespread soil contamination from airborne contaminants released from the humerous
industrial smokestacks;

o Deposits of metal-rich sludges such as found in 2007 at the Lake Linden beach;

e Other waste streams (coal ash, slag) and contaminants (arsenic, PAHSs) that were never
adequately characterized,

e Concentrations of several trace metals in lake water above the state’s water quality
criteria;

e Physical hazards from derelict buildings, machinery and refuse;

e Contamination in Boston Pond and Calumet Lake — the latter drains into Torch Lake and
the former is included in the larger Superfund area;

¢ An abundance of marine debris on the bottom of Torch Lake including 800 barrels, some
of which may contain industrial wastes;

e Sections of the lake at both the north and south ends that were isolated from the rest of
the lake by stamp sands such that water quality, habitat quality and aesthetics have been
impaired.
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Conclusions

The Integrated Assessment indicates that the prolonged time required
for remediation at this site has resulted from failure to consider the [
historical record, programmatic issues within government agencies,
and the inability of a local group of stakeholders to coalesce and
remain engaged in the remediation process. The Integrated
Assessment illustrates how an understanding of historical activities
can help to explain (and to predict) what wastes are present and where
they are most likely to be located. Remediation of a complex site

such as Torch Lake would benefit from an initial investigation of

historical industrial activities. Review of the remediation history at ,g g __.

this site identified several programmatic obstacles that have Figure 5. Photograph of last

hindered progress including lack of funding, too narrow definitions ~ standing steam stamp at the
remains of the Ahmeek stamp

of the problems, and failure to continue to use new tools and mill in Tamarack City. (1990)

knowledge to evaluate what could be done. While the multitude of

agencies involved at the site could have resulted in a diversity of viewpoints and options being
considered, that did not occur here in part because only one agency at a time had funding for supporting
site investigation. A clearer mandate for inter-agency cooperation and integration of effort might have
helped both to provide diversity of ideas and to promote use of new knowledge and tools. Public
engagement varied considerably over time in response to the clarity of information available, the
changing perceptions as to whether the problem was solved, and the degree to which such engagement
was promoted by the agencies. Public engagement was instrumental in drawing attention to this site
initially, but waned once government programs assumed control. The history of public engagement
suggests that involvement of a diverse group of local stakeholders could play an invaluable role in

achieving remediation and help to circumvent some of the agencies’ limitations.
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Chapter 1. Introduction

1-1. Overview

Current conditions at Torch Lake, Houghton County, Michigan, are the result of about 100 years
of copper mining, the subsequent dismantling and repurposing of mining facilities, and the most recent 35
years of remediation. While other regulatory agencies and programs have been involved, the two major
programs have been the U.S. federal Superfund program and the Area of Concern (AOC) Program
implemented under the Great Lakes Water Quality Agreement (Annex 2). Both programs have involved
local stakeholders, albeit in different manners and for different reasons. The Superfund Program views
the Torch Lake site as a successful remediation, and has largely delisted the component sites from the
program. The AOC program, in contrast, maintains that two significant impairments to human’s ability
to beneficially use the site (i.e., Beneficial Use Impairments or BUIs) remain. As will be described in
detail later, other contradictions among regulatory agencies or programs exist as well. The contradictory
conclusions of the regulatory programs that ostensibly serve to protect human welfare are but one facet of
the “wickedness” (Rittel and Webber, 1973) of the Torch Lake AOC problem.

Another facet of this wicked problem has been the weak engagement of the multiple and diverse
stakeholder groups in decision making. The history of stakeholder involvement at this site illustrates well

the inherent difficulties of representing all stakeholder voices (Gorman, 2001). Although an effort was

made initially to include representatives from diverse stakeholder groups in the AOC’s Public Action
Council (PAC), the group gradually evolved into a smaller, less representative body. In addition,
meetings became infrequent and eventually ceased. Several voices from the community, environmental
organizations, and tribal interests disappeared from the PAC, as their representatives left and were not
replaced. The EPA’s public involvement consisted mainly of public meetings to inform the public of
work proposed or already accomplished; while comments were recorded and addressed, there was little
effort made to engage the public in the decision making. The EPA’s press releases and web sites about
the delisting of the sites from the Superfund program deliberately gave the general public the impression
that the remediation had been successfully completed. Similarly, the absence of funding for this site from
the two major programs funding restoration of Great Lakes sites, the Great Lakes Restoration Initiative
(GLRI) and the Great Lakes Legacy Act (GLLA), suggested that this site either needs no further
remediation, is low on the priority list for further remediation, or has no entity spearheading remediation
efforts. As a result, many stakeholders were not aware of the unresolved problems, and had no role in the

decision-making process prior to the funding of this Integrated Assessment.
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Because of the complexity of the problems involved and the difficulty of resolving them in the
previous thirty years, in 2011 Michigan Sea Grant funded three researchers at Michigan Technological
University (MTU) to perform an Integrated Assessment of the Torch Lake Area of Concern from
2/1/2012 through 1/31/2014. The objectives of the project were: 1) to gather and to summarize existing
information regarding conditions in the AOC; 2) to communicate with stakeholders information about the
status of the site as well as stakeholders’ ideas for and visions of future conditions in the AOC; and 3) to
identify and to begin to evaluate potential remedial actions that could mitigate any remaining undesirable
conditions. A particular focus of the project was the two remaining Beneficial Use Impairments (BUIS)
of the AOC program: Degradation of the Benthos and Restrictions on Fish Consumption. A unique
feature of this project was the application of research into the industrial history to clarify the genesis of,
the specific components of, and the spatial and temporal distributions of the problems at the site. The
historical research included extensive review of materials from the MTU archives as well as interviews
with local residents with memories of the industrial activities and the post-industrial period of
reclamation. As part of the project, a series of Fact Sheets were prepared and distributed, multiple
presentations were made to local stakeholder groups, and multiple meetings between project personnel
and government agency resource managers were held, that eventually led to discussions toward formation
of a Torch Lake watershed organization. Arguably, the project has had major impacts on the trajectory
of remediation that is now being pursued at the site. This Integrated Assessment report is the final
summary of the Sea-Grant-funded project that documents the information assembled about the Torch
Lake site. The majority of this report deals with the first objective, but we briefly summarize here the
activities taken to meet the second objective. The third objective was dropped because it was too
ambitious for the timeframe and funds of this project.

The project progressed from information gathering to information dissemination and idea
exchange. Accordingly, the initial meetings were with stakeholders and knowledgeable groups (Table 1-
1) to educate the researchers about historical facts. Throughout the project, the researchers maintained
regular contact with MDEQ officials to keep informed of developments as well as to share findings.
Outreach and information dissemination activities fell into three major categories. First, presentations
were made annually at regional and international conferences to share project results with the larger
scientific and policy communities. Second, presentations were made in multiple venues (local libraries,
churches, and schools; small group meetings in multiple locations; excursions around the lake) to local
stakeholders. Third, the researchers presented results formally to agency personnel (MDEQ, EPA,
MDCH) via webinars, conference calls, and in-person meetings. In addition, fact sheets were

disseminated at multiple meetings as well as posted on the web, and a short update on the site was
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published in the Binational Forum Newsletter. In response to public interest, multiple meetings were held
towards the end of the project to examine the feasibility and utility of forming a watershed planning
council. Further details on post-project activities is found in the Time Line in Chapter 2 and in the

Epilogue.

Table 1-1. Summary of stakeholder interactions during the Torch Lake Integrated Assessment

Date Meeting/Activity | Location Attendees Summary

Information gathering

10/26/2012 Former PAC MTU Pls, former PAC | Discussed early
members member years of PAC
activity
May 2012 SPAC Houghton Lake N.Urban
Oct. 2012 Kalamazoo, Ml J. Perlinger
Sept. 11-12, GL Restoration Cleveland SPAC members
2012 Conference from multiple
states, C.
MacLennan
Dec. 7, 2012 Historic preserva- | MTU Pls, KNHP staff Discussed KNHP
tion stakeholders activities, sites of
interest on Torch
Lake
Dec. 12, 2012 Former MDEQ Houghton Pls, former Discussed recent
staff MDEQ Superfund | history, current
staff priorities for
MDEQ

Information and Idea Exchange

1/31/13 Conference call PAC, MDEQ,
MDCH, EPA, 1A
Pl
May 9, 2013 MDEQ Superfund | MTU Pls, R. Delaney — | Discussed ongoing
staff MDEQ Superfund | activities, MDEQ
needs
Aug. 16, 2013 Agency update Webinar Personnel from Pls provided update

EPA, MDEQ and | on PCB modeling
MI Sea Grant, Pls
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Date Meeting/Activity | Location Attendees Summary
Aug. 28, 2013 Local MTU Pls and Pls provided
environmental Representatives update; discussed
stakeholders from FOLK, visions for lake,
HKCD, KBIC, paths for sustained
KLT, TU improvements
Sept. 23, 2013 PAC, MDEQ MTU Pls, PAC, MDEQ | Discussed PCB
Division Head work
Oct. 29, 2013 MDEQ MTU Pls, MDEQ Discussed PCB
personnel sources
Outreach/Information Dissemination
2013 MDCH Public Lake Linden MDCH, MDEQ,
Meeting High School IA Pls, public
6/2013 IAGLR Purdue Univ. Pls, grad students, | 3 presentations
) EPA personnel )
6/2014 McMaster Univ. 3 presentations
6/2015 Univ. Vermont 1 presentation
6/2013 Society for Minneapolis E. Schwaiger 1 presentation
Industrial
Archaeology
Summers of Ride the Waves Torch Lake and School and Outreach program
2013 through shoreline community funded by GM to
2016 groups (~200 educate school
participants) children on water-
related science
Oct. 1, 2013 HS boat outing on | R/V Agassiz on Lake Linden High | Demonstrated
TL Torch Lake School Biology impacts of mining
class on lake
10/13/2013 UU Mining forum | Unitarian Public, UU 1 presentation
Universalist members, 1A Pls
church
4/15/2014 Library talks Lake Linden Lib. | Public Pl presentation to
public of outcome
4/22/2014 Houghton Library | Public

of 1A project

Sept. 15, 2014

4" Thursday in
History

KNHP, Lake
Lindent

C. MacLennan,
public

Presentation on
mining legacy of
Torch Lake
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Date Meeting/Activity | Location Attendees Summary
May 26, 2015 Watershed MTU C MacLennan, presentation on 1A
planning HKCD-led work
watershed plan-
ning participants
July 22, 2015 Geo-Heritage Torch Lake, Gay | N. Urban, public | Presentation on
Tour stamp sands history of mining
July 30, 2015 C. MacLennan, operations
public
C. MacLennan,
Jan. 19, 2016 Natural History Carnegie C. MacLennan, Legacy of mining at
Lecture Series Museum public Torch Lake
Feb. 10, 2016 HKCD public Lake Linden Pls, public, Session to inform
information High School MDEQ public of status of
session Torch L.

The authors of this report perceived a great desire for information on the part of the local
citizenry. Public meetings organized by the authors were generally well attended (15-50 people). Torch
Lake became a Superfund site in the years when EPA’s approach toward public engagement was largely a
one-directional information flow. As documented in Chapter 3, the Public Action Council formed
through the AOC program did not encompass all stakeholders nor see their role to be one of informing the
public. The Integrated Assessment project provided a means of enhancing information exchange that had

not existed previously.

In addition to the information exchange documented in Table 1-1, the Pls also used written fora
to disseminate information about Torch Lake to local and regional stakeholders. The Pls provided
updates on the status of work at Torch Lake that appeared in newsletters of the Binational Forum (June
2013) and the Keweenaw Bay Indian Community Natural Resources Department (Fall 2013). Fact sheets

were created, disseminated at public meetings, and posted on the project web site.

The remainder of the report is organized in a chronological fashion. Chapter 2 describes the
industrial period at Torch Lake (1840-1970) that gave rise to many of the problems. Shaping the waste
streams and driving the pollution around the lake were the copper processing technologies developed in
response to metal market conditions (1880-1920) and the repurposing of the industry in response to
decline of the district (1930-1970). This chapter seeks to link the industrial activities with the waste

streams produced and summarizes whatever information was found regarding the disposal of those waste
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streams. Chapter 3 details the “reclamation period” (1970 to present). This chapter provides important
insights into why the problems were not resolved in the 45-years following the cessation of the mining
activities. Chapter 4 summarizes the roles of all of the government agencies involved at the site. Chapter
5 discusses the extent and nature of citizen engagement at the site.  The next three chapters summarize
the status of each of the original BUIs of the AOC program. Each chapter reviews the historical actions
taken to understand and to resolve the problems; each chapter summarizes the current status of the use
impairments. Finally, Chapter 9 provides a brief discussion of some of the other environmental issues
that were not included in the AOC problem definition and provides the authors’ recommendations for
future priorities. A brief Epilogue was added because of the high rate of activity at the site since the

official ending of this project (12/31/2014); the Epilogue highlights important recent developments.

1-2. Approaches to the Problems at Torch Lake

One insight that came from this project was the importance of the “problem definition” to the subsequent
trajectory of “reclamation” activities. An incomplete problem definition necessarily leads to incomplete
remediation. Neither the dismantling of industrial facilities nor remediation at Torch Lake has been
completed in the sense that derelict facilities, physical and chemical hazards, and environmental

degradation still persist (MDCH, 2013b, 2014c). These remaining problems were a result of the fact that

none of the remediation programs operating at Torch Lake, singly or in combination, represented
comprehensive solutions to the “problem”. Each focused on a small portion of all of the types or
locations of contamination, a portion of the environmental or use impairments, or a portion of the hazards
present around the lake. The Superfund (SF) program focused all remediation actions on capping of the
above-water stamp sand piles in order to reduce air entrainment of metal-rich dusts and, secondarily, to
reduce metal inputs into the lake. The U.S. Environmental Protection Agency’s (EPA’s) Emergency
Removal program has, on multiple occasions removed highly contaminated soil and sediment that posed
an imminent threat to human health; they did not, however, systematically look for locations of such
contamination with the exception of the 2007 Weston survey (U.S.EPA, 2007b). The Area of Concern

(AOC) program at this site focused exclusively on the impaired uses of resources within the lake;
contamination on the shoreline is considered if it contributes to impairment of the use of resources within
the lake. The limited scope of remediation results, in part, from the specific legal mandates of each
program and agency. This Integrated Assessment (1A) seeks to be comprehensive, but it also restricts
itself to problems resulting from mining activities within the watershed of Torch Lake (TL). Therefore,
this A will not address problems related to mining but located outside of the TL watershed even if those

locations were included within the TL SF site.
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Even once the scope of the assessment is defined, there are multiple ways in which problems may
be defined and categorized. Problems could be categorized according to type of waste, source of waste,
geographic location, relative risk, pathway of exposure, environmental medium, or other attributes of the
site and its wastes. Following a ranking of risks in terms of hazard and exposure pathway, the EPA-run
Superfund remediation of Torch Lake ultimately categorized the problem within a limited environmental
setting that encompassed only some mining sites. After a preliminary investigation, EPA identified three
Operable Units that were defined by their geographic setting (lake shore tailing/stamp sand piles, lake
bottoms, and stamp sand piles not adjacent to Torch Lake). This classification facilitated remediation of
each Operable Unit; all parts of a unit were treated identically, and each unit was delisted separately (or in
subsections) once work on that unit was completed. However, the hazards considered by the EPA were
not comprehensive; industrial chemicals used on site, plumes of air contaminants, and concentrated
wastes generated by specific industrial facilities were not adequately measured and consequently their
risk also was inadequately assessed. Omission of those hazards led to a greatly restricted land area being

included within the Superfund site.

The AOC Program defined the problem in terms of Beneficial Use Impairments. To be
considered in the AOC program, use impairments must occur in the waterway; the watershed is
considered only to the extent that contaminants causing BUIs may originate in the watershed. The
location at which a use-impairment is experienced may be different than the location of the cause of the
use impairment, and the timescale for recovery of a use-impairment may be different than the timescale

for treatment of the cause of impairment.

This IA will use a variety of methods to describe and to categorize problems in the TL watershed.
We use historical research to understand what wastes were generated by the mining industry, where they
were generated, where they were discarded, and the timeline for generation and disposal (Chapter 2). A
historical policy analysis of government involvement at TL highlights agency perceptions and responses,
emphasizing that problem definition and remediation solutions reflect the mandates and current state of
research of government programs (Chapter 3). Chapters 4, 5 and 6 attempt to show the policy decisions in

the context of the scientific knowledge at the time as well as the current scientific understanding.

It is also useful to summarize the problems in terms of environmental media. People encounter
contamination by mining-related chemicals either from air, soils, lake water, or from fish. This
categorization clarifies routes of exposure and facilitates calculation of total exposure and risk of health
effects. Regulatory mandates of agencies are often specific to a single environmental medium. Table 1-2

summarizes the wastes discussed in detail in Chapter 2 and indicates the environmental media affected by
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each waste. This table is similar to Table 2-1 in the Final Ecological Assessment, but there are many
omissions from that table. Those oversights are, in part, why so many surprises happened during the

remediation years.

1-3. Hazards to people at Torch Lake

Many misperceptions persist about the hazards present at Torch Lake. Some people believe many more
hazards exist than those covered in this report, while others will claim that few if any significant hazards
to people are present in or around the lake. Many of the issues discussed in this report are not imminent
hazards to people. A goal of this report has been to discuss as many issues as possible, including some
that have not been widely discussed in the past. This report does not seek to quantify or to rank the risks
associated with the problems that are discussed. Risk depends, in part, on the values of the people
involved; by laying all of the issues on the table, we hope that concerned citizens may, in the future, rank
these issues according to their priorities. Nonetheless, we do want to point here to two of the known

health risks that exist around the lake. These include:

e Fish consumption — the Michigan Department of Health and Human Services (formerly, Dept.
of Community Health) has issued Fish Consumption Advisories for some of the fish in Torch
Lake because contaminants in the fish are at high enough concentrations to pose a risk of

adverse health effects.

e Exposure to metals and other toxic substances in the soil around the lake — This study presents
maps showing the locations where substances had been measured prior to 2015 at concentrations
above the Direct Contact Criteria adopted by the State of Michigan. These sites are largely
adjacent to former industrial buildings; more extensive characterization of these sites was
performed by MDEQ in 2015-2017. However, extensive soil testing has never been conducted
in the town or in residential areas downwind of historical industrial sites, and no data exist to

prove or disprove the safety of those soils for residential development.
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Table 1-2. Summary of chemical hazards identified in and around Torch Lake.

Environmental | Hazard Source of waste
medium
affected
Air Copper, lead, Wind entrainment of fine-grained mine tailings — largely
chromium, arsenic, | mitigated by capping of stamp sands
mercury
Asbestos Wind-entrainment from industrial sites
PCBs, mercury, Emissions from distant sources, local burning of electrical
lead, PAHs wastes, stack emissions
Soil Copper, lead, Smelting (slag), Milling (stamp sands, tailings), Extraction
chromium, arsenic, | (spent leachate, sludges), stack emissions
mercury
Asbestos Industrial refuse
PCBs Disposal of insulating and lubricating oils primarily from
electrical generation and distribution
PAHs Stack emissions, coal dust and ash
Water Copper, lead, River inputs, mine tailings in lake, groundwater flow through
chromium, arsenic, | stamp sand piles
mercury
PCBs Disposal of waste oils, migration from contaminated soils
PAHs Stack emissions, coal tar creosotes used in flotation, coal ash
Fish PCBs Bioaccumulation from contaminated lake water and
sediments
Mercury Bioaccumulation from water; mercury enters lake from
abandoned mines, from mobilization of atmospherically
deposited mercury in the watershed. Atmospherically
deposited mercury originates both from distant sources and
from local emissions during mining period.
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Chapter 2. Industrialization of Torch Lake — a History

The industrial history of Torch Lake reveals information vital to the resolution of the
contamination in the lake and on shore from copper processing. For over one hundred years, between
1860 and 1970, the western shoreline was an industrial district reminiscent of the large manufacturing
districts of its era. It was densely populated with stamp mills that ground copper-bearing rock from
the mines, the most modern steam and electrical power systems of its time, a continuously operating
smelter, and three large, complex facilities that reclaimed copper from stamp sands and scrap material

through chemical processing.

The evolution of industrialization on a lake once the domain of an Ojibwe fishing culture
brought significant changes to the waters and sediments, the air above, and the soils and vegetation of
Torch Lake. Pollution occurred in many forms and these waste products changed over the life of the
district, with consequences for both human and environmental health. As the C&H and Quincy
Mining Companies adopted improved technologies, processes changed and so did their waste streams
and the impact upon the lake environment. After an introduction to the pre-mining era, this chapter
discusses the specific industrial activities (milling, smelting, reclamation, power production), how
they changed over time, and the specific waste produced at each stage. Knowing this history makes
identification of specific hazards and their locations possible.

2-1. Early Human Use and Settlement of Torch Lake Region

Torch Lake, once a remote lake produced by the receding Wisconsin glaciers nearly ten
thousand years ago, has a long history of human use. From early archaic Eastern Woodland Culture
communities until the initiation of industrial copper mining of the late 1800s, Torch Lake experienced
relatively limited human impact. Archaic and then Ojibwe migrations into the Lake Superior basin
surely crossed through the Keweenaw Peninsula, some exploiting the native copper deposits located
there. Ojibwe settlements at the foot of Keweenaw Bay kept summer camps and gardens located along
Portage Lake near today’s towns of Houghton and Hancock. Along with the rich blueberry landscape
at Rice Lake and the Torch Lake and Portage Lake fisheries, this region was an important resource

base during summers.

With arrival of Europeans in the 1600s into the Great Lakes region and the developing fur trade
that depended upon Ojibwe trappers, the first significant consequences of human environmental actions

were registered by the depletion of beaver populations throughout all the major waterways. However,
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the advent of European mining practice in the 1840s swept the Keweenaw Peninsula into the North
American industrial age with even more significant environmental consequences in its wake. By the
1880s the Lake Superior copper mining district was an industrial zone. The epicenter of mineral
processing in the Keweenaw between 1880 and 1960 was Torch Lake, and to a lesser extent, Portage
Lake and the shores of Lake Superior. As a result, the human footprint on the region changed

dramatically.

Archaic Indian and Ojibwe impacts on the surrounding Torch Lake were limited primarily to
the effects of fishing, hunting game, and the fires associated with blueberry gathering. Europeans
(French and British) traders encouraged collection of beaver pelts, causing eventual depletion of the
population in the region and the attendant effects on surface waters as beaver dams and diversions

declined.

This changed in the 1830s and 1840s with the travel of American explorers and geologists
through the Keweenaw district and their notice of copper deposits. At a time in US history when
copper was becoming an important metal for brass products in a nascent industrial New England
district, the Keweenaw came to the attention of the US government who envisioned the acquisition
of a strategic American mining district. Early mining settlements appeared in the 1840s with the
CIliff Mine near Eagle Harbor as the most notable. Predating the more intensive industrial mining era,
operations such as those at Cliff and other smaller facilities in the upper part of the Keweenaw
Peninsula experimented with technologies for stamping the rock extracted from mines and then
shipped their products off to smelters on the southern Great Lakes for processing. These mills,
relying on the damming of inland streams for “mill ponds” deposited coarse-grained tailings (known
as stamp sands) in the vicinity of the mills along streams and rivers. Evidence of these deposits that

occurred up into the 1870s on inland sites throughout the Keweenaw, remains today.

Before the 1860s, Torch Lake—its waters and shorelines—remained relatively free of mine
operations. The first two mills appeared in the 1860s and 70s in Lake Linden—Hecla and Calumet.
Soon thereafter, the Torch Lake Canal Co. (owned by C&H) dredged the canal connecting Torch and
Portage Lakes. The 1880s brought new mills in Hubbell (Tamarack) and Mason (Quincy #1). By
1910 the western shore was populated with eight mills. Thus began the rapid industrialization of Torch
Lake between Lake Linden and Mason. In all, by 1970 there had been a series of eight mills, one

smelter, a major power house, three reclamation facilities, two coal handling docks, and a series of
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support buildings in operation at various times.* All used Torch Lake as a waste disposal site.

A short summary of mining, milling, smelting, and reclamation practice is helpful at this
point. For more details on the following summary, the reader is referred to Benedict (1955), Lankton
(1982), Laberge (1994), and Bornhorst and Rose (1994). Throughout much of the Keweenaw
Peninsula, copper was found in its elemental (hative) form and occurred as large masses (these were
called float, mass or barrel copper and represented only ~2% of mined copper) deposited in veins or
fissures in the rock, as small (few millimeters to ~one centimeter) globules filling holes left by gas
bubbles in the basalt (amygdaloidal basalt, ~60% of mined copper), or as fine particles among the
cementing matrix of the sedimentary conglomerate rock (~40% of mined copper). The basalt and
conglomerate rock contained the majority of the copper, and occurred in alternating layers in the rock
strata known as the Portage Lake Volcanics. Copper in the basalt and conglomerate ore was termed
“stamp copper” because the ore had to be crushed (stamped) to liberate the copper particles. Ore was
mined in underground mines, the deepest reaching to 9,000 feet below ground level. The material
brought out of the mines to the surface “rock houses” was ground (mechanically after 1873) and
separated into “poor rock” (rock with too little copper to warrant further processing) and ore (on
average, 2% copper content). Torch Lake was a combined milling, smelting, reclamation, and power
generation site for both Quincy and Calumet & Hecla (C&H) Mining Companies. Narrow-gauged
railroads transported the ore from the rock houses to milling facilities (stamp mills) along the lake
where steam stamps crushed the ore to particles ranging from tenths to several tens of millimeters in
size. These particles were entrained in a flow of water (often containing surfactants or flotation
agents) over devices including buddles, jigs, and Wilfley tables to separate the tailings (stamp sands)
from the heavier, copper-rich particles.

The metal enriched material (20-30% copper) was typically sent to smelters to be refined,
while the stamp sands were loaded onto launder lines and dumped on the ground, in streams, in lakes
or on the shore and in coastal waters of Lake Superior. The smelters, heated with coal, melted the
enriched ore and removed impurities from refined copper. In the earlier and simpler reverberatory
smelters, melting and refining were done in the same unit. Later (~1920), the two processes were

performed in separate units. The refined copper was ladled or poured into molds that, upon cooling,

! Research by MacLennan for MDEQ in 2014-2015 documents forty-nine major mining facilities along the
western Torch Lake shoreline between 1860 and 1970. Thirty-six were tied to C&H Mining Co. processing.
Thirteen belonged to Quincy Mining Co (MacLennan, C., Baeten, J., Pelto, B., Schneider, D., Schwaiger, E.,
2014. Historical Archive Research & Mapping at Torch Lake. Phase 1, 2, and 3 Reports, prepared for Michigan
Department of Environmental Quality, Abandoned Mining Waste Program.)
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yielded ingots, cakes or wire bars of pure copper. The waste molten rock from the smelter was cooled

(either in air or water) to yield slag which was dumped in lakes or on the ground.

After 1910, C&H and Quincy incorporated the dredging of old tailings from the lake and
processing them in reclamation facilities. Reclamation consisted of regrinding in ball mills and
recovery of copper from the resultant fine powder either through ammonia leaching to produce copper
chemicals or through flotation in large tanks with frothing agents including xanthates. The copper-rich
material from the flotation tanks was sent to the smelter for refining. During and after World War 1,
the reclamation facilities were used not only for reprocessing of stamp sands, but also for recycling
copper from previously manufactured goods (munitions, wire, other metal goods). The use of large
volumes of water was critical to all milling practice; the water was required for steam generation,
gravity separation processes, and transporting the ore and tailings. Torch Lake was home to the
longest continually running smelter of the four located in the Keweenaw. Finally, the Torch Lake
district hosted a large power facility that provided electricity to all of C&H and Quincy facilities on
the lake after 1940.

2-2. Stamp Mills and Stamp Sands

The volume of stamp sands produced by mills along Torch Lake—often stated incorrectly to
fill 20% of the volume of the lake—began the evolution of significant environmental impact upon its

water, sediments, and shoreline soils as well as its aquatic and human communities.?

Hecla Mining Co. and Calumet Mining Co. (later combined to become C&H Mining Co.) and
Quincy Mining Co. built the first industrial-sized mills at Torch Lake in order to overcome the
problems with processing rock posed by their earlier and smaller mills. The attraction was two-fold: an
ample water supply for milling mined rock and permission by the US government to deposit waste rock

in the lake. Their activities led to the first significant environmental impact from mining at Torch Lake.

Like many of the early copper mines, Calumet Mining Co. had an early mill in Calumet that was
constrained by limited water from streams for its processing. The inland mills of early companies
operated by creating millponds from dammed streams, often with limited water supplies in dry

periods. Quincy Mining Co. (as well as Pewabic and Franklin mining companies) located their early

2 Some references as to 20% of the stamp sand fill in Torch Lake are misleading, and refer to the volume filled in
since 1940. The value of 50% is given by Donohue and Associates after their thorough mapping of the lake for
EPA.
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mills on Portage Lake near the town of Hancock. Their stamp sand waste prompted the US
government to encourage these companies to relocate their mills where they would not encroach upon
the navigable Keweenaw Waterway. As a result, Quincy built its first of two mills at the south end of
Torch Lake in 1888-1890. A second mill followed nearby in 1898-1900.

By 1910, a total of eight mills were operating along the six-mile shoreline. Each mill
deposited all of its tailings into nearby Torch Lake creating large fans of stamp sands spreading out
into the lake in imperfect semi-circles that continued to grow until each mill ceased operation. Mills
clustered around the towns of Lake Linden (Calumet and Hecla Mills), Tamarack City (Ahmeek,
Tamarack, Lake #2, and Osceola Mills), and Mason (Quincy #1 and #2 Mills) used Torch Lake as a
waste disposal site for tailings laden with copper and other metals. Because of the limited recovery of
copper utilizing the earlier mill technologies, some of the earliest deposits of sands were quite rich in

copper minerals.
From north to south, Table 2-1 provides a list of mills, their location and period of operation.

Table 2-1. Mills on Torch Lake, 1860-1968.

Mill Dates of Operation Location
Calumet 1860s-1944 Lake Linden
Hecla 1870s-1921 Lake Linden
Ahmeek 1909-1969 Tamarack City
Tamarack 1887-1919 Tamarack City
Lake Mill #2 (originally 1898-1930 Tamarack City
Tamarack #2)
Osceola 1899-1921 Tamarack City
Quincy #2 1900-1921 Mason
Quincy #1 1889-1945 Mason

The mills built between 1870 and 1910 reflected the expansion of the copper industry in scale
and location throughout the US which resulted from the electrification of industry and cities. This was
an important growth and consolidation period for Michigan copper. Yet, it also was a period of intense
competition in the copper market with new districts and mines opening in the American West. Once an
important component of brass products, copper soon found a market in wire used for an increasing

demand for electricity. The smaller mines and mills would not suffice in an economy that required
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increased production of copper. Torch Lake (as well as Portage Lake and Lake Superior) afforded
locations that provided an unlimited supply of water for milling and a convenient location for dumping
increasingly large volumes of tailings. This was also the era in which the Michigan copper district, the
dominant producer before 1880, bore the effects of the rise of the Montana and Arizona copper
producing districts. C&H was the dominant firm in the Lake Superior region, but it gradually lost its
role to Montana’s Anaconda production. By 1885, Montana equaled Michigan’s production, and by
1887 it became the dominant producer — a position it held well into the twentieth century (Hyde,
1998).

Stamp sand production was considerable. The mills developed a system of movable launders
to transport the sands into the lake. When one area filled up, an adjacent area further from shore
became the new deposit area. Mining companies mapped their stamp sand deposits, showing the year
of deposits as they expanded in rough concentric-like half circles into the lake. Because the mined
rock was either conglomerate or amygdaloid, the character of the sands was somewhat different. This
mattered more at a later point when C&H and then Quincy decided to reprocess the sands to recover
the considerable copper still remaining. During the early years of reclamation, conglomerate sands
were processed first because of their higher copper content and ease in processing. From the late
1910s until the 1950s, sands were reclaimed, processed, and then returned in a new, finer form to
Torch Lake (to be discussed in detail under section on reclamation). C&H’s stamp sands were from
conglomerate rock; Quincy sands were from amygdaloid. Sands deposited around Tamarack City

contained both types.
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Figure 2-1. Osceola, Tamarack, Ahmeek Sand Bank. Source: Michigan Tech Archives, C&H Collection,
Maps and Blueprints.

Usually called stamp sands rather than the more common term “tailings” used in western
copper districts, the earliest deposits were fairly course from the more primitive mill technologies
common in the 19" century. Assays of the sands by the companies revealed a varied copper content,

depending upon the source. Also present in small amounts in the sands were other heavy metals,
including arsenic.

2-3. Smelting Milled Copper and its Byproducts

Early copper smelting in the Keweenaw was rudimentary, done at small custom smelters, that
were replaced by shipment of copper ore to eastern smelters in Boston and Baltimore where Atlantic
sulfate copper ores were refined. Unhappy with the copper product, Connecticut brass and copper
rolling manufacturers established a smelter in Detroit in 1850 (Waterbury and Detroit smelter) where
Michigan’s native copper concentrates from the stamp mills were shipped in barrels. In 1860 a similar
plant was built in Hancock (Portage Lake Mining Company). Each had one reverberatory furnace and

cupola to melt the copper and refine it. The opening of the Sault Sainte Marie canal in 1855 and the
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dredging of sandbars at the mouth of Portage River in 1860 enabled use of deep-water vessels for
regular shipping. C&H smelted its copper at the Portage Lake smelter until it built its own in 1886 on
Torch Lake near its stamp mills. C&H followed the Hubbell smelter with another smelter in Buffalo,
NY, which ran cheaply using waterpower from Niagara Falls. Tamarack and Osceola Mining
Companies built a third smelter in 1888 at Dollar Bay. All had similar technologies, consisting of four

reverberatory furnaces in each corner of the building (Conant, 1931).

The 1890s brought improvements in copper smelting. First at C&H’s Buffalo plant, an
electrolytic facility purified the copper obtained from the reverberatory slag and recovered silver in
“paying quantities.” The cathode product and the richer grades of concentrates from the mills were
combined to create a higher grade of copper product with higher electrical conductivity. When C&H
closed the Buffalo smelter in 1914, it opened an electrolytic plant at the Hubbell smelter. At the Dollar
Bay smelter, new furnaces were designed where the melted copper flowed into refining furnaces by
gravity, and then into molds. In 1905 the Dollar Bay smelter began the practice of using sodium
carbonate and lime to lower the arsenic content and raise electrical conductivity of copper. In 1914,
C&H began the use of pulverized coal as a fuel in the reverberatory furnaces. It built a coal
pulverization plant next to the smelter and not far from the C&H coal handling dock at Hubbell.
During this period of transition to more efficient smelting, several mining companies built the

Michigan Smelter on Portage Lake near Coles’ Creek.

Copper smelters in this district processed more than just ore from the many underground
mines (native copper). They also retrieved copper from stamp sands deposited into Torch Lake and
from scrap materials imported by rail. Stamp sand processing commenced in the late 1910s. Recovery
of copper from scrap began in the 1930s and intensified during World War 1. Only C&H’s Hubbell

and Quincy’s Ripley smelters refined copper from dredged stamp sands and scrap.

Table 2-2. Copper Smelters on Portage and Torch Lakes.

Smelter Dates of Operation Location
Portage Lake Smelter (became 1860-1887 Hancock
Detroit Smelter in 1867)
Dollar Bay Smelter 1888-1919 Dollar Bay
C&H Hubbell Smelter 1887-1967 Hubbell
Quincy Smelter 1898-1970 Ripley
Michigan Smelter 1903-1952 Portage Lake
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The C&H Hubbell smelter ran continuously for eighty years—the longest running smelter in the
copper district. As it expanded and developed new technologies and processed new materials, its
byproducts were distributed into the nearby environment, primarily Torch Lake. Each of the byproducts

and pollutants deserve a separate discussion detailing its historical production and disposal.
2-3a. Slag

Slag is both part of the production process and a byproduct to be disposed of once refining is
complete. The melting furnaces in a smelter produce both molten copper (sinking to the bottom) and a

“slag” of impurities that also include some copper that rises to the surface.

Step Four: Skimming melhied fock is sidmmod off

mselled rock
melted copper

Figure 2-2. Smelter Reverberatory Furnace — Melted Copper and Slag. (Source: Copper Country
Explorer. (http://www.coppercountryexplorer.com/2009/11/smelter-tech-the-reverberatory-
furnace/)

Smelter operations have typically removed the slag and disposed of it as waste. However,
recognizing the high copper content in slag, copper smelters developed a means to collect the more
copper-rich slags and send them through the melting process again to recover the metal. C&H was

doing this as early as 1929:

“At the Calumet and Hecla smelter, slag from the “rough” furnaces now is being reground
and treated by flotation for copper. A considerable saving will result, but the percentage of
copper is not enough to warrant reclaiming metal from the old slag which was dumped into
Torch Lake.” (Engineering-&-Mining-Journal, 1930)
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After that time, some of the skimmed slag was allowed to harden in specially designed rail cars for
transporting slag (with sides that opened), and then stored for future processing. Later, in the 1930s,

C&H utilized a pumping system to pump “refining slag” to the mineral building for re-smelting.

Prior to this time “waste” slag (which was all of the slag byproduct) was automatically
dumped into the lake as it was produced, or after storage near the coal dock under a cover during the
coldest winter months when the lake was frozen. C&H gradually developed improved slag disposal
systems. When the smelter produced increased volumes of slag in the 1920s with the installation of
“jumbo” furnaces and other improvements, it developed a rail car system utilizing a number of

specifically designed cars to collect and then dump the slag into the lake.

“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.” (C&H-Mining-Company, 1945)
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Figure 2-3. C&H Hubbell Smelter Yard Buildings. Google Map with Building Sites (Prepared by Emma
Schwaiger, 17 September 2014)
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From oral history interviews and evidence of slag deposits south of the smelter building, it can be
assumed that most of the C&H smelter waste slag was dumped into Torch Lake in the vicinity of
the smelter building and today’s Hubbell beach.

Another improvement in slag waste was “granulating”. This is a process by which water is
added to hot slag, which then shatters into small glass-like shards. Today granulated slags are used in
products such as abrasives. C&H and other companies at the time granulated slag primarily to make
disposal easier. The use of pumps in the 1940s separated refinery rich slag from waste slag. The

granulated slag waste was then pumped into Torch Lake:

“We are at present pumping granulated slag from No. 20 furnace at the rate of from 60 to 80
tons per day, most of which is drawn off in the course of a very few hours. We estimate that
we may take off as much as 20 tons an hour at some times. This is pumped to the lake with a

6” pump and an 8” pump in series.” (C&H-Mining-Company, 1944)

Improvements in retrieving copper from slags continued into the late 1940s. Refined slags
that had been used for low-grade copper products improved to the extent that they could be used in
high quality commercial shapes. A soda-ash process improved arsenic removal along with the
development of an arsenic-leaching process for the removal of this metal from rich soda slags (C&H-
News-and-Views, 1949).

“Never before has copper from a slag charge been refined to the purity required for direct
casting into commercial shapes. ... The high cost of handling, storing, re-melting and

recasting the low grade ingots will be eliminated.” (Engineering-&-Mining-Journal, 1949,

p10)

Production and disposal of slag was considerable over the 80-year life of the smelter. By the
1950s C&H made slag, its content and handling, and disposal an object of study—all in the name of
achieving efficiencies of cost, as well as a source of material for new markets. The company
investigated slags for building materials, use in mineral wool industries, and use with asbestos for
insulation. In an effort to determine if waste slag could be marketed, C&H’s Director of Sales
reported in 1950 to a potential buyer that current production of slag waste amounted to 1500 to 1700
tons per month and contained silicon oxide, aluminum oxide, iron oxide, calcium oxide, magnesium

oxide, copper and nickel. The current disposal (1950) process was described:

“The fluid slag is granulated in water, trammeled to remove brick and chunks, which

produced a product passing through a % inch mesh screen. That material [is]...loaded into
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gondola cars” on a line that carries the product into the lake.” (C&H-Mining-Company, 1950)

By the end of the decade, C&H had abandoned the marketing of its slags and returned to dumping

them in the lake.

When Universal Oil Products (UOP) — C&H’s new owner — closed the smelter in 1968, the
guantity of slag piles was measured. Calculation at the time recorded 7,500,000 cu. ft. of granulated
slag and 9,600,000 cu. ft. of solid slag. A factor of 20 cu. ft. per ton was used for the granulated slag
and 12 cu. ft. per ton for the solid slag. “It must be realized, however, that most of the slag lied under

water and the exact measurements are impossible to determine” (C&H-Mining-Company, 1968-76).

2-3b. Other smelter waste

Waste products other than slag from the smelter included coal ash (distinguished by bottom
and fly ash), smelter bricks (that were changed regularly), and miscellaneous waste materials from the

stamp mills that were brought to the smelter.

Disposal of mill waste: In 1957, C&H reported “all waste materials produced in grinding,
jigging, and tabling [from the mills] flow into Torch Lake. Consequently, no additional handling costs

are incurred for disposal” (C&H-Mining-Company, 1957).

Coal ash: The smelter produced a considerable quantity of coal ash from burning and
pulverizing coal. Initially, stamp mills were supplied with wood for boilers. These were eventually run
with coal and also supplemented with electricity from the C&H power plant in Lake Linden. Coal was
also used to run the smelter furnaces. The bottom ash residue collected from burning coal was collected
by the company and likely deposited in the lake. It contained heavy metals and PAHSs (polycyclic
aromatic hydrocarbons). Late in its history, C&H investigated the potential of reclaiming the metals

from coal ash—particularly copper.

A brief history of coal use and disposal of ash shows that a large portion of the ash was
produced at the smelter and the power plant. The first coal pulverization plant was built adjacent to the
smelter in the early 1920s, equipped with conveyors that fed the pulverized coal into the smelter
furnaces. Pulverization had proven elsewhere to dramatically increase the efficiency of initial melting
of copper. In addition, about 25-30% savings accrued from lower fuel consumption (Engineering-&-
Mining-Journal, 1924b). In 1947 C&H built a new coal pulverization plant and scrapped the old one.

The new plant had a capacity of “11 tons of coal per hour ground to 80 — 85% through a 200 mesh

screen” and combined drying and milling of the coal at one time. The older unit, installed in 1924, had
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pulverized 426,000 tons of coal before it was decommissioned. In 1954 C&H began to investigate
profitability of coal ash stored at the smelter. It found that after being put through a gravity
concentrator roughly 70% of the copper content is retained. However it proved to be more efficient to
use the ash in the fertilizer of C&H’s Lake Chemical Co. than to purify it and extract copper (C&H-
Mining-Company, 1954). As late as 1967, C&H noted in a document that it was still practicing a direct

disposal of coal ash from the Ahmeek mill into Torch Lake (C&H-Mining-Company, 1967). It also

illustrates that coal ash deposits came not only from the smelter furnaces, but also from the boiler

houses of the mill.

Copper scrap: Scrap copper imported by rail into the C&H smelter yard became another
source of mining waste entering into the Torch Lake waters and shoreline soils. As copper deposits
from the mines yielded poorer quantities of metal, and the two reclamation plants ran out of high-
copper-content stamp sands to reprocess, the company relied more heavily upon scrap products for its
smelter. World War 11 was a boon period for reprocessing scrap. With a subsidized price of copper and
encouragement from the Metals Reserve Company to recycle copper materials, the balance tipped
toward secondary copper production. This continued into the 1960s, even though the financial return

for leaching and smelting copper from scrap declined.

Early scrap material arrived at C&H in the 1930s and processing was relatively simple. High
purity copper went directly to the smelter, and clean clad copper was first leached using ammonia to
remove brass and copper from steel. By the end of World War Il, C&H had established a separate
department for secondary copper and developed methods for copper removal from more difficult and

less clean scrap.

“Typical of this class of materials that is now being processed in large tonnage by the Secondary
Department is Navy degaussing cable which was used on merchant and naval vessels during the

war to protect them from magnetic mines.” (C&H-News-and-Views, 1947, p4)

These cables were clad in bronze, aluminum, and rubber that also had scrap value. Some cable was
woven under a lead sheathing that was passed through a stripping machine and then collected for sale.
Any scrap with lead solder that could not be cut off was melted and passed through a sweating
furnace and cast into pigs for sale. C&H also processed telephone communication cable, copper pipe,
copper, brass and bronze turnings and shavings from munitions plants; small automobile, refrigerator,
and vacuum cleaner motors; generators, transformers, and busbars (Engineering-&-Mining-Journal,
1945).
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The volume of material C&H processed is reflected in an editorial from the October 1945
Engineering and Mining Journal. Nearly 100 individuals were employed in the Secondary Copper
Department, which at its peak had in its yard 30 acres of scrap (half from the armed forces). The
leaching tanks could hold 700 tons of telephone-line wire or 1,000 tons of gilding-metal clad steel
bullet jacket stock. This volume marked a shift in C&H business priorities as it turned toward
exploration of new sources of copper and different products for the market. H.C. Kenney, smelter
superintendent, led the research and development of new forms of processing and efforts to deal with

the waste products from scrap such as “copper mud,” grease, and the typical lead, iron, and brass.

Figure 2-4. Burning of Copper Scrap in C&H Hubbell Smelter Yard (circa 1950s). Courtesy: Keweenaw
National Historic Park Archives.

Some copper wire required the burning of insulation, which contained PCBs from the wire
before processing. This burning is first documented in the 1940s in C&H News and Views. Copper

wire was treated as late as 1968, according to C&H reports to the US Bureau of Mines on their
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secondary copper operations (C&H-Mining-Company, 1968). The practice of burning wire to remove

insulation continued into the 1960s in a location between the smelter and Torch Lake, as verified by
oral history interviews. PCB residue from the burning was likely deposited into the soils of the

smelter yard.

2-4. Reclamation: Stamp Sands and Scrap

Realizing the copper value still located in Lake Linden’s stamp sand beds residing in Torch
Lake, C&H developed a process for reclaiming the sands in the 1910s. Within ten years the company
had built two reclamation facilities at Lake Linden and Tamarack City to regrind and extract copper
from the sands produced by the Calumet, Hecla, Ahmeek, Tamarack, Lake #2, and Osceola mills. The
tailings piles at Lake Linden alone covered an area of about 156 acres and varied in depth from nothing
at the shoreline to 120 feet (Engineering-&-Mining-Journal, 1924a, p277).

Reclamation involved a number of steps, depending to some extent on whether the sands were
from conglomerate or amygdaloid rock. In total, the facilities demanded a significant amount of
electricity to operate, which was provided by the C&H power plant in Lake Linden (see next section
on electrification). Reclamation operations also required large structures on water and on land. On
the lake a dredge scooped up the sands. A pontoon-floating pipeline supported its operation with
additional supports for electrical wires to run the dredge. A shore plant on the water’s edge
transmitted the electricity and received the sands pumped from the dredge. A conveyer system then
transported the dewatered sands to a regrinding mill that ground the course sands into fine material.
Before reclamation, copper production in this district primarily required mechanical methods of
extraction. With reclamation came chemical extraction. A leaching plant sent the sand through an
ammonia bath. Next, a flotation process that utilized oils further increased the recovery of copper
from sands. The smelters then received the copper from the reclamation works and mixed it with other

coppers from the mills or from scrap material.

Three reclamation plants operated along western Torch Lake between 1913 and 1967. C&H
began construction of its Lake Linden regrinding plant in 1909. In 1913 it added a new electrical
substation to help power the reclamation complex, a second regrinding plant, an ammonia leaching
plant, and astill house. 1914 marked the official beginning of stamp sand reclamation along Torch
Lake. Realizing the great efficiencies in removing copper from stamp sand, C&H then built a
flotation plant in 1918. Each of these operations was contained in separate buildings at the north end

of C&H property just past the Calumet Mill, whose conglomerate sands were the first to be reclaimed.
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Once its Lake Linden operations were demonstrating success, C&H started construction of an
updated reclamation facility in 1920 in Tamarack City. Housing all operations in separate buildings
beneath one continuous roof, Tamarack Reclamation Plant was completed and operational in 1926. It
processed the sands from Ahmeek, Tamarack, Lake #2, and Osceola mills, and by 1929 was

processing the slag from the C&H Hubbell smelter.

Dredging sands ended in 1944 and then resumed for a short few years in 1957 to process
additional Ahmeek Mill sands from recent depositions. After the 1940s, Ahmeek Mill was the only
C&H facility processing mined copper rock. Most of the Tamarack Reclamation Plant focused upon
copper scrap in the 1950s and 60s. Lake Chemical Co., organized by C&H in 1945, utilized the
Tamarack plant to produce cupric oxide, copper hydrate, and tri-basic copper sulfate for fertilizers and

fungicides.

Quincy Mining Company had long desired to build a reclamation plant, which would process
the sands from Quincy Mills #1 and #2, but lacked the financing. World War Il provided the
opportunity with a loan from the US government, engineering help from C&H, and a subsidized
copper price. Quincy signed a contract with the federal Metals Reserve Company (MRC) in 1942 to
build the plant just south of Quincy Mills 1 and 2 on Torch Lake. Quincy was to produce 10 million
pounds of copper per year at a federally guaranteed premium price. Since the two Quincy mills had
closed in 1921 (Mill #2) and 1945 (Mill #1), the copper product would come only from the stamp
sands. The Quincy Reclamation Plant worked solely with amygdaloid stamp sands that had come
from its mines north of Hancock. As a result, it had no leaching operation at its Mason location,
relying exclusively on regrinding and flotation to retrieve copper from the sands. Quincy also did not
use its reclamation plant to process scrap. What scrap Quincy did acquire and process, was handled

directly at its smelter in Ripley.

A fourth reclamation plant was built on Lake Superior in 1937 near the Champion Mill’s stamp
sands. A minor enterprise for Copper Range, the facility only operated for just over ten years. Powered
by cheap hydro-electricity the plant did not function in winter months and only planned to recover

those sands above the Lake Superior water line that were not buffeted by strong storms.

Copper recovery from original sands was significant: the regrinding plant, equipped with
Hardage mills and Wilfley tables, allowed the recovery of copper at about thirty-five percent of total
values in the original sand; leaching produces about forty percent of total values; and flotation about ten

percent. Total recovery from the original sands easily amounted to eighty-five percent (Benedict, 1955

p87-88).
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Table 2-3. Torch Lake Reclamation Plants.

Plant Date Date Closed Notes
Started/
Completed
C&H - Lake | 1909/1913 1953: all buildings but Treated conglomerate sands from
Linden ) Leaching Plant which Calumet and Hecla Mills
1919: Flotation | was used for scrap _ o
plant added leaching only Each operation a separate building
Continued leaching facility to
1967: Leaching Plant process copper scrap
C&H - 1920/1925 1968: for overall Separate buildings all under one roof
Tamarack building use
Conglomerate sands from
1965: Lake Chemical Tamarack; amygdaloid sands from
ceased Ahmeek
Quincy - 1942/1943 1967 Utilized equipment from C&H; built
Mason by C&H; MRC loan of
$1.5 million
All in one building. Used only
flotation, not leaching.

Each step in the reclamation process added to the environmental burden of local soils,

sediments, and water. Regrinding began at Lake Linden in 1915, reducing the size of the particle from

coarse to fine-grained sands. The availability of central electrical power from the C&H Power

Plantmade it possible to run motors for the Wilfley tables for the fine grinding. C&H first achieved 4

to 5 pounds of copper per ton of sand reground (Benedict, 1955, p74). At Lake Linden, C&H built

two regrinding plants to help process the stamp sands from Calumet and Hecla mills deposited

between 1868 and 1915. Gradually fine grinding equipment [Hardage mills,that replaced Chilean

mills] were placed directly in the mills themselves. Lake Linden’s two tailings piles of about 150

acres in size were primarily composed of conglomerate rock, with some of the Hecla tailings coming

from amygdaloid after 1900. Amygdaloid tailings were considered to be only one quarter the value of

conglomerate, and thus shunned by the early reclamation plants. Premium prices of copper during

World War I, however, made amygdaloid sand reclamation more profitable. The Tamarack

reclamation plant, two miles south of Lake Linden, was erected between 1920 and 1925 primarily to

reclaim the conglomerate sands from the Tamarack Mill. Adjacent to Osceola’s amygdaloid sands,

they were relatively uncontaminated. Eventually Tamarack Reclamation processed the Osceola and
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later Ahmeek amygdaloid sands. The Quincy Reclamation Plant opened in 1943 to reclaim two
amygdaloid piles of tailings deposited from 1888 to 1945 by Quincy Mills #1 and #2. These

amygdaloid tailings required no leaching.
2-4a. Reclamation processes and wastes

A shore plant pump and dredge delivered the sand to the reclamation plants. Because of the
depth of Torch Lake, the furthest extent of sand deposition was relatively close to shore. The longest
dredge line was three-quarters of a mile—just within the limit of the capability of the dredge pump.
C&H had kept a record of tonnage and tailings assays, allowing detailing planning and mapping of

dredge operations (Benedict, 1955, p82-86). The pumps at the shore plant sent the sands to classifiers

that then sent coarse sand to regrinding and finer sands to leaching and flotation at C&H facilities.

The plant at Lake Linden had twenty-four mills, grinding 110 tons per 24 hours (Benedict, 1931

p522-524). The Tamarack Reclamation Plant, built in 1925 had about 2/3 the capacity of the Lake
Linden Reclamation Plant. This changed by 1930. All material from the stamp mill as well as the
stamp sands in Torch Lake were delivered to regrinding plants. Ahmeek was the only C&H mill in
operation after Calumet Mill ceased in 1944. By then it stamped both conglomerate (from Calumet
lode) and amygdaloid ores (from Kearsarge and Osceola lodes). It utilized a similar process for both
ores, with the primary difference being that conglomerate ore required fine grinding. Following
grinding and table processing, the product was separated into sands for ammonia leaching and slimes

for flotation. C&H’s conglomerate ores required both leaching and flotation.

Leaching of conglomerate ore sands with ammonia converted metallic copper into a soluble
oxidized state. Most of the ammonia was recovered and recycled in the plant. Some residue—slimes
that are not valuable—was discarded and contained heavy metals other than copper. Both Lake Linden
and Tamarack Reclamation Plants worked with conglomerate ore and had leaching plants. Blueprints
for each show a pipeline from the plant to Torch Lake for discarding water and presumably some slime
wastes. At the tail end of the ammonia leaching flowchart for C&H plants is located a settling cone
from which the cupric oxide is pumped out, filtered in an American filter, and sent to a rail car.
Overflow from both the American filter and the settling cone pass through a Sweetland Filter, which is

designed to capture other “waste” metals in a cake form (Benedict, 1955, p144). Presumably this “cake”

is discarded near the leaching plant, and may account for the “slimes” found at the Lake Linden beach.

These were removed through a 2007 EPA Emergency Response action.

C&H entered an agreement with the Metal Reserve Company in 1942 to treat military scrap in

C&H’s leaching tanks. The company processed 65,000 tons of scrap, yielding 20,800,000 pounds of
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copper and 40,000 long tons of steel. After the war the leaching plant treated various types of clad-steel

scrap, motors, and wire after burning off the insulation (Benedict, 1955, p122).

The flotation plants handled the finer sands from regrinding of the sands in Torch Lake as well
as the finer grained sands produced by the stamp mills. In addition, they handled the secondary slimes

from the leaching plant (Haskell, 1931, p529). Early methods used coal tar, pyridine, wood creosote and

pine oil to promote flotation of copper, which attached to these chemicals and could be removed and
processed. After the introduction of xanthates in 1926, recovery of copper improved and xanthates and
pine oil became the preferred reagents for the remainder of the life of flotation plants on Torch Lake.
After 1920, C&H used flotation methods on its conglomerate ores from both the stamp sands and the
concentrates directly from the stamp mill. With the introduction of xanthates, amygdaloid ore from
stamp mills and Torch Lake sands deposits could also be sent to the flotation plant. The Champion Mill
(Copper Range Mining Co.) on Lake Superior was the first to use flotation methods in 1929 on its
amygdaloid ores from the Baltic lode. As a result, by 1930, all the larger mills in the copper district had
redesigned their mills to incorporate flotation. Champion, Baltic, Mohawk, and Ahmeek were the major
mills operating after that time. The smaller mills (such as Isle Royale) did not make this addition to
milling. Waste from the modernized mills and the flotation plants at reclamation facilities in the form of
slimes or very fine-grained sands were deposited into Torch Lake and Lake Superior. They likely
contained heavy metals that were of no commercial interest. Today they would be pumped into regulated
tailings ponds. But during the era of C&H, Quincy, and Copper Range production, Torch Lake and Lake
Superior were the available lakes for discarding the fine-grained tailings and wastewater from floatation

and leaching.

2-5. Powering Torch Lake Facilities

As stamp mills grew in size and added new functions such as flotation, their power
requirements increased. Initially, each stamp mill was powered individually with a boiler house and
steam engines. Wood, then coal, fueled the work along Torch Lake. With the advent of reclamation
processes in separate plants, and then added to the more modern mills in the 1930s, a centralized
power source became imperative. C&H built a central electrical power plant in Lake Linden in 1903.
This made the subsequent Lake Linden reclamation plant operable and eventually that in Tamarack.
Quincy Mining Company built a steam power plant (utilizing coal) between Mill #1 and #2. It was

closed before the Reclamation plant was built and utilized steam from coal, not electricity.

By 1930, the electric power generation plant supplied electricity that reached C&H facilities in

Calumet, the Calumet and Tamarack Water Works across the Keweenaw Peninsula on Lake Superior,
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and as far north as Phoenix Location. When Quincy built its reclamation plant in the 1940s, C&H
extended its power lines to Mason. This continuous expansion of centralized electrical power required
regular updates at the Lake Linden Power Plant and the placement of several substations along Torch
Lake at the three reclamation plants, at the smelter, and at the Ahmeek mill. The smelter and Ahmeek
mill also had their own turbines that produced local electrical power as a byproduct (steam) from mill
and smelter operations, and at a substantial savings in coal. The central power plant in Lake Linden,
however, produced the bulk of the power (76%) for the Torch Lake operations. A small power plant
was built in 1931 at the Ahmeek Mill to ensure uninterrupted power, thus augmenting the power

generated by the steam from milling waste heat (Mclntosh and Burgan, 1931, p542) . In total, Torch

Lake hosted a power network that included a central power plant, a secondary power plant (Ahmeek
Mill), a power plant at Mason for two mills, at least four sub-stations, a coal pulverization plant, and

two large coal handling docks (at Hubbell and Mason).

Under a centralized power system, C&H facilities created waste products of significance to
the pollution in Torch Lake and nearby soils. With the use of coal to produce heat in the smelter
furnaces and the boilers for the power plants and mills, the company imported large quantities of coal
to its dock and storage sheds near the Hubbell smelter. A pulverized coal facility at Hubbell supplied
this improved product to the smelter and to the Lake Linden power plant. The byproducts of ash,
smelter smoke, and coal dust from combustion contained heavy metals and PAHs that made their way
into Torch Lake. In addition, after 1930, electrical transformers typically utilized PCBs in their fluids

instead of the previously used mineral oil.
2-5a. Coal use

Early mining steam power as well as underground mine structures relied on wood from the
nearby forests in the Keweenaw Peninsula. Quickly depleted, wood resources gave way to imported
coal in the 1880s. Both C&H and Quincy operated coal docks on Torch Lake. First built in the
1860s (C&H) and 1880s (Quincy), shipping docks served the early mills. With the use of coal the
companies rebuilt and enlarged the docks. The coal docks, closely tied to rail lines, handled large
deep-water vessels and were equipped with large cranes and open-sided storage sheds to protect coal

from the elements. Company trains delivered coal supplies to boilers at mills and power plants.

After 1924, C&H’s coal pulverization plant received coal and delivered it to the smelter for
furnaces and to C&H power plant in Lake Linden. Quincy Mining Company never built a
pulverization plant. Pulverization of coal created a high risk of explosion from dust and required a

separate, specially designed facility with proper ventilation and piping necessary to move the coal and
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reduce accumulation of dust. The process of pulverization required reducing lumps of coal to small
sizes with rollers, and then removing moisture from the coal. The pulverizer then reduced the coal to
a fine powder, which was transported by pipe directly to the smelter furnace. Cost savings included

significant reduction in labor for handling coal, as well as efficiencies in burning coal in furnaces.

Extensive use of coal produced a large amount of fly and bottom ash waste that needed
disposal. Together they are often referred to as coal ash. Along Torch Lake, bottom ash collected in
the base of boilers and smelter furnaces. Fly ash was distributed through the smokestacks. There was
clear evidence in the 1960s that the bottom ash at Ahmeek mill was routinely pumped into Torch Lake
through a launder. This waste stream had been of interest to C&H researchers because of its copper
content, and therefore a likely candidate for further copper recovery. C&H examined possible
reclamation of copper from ash at the smelter and at Ahmeek mill in the 1950s and 60s but never
implemented any initiatives before the 1968 closure. Coal ash is known to contain heavy metals and
PAHs that are considered hazardous waste. Since the 1880s, with coal burning in mill boilers, at the
smelter furnaces, and the power plants, ash has entered the waters of Torch Lake along with the stamp

sands and other regular waste materials.
2-5b. Wastes and locations

The summary of processes and the development of industrial facilities at Torch Lake begs the
question: what specific wastes of significant volume and toxicity ended up in Torch Lake and
possibly in the soils around the various buildings? A clear articulation of specific waste and location
based upon copper processing history along this industrial shoreline provides definition to the more
general studies completed by the EPA Superfund and AOC programs. Specific facilities created
known hazards with chemical spills and regular waste streams. Reclamation plants at Lake Linden,
Tamarack, and Mason were the sites of likely accidental chemical spills and waste streams of sludges
containing heavy metals. They also discharged fine-grained tailings throughout the lake. Power
facilities fueled by coal at Lake Linden and Ahmeek Mill distributed PAHs and contained PCBs in
their transformers. Substations all along the shoreline also utilized PCB laden transformers. The
smelter yard and coal dock produced PCBs, PAHSs, and slag contaminating nearby soils and
sediments. It is in the historical details of these facilities and their technological changes over one
hundred years from which solutions can be crafted that reflect a holistic and complete view of hazards

produced by copper processing.
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Chapter 3. Torch Lake Pollution and Government Response —
A History of Remediation

3-1. Introduction

As a waste disposal site for copper milling and processing it is not surprising that Torch Lake has
a history of pollution and a contemporary focus on remediation. This chapter discusses the early
development of Torch Lake as a disposal site, including the legal history, which allowed dumping of
mine wastes until the 1970s. It continues with a review of the early signs of pollution and subsequent
research in the 1970s on water quality and pollutants. Finally, the histories of the listing of Torch Lake as
a GLWQ Area of Concern and an EPA Superfund site are detailed. From this account, which begins in
the 1860s and ends over one hundred and thirty years later, we can view the long history of governance
over Torch Lake.

3-2. Origin of Torch Lake as a Waste Disposal Site

Water bodies such as Torch Lake have historically been considered waste disposal sites; much in
the same way that “dumps” and landfills became disposal sites for municipal waste. In the case of Torch
Lake, the dumping of waste persisted until the 1970s for mine material and even later for human waste
(when sewerage ponds were built on reclaimed stamp sands). This was not the practice, however, for
what is known as the Keweenaw Waterway—the nearby navigable passage that cuts through the
Keweenaw Peninsula and includes Portage Lake. Torch Lake is connected to Portage Lake through a
narrow passage from Torch Bay and has always been considered part of the Waterway and connected to

Lake Superior.

In 1891, when the US government assumed authority over the Keweenaw Waterway, taking
control from private parties, it explicitly excluded Torch Lake from the provisions of the act.®> No harbor
lines were designated for Torch Lake, and the nominal clause on dumping also did not apply.
Consequences for stamp sand disposal were therefore dramatically different between Portage and Torch

Lakes. A little history is helpful to illustrate here.

3 US Code 2001, Title 33, Chapter 9, Subchapter 1, 433. “....the provisions of this act shall not apply to Torch
Lake, Houghton County, Michigan.”
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Figure 3-1. Keweenaw Waterway Map: 1845. (US Engineer Office, Duluth MN, “History of Keweenaw

Waterway, Michigan,” 1940)

The 1843 Treaty between the US government and the Ojibwe opened land in the Keweenaw to

In 1845 Houghton County was created and the US government began selling mineral

white settlement.

an

rights and land parcels. Private companies formed to control entry to the Keweenaw Waterway,

important access to settlements in Houghton and Hancock. The south entry to Portage Lake from

about 4.5 miles long and 3-

shallow and circuitous

Keweenaw Bay, through Portage River, was narrow
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5 ft. deep. Ojibwe voyagers had utilized the waterway to travel west from Keweenaw Bay to
Cheguamegon Bay, portaging their canoes to Lake Superior over the last bit of land at the northwestern
point of Portage Lake to avoid the long trip and perilous trip around the Keweenaw point. The 1855
construction of a canal and locks on the St. Mary’s River made industrial shipping possible to locations
on Lake Superior. Before the canal, goods moving between Lakes Huron and Superior were off-loaded
at Sault Ste. Marie, portaged over land and then reloaded onto a waiting vessel. The new canal prompted
several mining companies to privately raise $30,000 in capital and dredge Portage River at the south
entry. They charged tolls for transport of vessels through the entry and access to the villages of
Houghton and Hancock. This was done without legal authority, and the State of Michigan quickly
passed a law allowing the companies to incorporate themselves as the Portage Lake and River
Improvement Company. To open up the north entry to Portage Lake, another private company organized
in 1864. This one was official and subsidized by the US government with 400,000 acres of land grants. In
1873, the 2-mile north entry canal was completed opening the waterway from south to north, and tolls

were collected for passage.

Entry into Torch Lake from Torch Bay on the north side of Portage Lake was narrow and
shallow. In 1873 the Torch Lake Canal Company (organized by C&H Mining Co., under a State of
Michigan charter) cut a canal 60 feet wide, 16 feet deep, and 2.5 miles long (USArmy-Corps-of-
Engineers, 1902, p2621). C&H had recently built its Hecla Mill on Torch Lake in Lake Linden. After

further improvement in the canal in 1885, tolls were collected. At this time, not far from its mines, C&H

added a smelter in Hubbell and a second mill (Calumet) in Lake Linden (USArmy-Corps-of-Engineers,
1902, p2620-2622; 1940). C&H kept the canal dredged at a depth sufficient to carry the largest ships

passing through the Sault canals, ensuring that all machinery, coal, and copper product could easily

move from Torch Lake to Lake Superior and beyond.

At the turn of the century, Torch Lake remained an exception to ongoing federal control over the
entire Keweenaw Waterway. As the US Army Corps of Engineers located and enforced harbor lines in
the Waterway and managed dredging of the entries into Portage Lake, the care of Torch Lake remained
in private hands. How did this come about? Through a series of events, portions of the waterway moved
from private to public control, beginning with the financial failure of the private (but government
subsidized) north entry canal. The US government purchased the physical assets along the north entry
as well as those from another private company at the south entry.* Once in the hands of the US, the

entire Keweenaw Waterway (including Torch Lake) came under the jurisdiction of the Rivers and

4 US expenditures for purchase of the waterway and establishment of harbor lines in 1891 totaled $365,128. Purchase
price was $350,000 (USArmy-Corps-of-Engineers, 1940).
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Harbors Act and management by the US Army Corps of Engineers. The details of the subsequent history

are interesting.

As a prelude to this development, in 1881 the federal government took control of the State of
Michigan improvements to the Sault Ste Marie canal. Shortly thereafter the government was asked to
assume control of the Keweenaw Waterway and make it toll-free. Congress ordered a complete
investigation, and in 1890 Congress approved the purchase of all existing improvements in the waterway.
By then the canals at each end of the Waterway and their entrances had deteriorated and required new
work. In 1891 harbor lines were established—an essential step since stamp sands from mills in Portage
Lake were filling up the narrow channel between the towns of Houghton and Hancock. Congress funded
the deepening of the waterway and enlarging the channel. The 1899 Rivers and Harbors Act restricted
dumping of soil and rock to areas inside of the harbor lines. Torch Lake was specifically exempted in this

legislation.

Torch Lake, however, remained under the control of the mining companies that continued to

dredge it and keep the Torch Lake canal open using private funds (USArmy-Corps-of-Engineers, 1940).

Without the restrictions of harbor lines and limits on dumping, Quincy and C&H Mining Companies
poured stamp sands into the lake during the lifetimes of their mills. Perceived as a waste depository, the
lake became the dumpsite for other materials of no value such as the coal and chemical wastes that
became the mainstay of copper processing. By the 1920s with the use of flotation in processing and of
coal for power production, sludge and coal ash laden with heavy metals were deposited along with

stamp sands.

Again in the 1940s, Torch Lake was officially exempted from any restrictions against dumping
by the mining companies. According to EPA notes in the depository record, the exemption covered a
period from the 1940s to 1965 due to the industry’s critical role in the war effort. However, in 1969 a
court order prohibited C&H from dumping into Torch Lake. By that time Universal Qil Co. had
purchased C&H properties (April 1968) and a strike had shut down operations. Production never
resumed along Torch Lake, and beginning in the early 1970s, both C&H and Quincy mining companies
liquidated their facilities. For criteria used to evaluate Torch Lake for the National Priority List, see
U.S.EPA (1984). For federal exemptions from regulations on dumping of mine waste into Torch Lake,
see U.S.EPA (2003).
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3-3. Early Signs of Environmental Change

The earliest signs of environmental change in Torch Lake and its surrounding landscape were the
growing volume of stamp sands (tailings) along the western edge of the lakeshore by the late 1800s.
Illustrated by the four maps below (Figures 3-2 through 3-5), Torch Lake absorbed approximately one-
half of its volume with the coarse sands from the eight mills that lined the waterfront from Lake Linden

south to Mason.®
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Figure 3-2. Torch Lake Map 1865 (U.S.Lake-Survey, 1865), 1924 (Fi.g-ur:e 3-3), 1948 (Figure 3-4), 1996
(Figure 3-5).

5> The amount of stamp sand deposited into Torch Lake has been reported to be as small as 20% of the volume of the
lake to as high as 50% according to various EPA and AOC documents. The accurate amount is closer to 50%. This
was confirmed by a bathymetric survey completed in 1990 which was then compared to the survey in 1865 before
stamp sand waste deposits commenced (U.S.EPA, 1992¢).
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Figure 3-5. Torch Lake Map — 1996 (NOAA, 1996).

Other signs of environmental changes occurred in the form of a treeless landscape, smoke filled
skies, and industrial noise. Smokestacks from the C&H smelter, the powerhouse, and several mills
utilizing coal for steam and electricity created a hazy atmosphere. Winds from the north and northwest,
typical much of the year, pushed the smoke in the direction of the lake. The less typical southern winds
allowed it to collect against the hillsides backing Torch Lake in the communities of Lake Linden,
Hubbell/Tamarack, and Mason. World War Il brought the burning of scrap—especially copper wire—
into Hubbell’s smelter yard. Announcements of the burn schedule were published in C&H News and
Views. Figure 2-4 in Chapter 2 shows the intensity of the smoke produced by these burns. Interviews
with residents of the communities along the lake produced comments about water that was reddish and
opaque at times during the year, and sailors who passed through called Torch Lake the “Red Sea” (DMG,

1955). Aerial photos taken between 1938 and 1963 show a highly turbid, reflective lake.
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Beginning in the 1920s, the character and volume of waste began to change. As mills closed,
only the Ahmeek Mill continued to operate. Mill waste included fine-ground sands, sludge from
flotation, and coal ash. By the 1940s it was the only operating mill on Torch Lake. C&H’s Hubbell
smelter operated until the 1968 copper mining strike and officially closed in 1970. Smelter operations
added both solid and granulated slag to the shore and water south of the smelter. The Tamarack
Reclamation Plant had converted in the 1950s to production of various copper chemicals. The Quincy
Reclamation Plant continued to operate until the 1960s, pumping the waste sludge from flotation, along
with the finely ground sands that had been reprocessed directly into the southern portion of Torch Lake.
And, of course, powering all these remaining facilities was the Lake Linden C&H power plant,

continuing to operate until 1970.

With the closing and emptying of all Torch Lake facilities after 1970 except for Peninsula
Copper Industries (PCI) located near the Hubbell smelter, most waste production ceased.® However, that
did not prevent waste disposal of residual chemicals stored in warehouses or equipment. Likely
candidates for ready disposal in the depths of Torch Lake would be the PCBs from the transformers of
the three power stations in Lake Linden, at the Ahmeek Mill, and at Quincy/Mason; ammonia from
leaching plants; xanthates and pine oil from flotation facilities; and the necessary but miscellaneous
solvents utilized in all industrial operations. It is likely that various copper chemicals still in the Lake
Chemical plant in Tamarack would have been sold. We have documentation from the 1990s of
approximately 800 barrels disposed in the water immediately off of the smelter/coal dock location in

Hubbell (Kruger and Bartelt, 1992). Discussed in more detail later, these barrels have been long

assumed to have contained waste and materials with no resale value that were shoved into the lake.

While some testing of barrel contents occurred in 1990-91, more remains to be done.

3-4. Post-Mining: Pollution and Environmental Concerns in the 1970s

The consequences of mineral processing along Torch Lake became more visible and complex
beginning in the 1970s and early 1980s. Water quality concerns and fish tumors in Torch Lake

heightened concern among residents, and a growing awareness of pollution resulting from copper

6 PCI, located in the original C&H electrolytic plant near the Hubbell smelter, continued copper recovery (producing
copper-based chemicals) from scrap material beginning in 1982. During its initial years it produced fiberglass waste
piles on adjacent property from electric circuit boards utilized to recover copper. It also dumped processing water
into Torch Lake. EPA eventually regulated both forms of waste through discharge permit and a cleanup order
(DMG, 1984. The Daily Mining Gazette, Houghton, M1 May 23, 1984.)
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processing emerged. The 1970s brought new federal powers for pollution prevention through the Clean
Air Act (1970) and Clean Water Act (1972), further engaging local interest in mine pollution. Through
popular news sources, citizens received a crash course on the causes and health effects of polluted
waterways and dirty air. This began an era of intensive research on Torch Lake. Michigan Technological
University scientists conducted several investigations on water quality, copper in sediments, and tumors
in lake fish.  Residents along the lake had long noted the soot, colored water and sediments, and other
environmental “nuisances,” but these were not subjects of scientific inquiry until national attention to

environmental damage accelerated after 1970.

In 1985 the International Joint Commission (1JC) for the Great Lakes designated Torch Lake as
an Area of Concern (AOC)’ —thirteen years after C&H (then Universal Oil Products, or OUP) and
Quincy Mining Companies had decided to shut down their operations permanently. One year later in
1986 the EPA listed mining sites in the Keweenaw copper district on the National Priorities List under
the CERCLA (Superfund) program for hazardous waste cleanup. These “listings” have subsequently
driven the work to resolve the health and environmental hazards in and around Torch Lake for over
thirty years. Each program, Superfund and 1JC’s AOC program, operates under a different set of rules
for designating a hazardous site, and also requires different criteria for removing Torch Lake from their
respective “list.” It is not easy to delist a site. The scientific inquiry and community politics are largely
driven by the particularities of site investigation and requirements for remediation that allow delisting.

We will explain this further later.

First it is useful to ask, what led Torch Lake to achieve this dual identity of both a Superfund
site and an Area of Concern? In the early 1970s, several studies conducted by Michigan Technological
University faculty inquired into the effects of mining wastes, particularly copper, on water quality.
Local residents had long been aware of mine disposal in the lake, frequently commenting on what it was
doing to the water and fish. Awareness of water quality issues at abandoned mine sites throughout the
US increased. This coupled with the local appearance of fish tumors brought the copper-producing
region to the attention of EPA and the 1JC.

Water quality and mine metal pollution were on the minds of government agencies and

" There is some disagreement as to the date of listing as an AOC. The Report to the 1JC by the Great Lakes Water
Quality Board (1985) indicates that Torch Lake was not on the list in 1983, but was added by the time the 1985 list was
published. The Remedial Action Plan (RAP) (MDNR, 1987b) states that it was added to the AOC list in 1985.
Multiple EPA documents state explicitly that it was added to the AOC list in 1983 (Donohue, 1988; U.S.EPA, 2001,
2003).
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researchers alike. Some of the earliest studies on Torch Lake were completed in 1970, just as the
facilities along the lake shoreline shut down. The USGS and MDNR conducted a groundwater study of
the Keweenaw Peninsula to determine drinking water quality. The Michigan Water Resources
Commission (MDNR) conducted a biological investigation of Torch Lake, concluding that discharge of
stamp sands had significant effects on the lake ecosystem. Professor A.D. Kennedy and others at MTU
studied the physical and chemical properties of stamp sands. In 1972, 27,000 gallons of cupric
ammonium carbonate (known locally as “leach liquor™) spilled from the Lake Linden leaching plant into
Torch Lake. Investigations showed that this had happened before. Water quality studies about the same
time found high levels of copper, carbonate alkalinity, pH and ammonia nitrogen, probably due to the
spill. As a result of the spill, several other studies continued to evaluate Torch Lake into the early 1980s
(Donohue, 1988; Doonan et al., 1970; Kennedy, 1970; Kennedy and Chernosky, 1970; MDNR, 1970,
1973; Wright et al., 1973).

The critical trigger that led to Torch Lake’s designation as an Area of Concern was appearance
in 1973 of fish tumors in lake fish. After a decade of study, the Michigan Department of Health issued
fish consumption advisories in 1983 for Torch Lake sauger and walleye. Soon after, EPA applied the
Hazard Ranking System (HRS) to Torch Lake and other local mining sites in 1984, and in 1986 put
Torch Lake on the National Priority List (NPL). These actions resulted directly from the appearance of
tumors in two species of Torch Lake fish. Large external tumors were first noticed on sauger and
walleye. Subsequent pathological research between 1979 and 1982 indicated that both species were

commonly affected (Donohue, 1988).

Several MS theses at MTU and the University of Wisconsin between 1973 and 1985 also
contributed to the characterization of Torch Lake pollution and water quality issues. They covered topics
such as environmental chemistry of copper and heavy metals in Torch Lake, long-term water quality
analysis, effects of copper in stamp sands on the benthos in lake sediments, further investigation of
walleye and sauger tumors, and hydrology and copper budget of the lake. In chronological order, MS
theses during 1969-1987 include Yanko (1969), Brandt (1973), Lopez-Diaz (1973), Tomljanovich
(1974), Virnig (1974), Sypniewski (1977), Sabol (1981), Mackay (1985), and Warburton (1987).

Clustered around questions of water quality, benthic health of the lake, and fish tumors, the thesis

findings included:

o High copper content affects water quality: In 1972 the copper content of water in Torch Lake

was high, but largely in non-toxic form. However, spring runoff (decreased pH and dissolved

organic carbon) and increased iron and manganese in the water shift the speciation to toxic forms
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of copper. These periods of oxygenated water in the spring and fall favor release of metals from

the sediments (Lopez-Diaz, 1973). Torch Lake was mesotrophic, had high levels of copper, and

was poorly buffered. Fluctuation in pH due to low buffering could cause more harmless copper
complexes to shift to more toxic forms (Virnig, 1974). Dissolved copper concentrations in the
lake increased with depth and have not decreased since 1972 due to continued surface runoff
contributing about 97% of measured flows of dissolved copper to the lake. A large imbalance in
the copper budget was inferred to indicate large inputs of copper from the lake sediments
(Warburton, 1987).

e Copper from stamp sands in the lake reduces benthic health of the lake: Copper-bearing stamp

sands blanketing the bottom of Torch Lake reduced benthic microbial decomposition, possibly

resulting in a “poisoned oligotrophic” status (Sabol, 1981).

e Liver and skin tumors are present in walleye and sauger: The sauger with tumors were noted to

be in poor physical condition and the specimens averaged 10 or more years in age. Walleye had
fewer tumors than the sauger and exhibited no liver tumors. They also averaged 10 or more

years in age. The results of liver tumors suggested sex-related factors (Mackay, 1985).

Other university studies figured prominently in MDNR and EPA assessments, as outlined in the 1987
RAP (MDNR, 1987b). Their major findings include:

e Benthic communities were reduced in areas of copper tailings disposal
e Torch Lake sediments were proven toxic according to bioassays.

e Torch Lake had high turbidity during years of mining, but water clarity gradually increased
post-mining. Also decreasing is the conductivity of the lake’s water. During the active mining

years, water released from mine dewatering had increased conductivity of the lake water.

e High concentrations of copper in the water column (from 20 to 80 ng/l) exceed the IJC water
quality objective of 5 ug/I® as well as state water quality criterion based on hardness. The
source of copper in Torch Lake water is from the Trap Rock River (smaller source), as well as

from tailings (larger source).

e Copper toxicity is limited by dissolved organic substances that chelate the copper.

8 This standard was set in the 1978 Great Lakes Water Quality Agreement (1JC, 1978, p56).
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By the end of the study period before the 1987 RAP, three major conclusions from various
research projects emerged: 1) there was a high volume of copper in Torch Lake sediments and water
column; 2) the benthic community in Torch Lake was degraded, some areas more seriously than others;
and 3) fish tumors in walleye and sauger (both external and internal) raised concerns about linkages (yet

unproven) to copper processing along the lake.

3-5. Torch Lake — A Designated Contaminated Site

Once designated a contaminated site by two sets of criteria (AOC and Superfund), Torch Lake
became the object of numerous additional scientific studies to determine the character of mine waste, its
pollutants, and toxicity. Intensified research and planning by hired consultants during a ten-year period
(1983-1993) expanded the network of research beyond MTU scientists. The two major firms retained
were Donohue and Associates by EPA, and Weston, Inc.by MDNR. This work culminated in two major
planning documents that would direct further work at Torch Lake to address the contaminants: in 1987,
the Remedial Action Plan (RAP) by Michigan Department of Natural Resources (MDNR) for the Torch
Lake Area of Concern; and in 1992 and 1994, the Record of Decision (ROD) for three “Operating Units”
at the Torch Lake Superfund Site.

The two investigations by MDNR and EPA occurred in parallel time. These simultaneous
designations by different government criteria have led to much confusion. While there was considerable
overlap in research—both often drawing upon the same studies done by MTU scientists— there were
some important differences. First, EPA had funds available to pay for its investigations, whereas MDNR
had very limited to no funding from the 1JC. (Today the 1JC provides funding through each national
government to fund the AOC programs in the states.) As a result EPA hired a consultant, and MDNR
relied mostly on MTU scientists, their previous work, and some small new studies they could fund.
Second, the scope of the two sites differed. EPA’s Torch Lake Superfund site included a much larger land
and water mass, whereas the AOC pertained only to the water body of Torch Lake itself. Third, the
criteria utilized for identifying problems and planning remediation differed: the AOC focused on
“beneficial use impairments” and EPA focused primarily upon human health hazards quantified as

carcinogenic and noncarcenogenic hazards.
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Figure 3-6. Torch Lake Area of Concern. (http://www.epa.gov/glnpo/aoc/torchlake/images/TorchLake
Final_State Approved.jpg)

Figure 3-7. EPA Torch Lake Superfund Site. Map showing 13 of 14 Sites on NPL. (From p. 58 of EPA 3rd
Five Year Review, 2013. Site No. 14 (Scales Creek) is not shown on this map.
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A look at the work accomplished and the investigation results during this ten-year study period
illustrates some of these differences. Understanding the events and actions during this time frame is
critical to making sense of the problems that the community faces today as it finds new contaminants

and new locations that were not considered earlier.

3-6. Michigan DNR and the Remedial Action Plan

The critical variable for listing a contaminated site under the status of an Area of Concern
(AOC) is the concept of “beneficial use impairment” or BUI in aquatic environments. Thus, as
illustrated in Figure 3-6, the Torch Lake AOC is confined to the lake itself. It does not include the
industrial shoreline along the western edge of the lake, which during the mining era (1860s to 1970)
generated the contaminants and that were likely causes of the impairments in Torch Lake. An AOC is
defined as a geographical area where impairment of beneficial uses has occurred as a result of human
activities at the local level (U.S.EPA, 2018).

Under the Great Lakes Water Quality Agreement (GLWQA), Canada and the US have outlined a
method to identify AOC sites, determine the major beneficial use impairments to aquatic ecosystems,
and prepare a Remedial Action Plan (RAP) that defines the problem and proposes remedies. Attention is
to the uses of a water supply or water body such as drinking, swimming, fishing, navigation, and ability
of waters to support aquatic life and wildlife. If any of these uses are impaired they may qualify for the
designation of beneficial use impairment or a BUI. Once determined, a BUI becomes the driving force
behind the listing of an AOC, and after its removal, the delisting of the AOC. Delisting can occur either

through specific remediation measures or through natural processes.

For four years (1983-1987) the Michigan Department of Natural Resources investigated Torch
Lake—its waters and sediments—and determined that there were three impairments to beneficial uses
of Torch Lake waters: fish tumors in the sauger and walleye, a degraded benthic community in the
bottom of the lake, and fish consumption advisories. It based its listing of these three BUIs on several
findings from the research described earlier. A brief summary of the investigation (also provided in the
1987 RAP) illustrates the focus and limitations of the AOC process for determination of the hazards of a

complex polluted mining processing site (MDNR, 1987b). The 1987 RAP detailed several major

problems with Torch Lake that related to fish communities, to the bottom dwelling animal (benthic)
community, and the sediments (MDNR, 1987b, p24-47).
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3-6a. Fish community

At the time of this report, Torch Lake was known to have had a diverse community of more than
20 species of fish for some time. The major sports fish included walleye, sauger, northern pike, and
smallmouth bass. After the mine processing ceased in 1970, sauger began to disappear, replaced by the
other three species of sports fish. In a 1979 survey, all sauger were over nine years and considered very
old.

The early surveys revealed tumors in walleye and sauger, with the liver tumors of most concern
since they are frequently associated with organic chemicals. Surveys on fish tumors by MTU researchers
continued until 1986. Although the studies were not often comparable with earlier findings, they did
reflect a continuance of tumors in walleye and sauger—nboth liver and dermal. Tumor incidence by 1986
was still present in the older fish of both species. The higher incidence was in sauger, with a lower
incidence in walleye. The findings from over fifteen years of research were complicated by various
factors such as the mobility of the fish, thought to travel widely through Portage Lake and Lake Superior;
by the question of parasitical cause of tumors; and by the use of gross examination of fish in the studies

instead of microscopic examination of tumors.

An analysis of the possible contaminants that may cause the fish tumors focused upon creosotes,
xanthates, and heavy metals. The flotation methods at Lake Linden, Tamarack, and Quincy reclamation
plants utilized creosotes and then after 1929, xanthates to process copper. Ahmeek Mill also installed
flotation technology in its updated facility in the early 1930s. These chemicals were part of the waste
material (along with sludge and stamp sands) that was discharged into Torch Lake. The MDNR 1987
RAP concluded that creosotes and xanthates were likely to be the causative agents for fish tumors.
However, xanthates were not found in the lake and were shown to rapidly degrade under the conditions
in the lake (Leddy 1986). Heavy metal and PCB contamination in fish tissue was also considered as a
possible cause of the tumors and found to be present. However, because PCBs were found to be near the
limit of “detectability” and lower than the consumption advisory criteria, they were not considered a

cause of the tumors.

Because of the fish tumors, however, Michigan Department of Health placed fish consumption
advisories upon Torch Lake sauger and walleye in 1983. The advisory was viewed as a “precautionary
measure until causative agents could be found in the lake” (MDNR, 1987b, p52). Therefore, in the RAP

MDNR stated that one of its goals was to suggest remedial actions that would eventually lead to the

removal of the fish advisory.
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3-6b. Benthic community

The animal community at the bottom of the lake is an important indicator of a healthy lake.
Invertebrates, unlike more mobile fish in Torch Lake, remain in one place and can therefore provide
indications of toxic conditions. Early research showed a low-density benthic community of primarily
worms and midges, indicative of toxic conditions in the sediments or eutrophic conditions in the water;
water column conditions ruled out the latter explanation (Massey, 1970; MDNR, 1973; Wright et al.,
1973; Yanko, 1969). Because little research had been done on Torch Lake, the RAP noted that

Michigan Tech researchers in 1981 and 1984 investigating copper sediment concentrations in Portage
Lake found both reduced numbers and taxa of macroinvertebrates where there was a measured high

copper content in sediments at the North Entry of Portage Lake.
3-6¢. Sediments

MDNR had a more reliable source of data on sediments in Torch Lake from sediment and tailing
analysis throughout the Keweenaw Waterway and nearby Lake Superior acquired from dredging
projects, and biological and mineralogical studies. They revealed high concentrations of copper in
sediments, as well as lead, zinc, arsenic, and tin in Torch Lake. The highest concentrations of these
metals in Torch Lake were found near the Hubbell smelter. In a 1973 study, high concentrations of
metals were also found near tailings deposits throughout the Keweenaw Waterway at Point Mills, Isle
Royale sands (including Pilgrim River entrance and Sunshine Beach), Houghton-Hancock (including
Coles Creek entry), and the canal at North Entry (Leddy, 1973). Similarly, high metal concentrations in
sediments were reported in Lake Superior at Freda and Redridge near Keweenaw North Entry and Gay

near the South Entry.

Overall, the sediments near mills and processing facilities were “heavily polluted” with copper,
lead, chromium, lead, zinc, and in some locations, arsenic. As such, they were not considered suitable

for dredging and disposal according to EPA guidelines for dredging projects (MDNR, 1987b, p42). Ina

section on pollutant transport mechanisms (how heavy metals and other pollutants end up in the
sediments), the RAP concluded that there were no “significant controllable point source discharges of
pollutants to Torch Lake” (MDNR, 1987b, p50). With regard to non-point sources, it concluded that

copper tailings were the primary concern and that the pore water in copper tailings deposits infiltrated

lake water. In addition, run-off from tailings and wind-born tailings is considered.
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3-6d. Water quality

The RAP report defined copper as the major concern with water quality in Torch Lake. The
major loading (source) of copper enriched water to Torch Lake is from the Trap Rock River at the north
end and the release of copper from the lake sediment. Copper concentrations exceeded Michigan’s Water
Quality Standard at the time. Torch Lake copper concentrations in the water ranged from 20-60 pg/L
(with an average of 40 ug/L). The 1JC water quality objective for the Great Lakes at that time was 5 ug/L

(1JC, 1978). Similarly, copper concentrations exceeded what would have been allowed in industrial

discharges in Michigan at the time (76 pg/L in the discharge, 11 pg/L in the mixing zon