DRAFT FOR STAKEHOLDER INPUT
TORCH LAKE DEGRADATION OF BENTHOS BENEFICIAL USE
IMPAIRMENT PROJECT EXPERIMENTAL PLAN DESIGN
Background
Copper mining was extensive in Houghton and Keweenaw Counties in the Upper Peninsula of
Michigan and formed the backbone of the regional economy and society. Copper ore milling and
smelting operations were conducted from the mid-1860s to the 1960s, including the importation,
reprocessing, and smelting of various scrap metals in the later years of operation.
The U.S. Environmental Protection Agency (EPA) designated Torch Lake and its western
shoreline, and other areas of the Keweenaw Peninsula, as the Torch Lake Superfund Site in 1986
after over 100 years of mining and reclamation. Torch Lake was also designated as a Great Lakes
Area of Concern (AOC) by the United States (U.S.) government (in consultation with the States)
under the Great Lakes Water Quality Agreement Torch Lake AOC. Figure 1 depicts the general
location of Torch Lake and its drainage basin, and the AOC boundary. Under the Torch Lake
Superfund Site project, EPA conducted cleanup activities to address some of the byproducts of the
mining industry while others were not addressed or left to recover through natural processes.
Environmental impairments within Torch Lake and along the shoreline resulting from historical
mining era industrial operations:





Present potential exposure risk to human and ecological receptors;
Limit the recovery of the Torch Lake ecosystem;
Create uncertainty over safe and beneficial reuse of the land; and,
Prevent delisting of Torch Lake as an AOC under the Great Lakes Water Quality
Agreement due to beneficial use impairments related to restrictions on fish and wildlife
consumption because of the on-going presence of polychlorinated biphenyls (PCBs) and
mercury in fish, and degradation of benthos because of metals contaminated sediments.

Problem Statement
Due to the metals contaminated sediments, the benthic macroinvertebrate community structure in
Torch Lake is limited and significantly less than similar lakes with uncontaminated sediment
resulting in the degradation of benthos beneficial use impairment designation. The EPA Superfund
remedy Record of Decision (ROD) for Operable Unit (OU) II Torch Lake Superfund Site OU II
ROD did not directly address area groundwater or Torch Lake surface water and sediment
contamination, instead relying on the reduction of stamp sand loading to surface water bodies
expected as a result of capping, and natural sedimentation to allow for the recovery of the benthic
macroinvertebrate community structure over time. In accordance with the Guidance for Delisting
Michigan's Great Lakes Areas of Concern the degradation of benthos beneficial use impairment
will remain in place until “all remedial actions for known contaminated sediment sites with
degraded benthos are completed (except for minor repairs required during operation and
maintenance) and monitored according to the approved plan for the site”. However, it has been
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recognized by the Michigan Department of Environment, Great Lakes, and Energy (EGLE) Office
of Great Lakes (OGL) and EPA Great Lakes National Program Office (GLNPO) that current
removal criteria may not be appropriate for Torch Lake due to the magnitude of the degradation
of benthos beneficial use impairment.
Earlier studies have suggested that at Torch Lake’s natural rate of sedimentation a recovery period
of hundreds of years may be required and that the post-mining era sediments that have accumulated
thus far have actually hindered benthic colonization and reduced bioturbation due to the sediments
adsorbing metals that would otherwise diffuse into overlying waters. However, a 2018 study
indicated that compared to the baseline study conducted in 1999 and 2000, a greater abundance
and diversity of benthic organisms is present in Torch Lake suggesting that some degree of natural
benthic recovery is occurring. There are also indications that a strong and diverse fishery exists in
Torch Lake though the beneficial use impairment related to restrictions on fish and wildlife
consumption because of the on-going presence of PCBs and mercury in fish remains in place.
Project Objectives
The objectives of the OGL Project are to revisit the degradation of benthos beneficial use
impairment removal criteria and to explore options that may hasten the recovery of the benthic
macroinvertebrate community structure through natural sedimentation. Please note that this
Project is not intended to consider localized areas of sediments impacted by contaminants other
than metals (i.e. PCBs) though they are a factor in delisting of the degradation of benthos beneficial
use impairment.
Consensus Building and Stakeholder Engagement
To consider innovative solutions for addressing Torch Lake benthic issues a technical summit was
held at the Jutila Center in Hancock, Michigan April 9-11, 2019. The summit took the form of a
design charrette and facilitated input from scientific experts, policy makers, construction experts,
and other stakeholders for OGL’s consideration. The design charrette participants were selected
by a multi-stakeholder committee to reflect local, tribal, state, and federal perspectives with an eye
towards a transparent, science based approach to collaborative problem solving. The engagement
process will be maintained by seeking multi-stakeholder input during development and
implementation of the experimental and monitoring plans.
Taking into consideration the State of Michigan’s delisting guidance and Torch Lake
characteristics (extent of mining waste deposition, hydrodynamics, morphology, post-mining era
sediment deposition), baseline and target benthic community characteristics, and habitat
restoration techniques, the design charrette participants concluded:


It is uncertain if delisting of the degradation of benthos beneficial use impairment will
require any criteria modification or any changes to the current EPA ROD remedy (natural
sedimentation to allow for the recovery of the benthic macroinvertebrate community
structure) to remediate the Torch Lake benthic community as long as there is a
demonstrated on-going trend toward benthic recovery and/or remedial actions for known
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contaminated sediment sites such as the PCB-impacted sediments near Lake Linden and
Hubbell along with the submerged drums in Torch Lake near Hubbell.
There are potential data gaps, some of which may be critical to executing the experimental
plan, while others are related to longer-term needs;
A series of pilot-scale test plots will aid in determining if and to what extent it may be
possible to hasten an increase in the density and diversity of the Torch Lake benthic
community via habitat restoration or decreasing the bioavailability of copper to the
benthos; and,
Hydraulic connectivity improvements on the north end of Torch Lake may increase
circulation and natural sedimentation into the main body of Torch Lake. Please note that
potential hydraulic connectivity improvements are beyond the experimental plan, but there
was strong support by technical summit participants to further consider them.

Experimental and Monitoring Plan Overview
The experimental plan will entail the construction of a series of pilot-scale contaminated sediment
capping and habitat restoration test plots in shallow, nearshore sub-areas of Torch Lake. Figure
2 depicts the 1999/2001 sediment toxicity and copper concentration results along with the five test
plot locations – three capping test plots and two constructed wetlands. Figure 3 and Figures 4-8
depict the capping test plots and constructed wetland locations in greater detail.
To determine the potential to improve the density and diversity of the Torch Lake benthic
community, surveys/monitoring in the capping and/or constructed wetlands test areas will be
conducted.
Constructed Wetland Design Outline
Constructed wetlands were conceptualized as a means of habitat restoration with multiple potential
benefits, including:





Attenuation of wave energy and shoreline protection;
Decreasing the bioavailability of copper;
Providing a “clean” substrate for benthic colonization; and,
Encouraging growth of submergent and/or emergent macrophytes as a perennial source of
carbon addition to the lake to support copper sequestration.

Other than potential locations for construction, design details for constructed wetlands were not
discussed during the charrette so the proposed design includes elements similar to those proposed
for the pilot-scale sediment caps along with certain practices from literature references. Also
considered was the use of local material as substrate that should be physically similar to native
(pre-mining) sediments to best accommodate colonization by indigenous benthic organisms.
To provide a non-contaminated substrate for benthic organisms and macrophytes, a habitat layer
composed of locally available loamy sand/sandy loam is proposed as the primary component of
the constructed wetlands. Consideration was given to including an armor layer beneath the habitat
layer to prevent erosion and disturbance of underlying contaminated sediments since the habitat
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layer will be subject to normal lake conditions and episodic climatological events. However, in
keeping with the concept of hastening natural sedimentation, and in choosing proposed locations
for constructed wetlands that would be similar to natural wetland locations with the greatest chance
of successful establishment, locations that should only be subject to relatively low energy inputs
from waves and currents were selected. Therefore, an armor layer was not included in the proposed
design. As the experiment progresses, potential erosion from ice scour, waves, and currents should
be periodically evaluated and used to support future designs.
The United States Department of Agriculture (USDA) Soil Conservation Service Soil Survey of
Houghton County Area, Michigan identifies that common upland soils in the vicinity of Torch
Lake have an organic matter content of one to three percent (%) in the upper few inches. Prior
testing by others of deeper intervals of similar local material yielded organic matter content of less
than one-half percent (%). The median organic matter content determined by McDonald in the
Torch Lake Area of Concern (AOC) Benthos Monitoring (Project #18-AOC-0008) was 5.8%. It
was also noted that “the spatial distribution of organic matter content was closely correlated with
the distribution of post-mining sediment thickness (i.e., sediment accumulation rates)”. Based on
this median organic matter content, it was considered worthwhile as part of a pilot-scale project to
evaluation the potential impact of organic matter content on colonization rates by applying a
habitat layer composed of native “bank run” loamy sand/sandy loam and such material with the
organic matter content increased to approximately 5%.
To protect the underlying contaminated sediments from disturbance due to bioturbation, the
overlying materials must either be thicker than the average maximum depth of bioturbation or the
design elements need to discourage or inhibit bioturbation at depth. Reference to the U.S. Army
Engineer Research and Development Center (ERDC) document Subaqueous Cap Design:
Selection of Bioturbation Profiles, Depths, and Rates identified that bioturbation in silty material
in a fresh water environment may typically occur up to 40 centimeters (15.75 inches) in depth.
This was considered the minimum thickness for the habitat layer.
The proposed design includes the following:
Locations:
Refer to Figure 3 for an overview of the proposed constructed wetland locations. Final locations
are subject to change based on pre-design studies.
Constructed Wetlands A is in a gently sloped stamp sand bottom area just north of the Mason
Sands. The drop-off is gradual and offers the ability to gently transition from submerged to
emergent and then water fringe vegetation. This location is offshore from privately owned land in
an area sediments with moderate copper concentrations. Refer to Figure 7.
Constructed Wetlands B is in a more steeply sloped area along the south edge of the delta where
Dover Creek empties into Torch Lake. This location offers the ability blend the proposed nearshore constructed wetland into an existing on-shore lowland area on the government-owned
Tamarack Sands. Sediments in this area have moderately low copper concentrations. Refer to
Figure 8.
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Size:
Each wetland area will be 100 feet wide and extend from the existing edge of the terrestrial cap to
4 feet (ft) below the ordinary high water mark of 602.6 ft International Great Lakes Datum 1955
(IGLD 55). Recent record surface water highs and lows will be taken into consideration during
final size and location design.
Habitat Layer:
Locally sourced loamy sand/sandy loam, 24-inches thick in-place, with one-half of each location
at native organic matter content (anticipated to be less than 1%) and half enhanced to 5% organic
matter by the addition of peat moss, mulch/compost, or other appropriate material.
Armoring:
As discussed above, armoring of the constructed wetlands is not proposed as part of the
experimental design.
Physical/Chemical Isolation Layer(s):
The habitat layer also serves as the physical and chemical isolation layer for purposes of the
experiment.
Amendment(s):
Organic matter shall be added to one half (one side) of the habitat layer to bring the content up to
approximately 5%.
Other:
While natural colonization of benthic organisms and macrophytes in the constructed wetlands is
anticipated to gauge potential enhancement of recovery rates, consideration should be given to
whether or not some plantings should occur, particularly plants that are tolerant of water energy
along the fringe zone transition from emergent to wet meadow-type habitat. It should be noted that
the design, as contemplated, does not use armor for wave attenuation. Instead, the habitat layer is
exposed to normal lake forces, with wave energy attenuated through run-up and by vegetation.
Coir logs are proposed along the shoreline with planting of live stakes of native water-tolerant
scrub/shrub species and native perennial grasses upland from the coir logs to provide a buffer and
transition to the existing vegetated terrestrial cap. Planting of non-persistent and perhaps persistent
emergent wetland species lake-ward of the coir logs in the littoral zone is also proposed. Guidance
is desired from stakeholders as to appropriate species and planting densities. The Monitoring Plan
will include reconnaissance for and removal of invasive species to aid appropriate vegetation
establishment over the course of the monitoring program.
The constructed wetland details will be refined during development of the design and construction
documents, taking into consideration the pre-design study findings and stakeholder input on the
experimental plan.
Cap Design Outline
A series of small-scale plots of various generalized sediment caps were conceptualized as a way
of pilot testing potential means of hastening the OU II ROD remedy in a manner that could provide
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a long-term solution. The test plots should decrease the bioavailability of copper, provide a “clean”
substrate for benthic colonization, and aid in fulfilling the following objectives:




Increasing the benthic community abundance and diversity to the point that the beneficial
use impairment can be removed;
Informing the review and potential modification of criteria targets to remove the beneficial
use impairment; and,
Collecting data necessary to support modeling as part of a design for long-term
enhancement of natural sedimentation simultaneous with experiment implementation.

Potential locations and certain design elements for test plot construction were discussed in some
detail during the charrette. Some of the proposed design details presented below deviate from the
approaches presented at the charrette in order to take larger advantage of locally available materials
and reduce mercury methylation concerns. The use of local material should provide a substrate
that is physically similar to native (pre-mining) sediments to best accommodate colonization by
indigenous benthic organisms. During the charrette consideration was given to inoculating the
substrate plots with invertebrate-rich substrate from elsewhere in the lake. However, given
stakeholder concerns over permitting and the potential that the sediments in the invertebrate rich
areas may be impacted with stamp sands and/or higher in organic compounds it was not pursued.
Consideration was also given to limiting the number of potential test plot variations to keep
construction demands reasonable. Instead of testing all potential variations, a focus was placed on
testing basic variants and using monitoring results to inform modeling efforts (seepage rates, pore
water concentrations, copper flux, erosional impacts, etc.) leading to a potential larger-scale
implementation if shown to be successful at hastening the ROD remedy. Each test plot location
will include the following compositions:






Un-capped control;
Sand;
Sand with apatite amendment;
Sand with steel slag amendment; and,
Loamy sand/sandy loam.

The proposed design includes the following:
Locations:
Refer to Figure 3 for an overview of the proposed Test Plot locations. Final locations are subject
to change based on pre-design studies.
Test Plot A is in approximately 4-6 ft of water on the north edge of the government-owned Mason
Sands just before the drop off into much deeper water. Sediments in this area have moderate copper
concentrations. Refer to Figure 4.
Test Plot B is on the north side of the former Hubbell slag dump where sediments have very high
copper concentrations. This location is also in approximately 4-6 ft of water on the edge of a very
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steep drop off into 40+ ft of water. Test Plot B will be positioned so it is outside of the area of PCB
impacts exceeding criteria. Refer to Figure 5.
Test Plot C is in approximately 6 ft or less of water on a gently sloping bench along the south side
of the municipally-owned Lake Linden Sands. Sediments in this area have moderate copper
concentrations. Refer to Figure 6.
Size:
Each test plot will include five, 8 ft by 8 ft sub-plots (one for each composition plus the control).
To aid in managing sub-plot size, a frame may be utilized at each test plot location to maintain a
consistent placement footprint and facilitate side-by-side construction. The frame will be removed
following material placement.
Thickness
Each sub-plot will be 2 ft in total thickness. A sloped buffer of sand will be placed around the
perimeter prior to removing the frame(s) to ensure a full 2 ft thickness across the 8 ft square subplots. If frames are not used, additional cap material for each respective sub-plot will be used to
provide the sloped buffer.
Habitat Layer:
For the non-amended sub-plots, the full depth of the material will serve as the habitat and
physical/chemical isolation layers. For the amended sub-plots, the amendment will only be applied
to the bottom 1 ft of the cap, leaving the upper 1 ft to serve as the habitat layer.
Armoring:
Armoring will not be employed. It is intended that the test plots will be placed such that wave and
current energy and ice scouring should not be significant factors.
Physical/Chemical Isolation Layer(s):
For the non-amended sub-plots, the full depth of the material will serve as the habitat and
physical/chemical isolation layers. For the amended sub-plots, the amendment will only be applied
to the bottom 1 ft of the cap which will serve as the physical/chemical isolation layer.
Amendment(s):
Based on the 2014 US Army Corp of Engineers (USACE) Engineer Research and Development
Center (ERDC) In-Situ Sediment Treatment document, finely ground steel slag and Apatite IITM
demonstrated the highest sorption capacity for copper. The source of the steel slag was not
indicated in the report. ERDC will be contacted in an effort to identify the source of the steel slag
used in their studies. For the steel slag amended sub-plots, 100 pounds of steel slag will be
thoroughly mixed into the bottom 1 ft of sand prior to placement. This equates to an application
rate of approximately 1.4% and was generated using a copper flux of 56.5 micrograms per square
centimeter per year (g/cm2/yr) from Sediment Core Studies of Biotic Recovery Following Mining
Perturbations in Torch Lake (Superfund Site) by Kerfoot, et.al. 2007 and an estimated sorption
capacity of 0.08 milligrams (mg) of copper per gram (g) of steel slag at an initial copper
concentration of 0.96 milligrams per liter (mg/L) from the batch sorption tests reported in the 2014
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ERDC In-Situ Sediment Treatment. This initial copper concentration is similar to pore water
copper concentrations reported by Kerfoot et. al. 2007.
The ERDC report also notes that the Apatite IITM “was obtained from the manufacturer and then
boiled, bleached, baked, and infused with Fe” (iron). This level of processing is likely to be
prohibitive for a potential large-scale implementation so a phosphate mineral form of apatite will
be used for the experimental implementation. Apatite will be mixed into the bottom 1 ft of sand at
a similar concentration of 1.4% (100 pounds) prior to placement of the apatite amended sub-plots.
Other:
Natural colonization of benthic organisms and potentially macrophytes in the test plots is
anticipated to gauge potential enhancement of recovery rates. Planting of macrophytes is not
proposed.
The cap details will be refined during development of the design and construction documents,
taking into consideration the pre-design study findings and stakeholder input on the experimental
plan.
Monitoring Plan Outline
To determine the potential to improve the density and diversity of the Torch Lake benthic
community, pre, during, and post construction surveys/monitoring in the capping and/or
constructed wetlands test areas will be conducted. The monitoring plan will fill the critical
experimental plan data gaps and be synergistic with the longer term data needs, and include:

Data Collection
Bathymetry
Benthic community abundance/diversity monitoring
Toxicity testing of sediments
Groundwater monitoring
Pore-water monitoring
Bulk Chemistry for metals

Pre-Construction
X
X
X
X
X
X

Frequency
During Construction

X
X

Post-Construction
X
X
X
X

A detailed monitoring plan will be developed based on stakeholder input on the experimental plan
and distributed for further stakeholder input.
Quality Assurance/Quality Control Plan (QAPP)
Utilizing the results of the summit-derived experimental plan a concise Project task-specific QAPP
will be developed to guide the design process.
Pre-Design Studies
Pre-design studies including the baseline and critical data studies will be completed concurrent
with experimental plan design.
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Permitting
Design documents will identify permit requirements including, but not limited to, a USACE and
EGLE Joint Permit.
Schedule
Figure 9 depicts the major experimental plan implementation steps with a tentative conceptual
timeline. The actual timeline will be subject to multiple considerations therefore it will be refined
as the Project progresses.
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Tentative Experimental Plan Schedule
ID

Task Name
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Duration

Start

Finish
M

Technical Summit
Experimental Plan Design
Develop Experimental Plan
Stakeholder Review and Finalization of
Experimental Plan
Monitoring Plan Design
Develop Monitoring Plan
Stakeholder Review and Finalization of Monitoring
Plan
Pre‐Design Studies
Initiate Baseline/Critical Data Gathering
Assimilate Critical Data to Support Design
Design for Implementation of Experimental Plan
Preliminary Design
Preliminary Final Design
Contracting
Permitting
Oversight of Experimental Plan Construction
Activities
Construction Activities
Activities Summary Report
Monitoring of Experimental Plan
Evaluate Large Scale Implementation

Project: Project Schedule
Date: Wed 5/8/19

3 days
56 days
36 days
20 days

Tue 4/9/19
Fri 4/12/19
Fri 4/12/19
Mon 6/3/19

Thu 4/11/19
Fri 6/28/19
Fri 5/31/19
Fri 6/28/19

56 days
36 days
20 days

Fri 4/12/19
Fri 4/12/19
Mon 6/3/19

Fri 6/28/19
Fri 5/31/19
Fri 6/28/19

45 days
25 days
20 days
65 days
25 days
20 days
40 days
65 days
70 days

Mon 7/1/19
Mon 7/1/19
Mon 8/5/19
Mon 7/1/19
Mon 7/1/19
Mon 8/5/19
Mon 8/5/19
Mon 7/1/19
Mon 9/30/19

Fri 8/30/19
Fri 8/2/19
Fri 8/30/19
Fri 9/27/19
Fri 8/2/19
Fri 8/30/19
Fri 9/27/19
Fri 9/27/19
Fri 1/3/20

25 days
46 days
190 days
70 days

Mon 9/30/19
Fri 11/1/19
Mon 1/6/20
Mon 9/28/20

Fri 11/1/19
Fri 1/3/20
Fri 9/25/20
Fri 1/1/21

A

M

J

Half 2, 2019
J
A

S

O

N

D

Half 1, 2020
J
F

M

A

Task

Project Summary

Manual Task

Start-only

Deadline

Split

Inactive Task

Duration-only

Finish-only

Progress

Milestone

Inactive Milestone

Manual Summary Rollup

External Tasks

Manual Progress

Summary

Inactive Summary

Manual Summary

External Milestone
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