June 6, 2022

Colonel Karl Jansen Submitted to: USACE-PolyMet-401a2@usace.army.mil
U.S. Army Corps of Engineers

St Paul District

Regulatory Division

ATTN: Desiree Morningstar

180 East 5th Street, Suite 700

St Paul, MN 55101

Re:  PolyMet Mining, Inc. Section 404 Permit
Fond du Lac Band of Lake Superior Chippewa Section 401(a)(2) Objection
MVP-1999-05528-TJH

Dear Colonel Jansen:

The Minnesota Center for Environmental Advocacy (“MCEA”) is a nonprofit
environmental advocacy organization with offices in St. Paul and Duluth. Since 1974, MCEA has
defended Minnesota’s natural resources, water, air and climate, and the health and welfare of
Minnesotans. MCEA is driven by the principle that everyone has a right to a clean and healthy
environment, and that decisions must be based on science and the law. MCEA is joined in this
comment by Friends of the Boundary Waters Wilderness (“Friends”). For over forty years, Friends
has been the leading voice for the ongoing protection, preservation, and restoration of the
Boundary Waters Canoe Area Wilderness and the Superior National Forest. This comment is also
submitted on behalf of the Center for Biological Diversity, Duluth for Clean Water, and MN 350.
This comment is supported by two new expert reports, i.e., Myrbo (2022) and Johnson, Campbell
and Stahnke (2022),' and other expert analysis and scientific studies as referenced and attached.

MCEA has reviewed the record supporting the PolyMet Mining, Inc. (“PolyMet”) 404
permit application and the U.S. Army Corps of Engineers (“Army Corps”) proposed 404 permit
(“Permit”). Based on this review, MCEA supports the Fond du Lac Band of Lake Superior
Chippewa’s (“Band”) scientific analysis and conclusion that the Army Corps must deny the Permit
and that there are no conditions that could be added to the Permit that would allow it to be issued.
MCEA also concludes that the Army Corps’ governing authorities prohibit the issuance of the
Permit based on this record.

I. LEGAL BACKGROUND

The Clean Water Act (“CWA”) imposes substantive requirements on projects under
consideration for permitting by the Army Corps. The purpose underlying the CWA 404(b)(1)

! Myrbo (2022) is Attachment 1 and Johnson, Campbell, and Stahnke (2022) is Attachment 2.
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Guidelines (codified in 40 C.F.R. Part 230) is “to restore and maintain the chemical, physical, and
biological integrity of waters of the United States through the control of discharges of dredged or
ill material.” 40 C.F.R. § 230.1(a). Accordingly, the Army Corps is prohibited from approving a
project where (1) “there is a practicable alternative to the proposed discharge which would have
less adverse impact on the aquatic ecosystem;? (2) the discharge would cause or contribute to
violations of any applicable State® water quality standard, applicable toxic effluent standard or
prohibition, or jeopardize the continued existence of endangered or threatened species;* or (3) the
discharge would cause or contribute to significant degradation of the waters of the United States,
including significantly adverse effects of the discharge of pollutants on human health or welfare
or aquatic life or other aquatic dependent wildlife, and on recreational, aesthetic, and economic
values. 40 C.F.R. § 230.10(c). Similarly, under section 404(c) of the CWA, the U.S. Environmental
Protection Agency (“EPA”) can stop the Army Corps from issuing a permit if EPA finds that the
project “will have an unacceptable adverse effect on municipal water supplies, shellfish beds and
fishery areas (including spawning and breeding areas), wildlife, or recreational areas.” CWA §
404(c), 33 U.S.C. § 1344(c).

The 404(b)(1) Guideline regulations state that “dredged or fill material should not be
discharged into the aquatic ecosystem, unless it can be demonstrated that such a discharge will not
have an unacceptable adverse impact either individually or in combination with known and/or
probable impacts of other activities affecting the ecosystem of concern.” 40 C.F.R. § 230.1(c).
“The guiding principle should be that degradation or destruction of special sites may represent an
irreversible loss of valuable aquatic resources.” 40 C.F.R. § 230.1(d). “Special aquatic sites” are
defined as “geographic areas, large or small, possessing special ecological characteristics of
productivity, habitat, wildlife protection, or other important and easily disrupted ecological values.
These areas are generally recognized as significantly influencing or positively contributing to the
general overall environmental health or vitality of the entire ecosystem of a region.” 40 C.F.R. §
230.43(m). Wetlands are considered a “special aquatic site” under 40 C.F.R. § 230.41.

The Army Corps cannot issue a permit until it determines that “the information in the
project file” on the material to be discharged “is sufficient to provide the documentation required
by [40 C.F.R.] § 230.11.” 40 C.F.R. § 230.5(g). If there is a reasonable probability that the material
will have chemical contamination, appropriate testing must be conducted. 40 C.F.R. § 230.5(1).
Under 40 C.F.R. § 230.11, the Army Corps “shall determine in writing the potential short-term or
long-term effects of a proposed discharge of dredged or fill material on the physical, chemical, and
biological components of the aquatic environment in light of subparts C through F.” This includes
determining the degree to which the material proposed for discharge will introduce, relocate, or
increase contaminants. 40 C.F.R. § 230.11(d). This determination shall consider “the material to
be discharged, the aquatic environment at the proposed disposal site, and the availability of
contaminants.” /d. The determination must also consider “secondary effects” that are associated

240 C.F.R. § 230.10(a).

340 C.F.R. § 122.2 (“State” is defined to include Indian Tribes, such as the Band, given
“treatment as a state status” under 40 C.F.R. § 123.31).

440 C.F.R. § 230.10(b)(1)-(3).
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with a discharge of dredged or fill materials, but do not result from the actual placement of the
dredged or fill material. 40 C.F.R. § 230.11(h).

Under the Army Corps’ regulations, an individual permit must include “special conditions”
that (a) “[i]dentify the party responsible for providing the compensatory mitigation;” (b)
“[i]ncorporate, by reference, the final mitigation plan approved by the district engineer;” (c)
“[s]tate the objectives, performance standards, and monitoring required for the compensatory
mitigation project, unless they are provided in the approved final mitigation plan;” and (d)
“[d]escribe any required financial assurances or long-term management provisions for the
compensatory mitigation project, unless they are specified in the approved final mitigation plan.”
33 C.F.R. § 332.3(k)(2)(1)-(iv).

II. FACTUAL BACKGROUND

PolyMet proposes to build Minnesota’s first sulfide mine, based on a 32,000 ton per
day/20-year mine plan. Under PolyMet’s plan, target ore would be removed by open pit mining,
necessitating the complete destruction of over 900 acres of surface vegetation in an area of
wetlands and headwater streams, i.e., the St. Louis River Headwaters Site.® In a March 2007 study
of the ecological significance of this site, the Minnesota Department of Natural Resources
(“DNR”) stated that “[t]he Headwaters Site is unique in northeastern Minnesota in several ways.
The size and complexity of the peatlands in the Extensive Peatlands are unmatched in the Northern
Superior Uplands Ecological Land Classification System (ECS) Section.”® In general, headwater
streams and wetlands are integral components of watersheds that are critical for biodiversity,
fisheries, ecosystem functions, natural resource-based economies, and human society and culture.’
As acknowledged by EPA, this site has a “continuous hydrologic connection to the Fond du Lac
Reservation” and “scientific literature unequivocally demonstrates that streams, individually or
cumulatively, exert a strong influence on the integrity of downstream waters.”® EPA also notes
that the Band’s waters are at the bottom of the watershed “where the impact of cumulative loadings
from the multiple sources of sulfates in the Embarrass and Partridge rivers may have an additive
impact on water quality.”® The St. Louis River estuary, including Band waters, is an “Area of
Concern” because of impairments, and the St. Louis River segment at the exterior boundary of the

5 The site is defined as the Northern Superior Uplands/Laurentian Uplands of Lake and St. Louis
Counties, including the Partridge River headwaters area at issue here. See DNR, An Evaluation of
the Ecological Significance of the Headwaters Site: Northern Superior Uplands Ecological Land
Classification System Section; Laurentian Uplands Subsection Lake and St. Louis Counties,
Minnesota (2007). (Attachment 3).

®1d at1.

7 Susan A. R. Colvin et al., Headwater Streams and Wetlands are Critical for Sustaining Fish,
Fisheries, and Ecosystem Services, Fisheries, Feb. 2019, at 74. (Attachment 4).

8 EPA, Application of Region 5’s CWA 401(a)(2) “May Affect” Screening Analysis for Polymet’s
NorthMet Mining Project, 6 (June 2021).

°1d. at7.
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Band’s reservation is listed for mercury in Minnesota’s 2020 CWA section 303(d) impaired waters
list.'

The Final Environmental Impact Statement (“FEIS”) states that the NorthMet Mine would
cause the permanent loss of 913.8 acres of wetlands within the St. Louis River Headwaters Site
because of filling and excavation at the Plant Site and the Mine Site, and because of installation of
a containment system within the wetland boundary.!! The activity will also directly partially
impact wetlands causing the loss of an additional 26.9 acres.'? A portion of a unique large wetland
area called the “One Hundred Mile Swamp” would be directly impacted to enable PolyMet to
access mineral deposits by open-pit mining.'?

In addition to direct impacts, activities related to the proposed mine would have “indirect”
impacts on wetlands, including:

1) wetland fragmentation, 2) changes in wetland hydrology as a result of changes
in the watershed area, 3) changes in wetland hydrology due to groundwater draw
down from open pit mine dewatering, 4) changes in wetland hydrology from
groundwater drawdown resulting from operation of the Plant site, including
groundwater seepage containment, 5) changes in stream flow near Mine Site and
Plant site and associated effects on abutting wetlands, [and] 6) changes in wetland
water quality from atmospheric deposition of dust and rail car spillage.'*

The FEIS calculated that mining activities would indirectly destroy and degrade either 7,694.2
acres or 6,568.8 acres of wetlands, depending on the evaluation method.!> Approximately two-
thirds of the wetlands impacted by the drawdown of the water table are minerotrophic, or
groundwater fed.'®

107d at 10-11.

' Minnesota DNR et al., NorthMet Mining Project and Land Exchange Final Environmental
Impact Statement (hereafter “FEIS”), ES-36 (Nov. 2015).

12 Id. at ES-37.

13 Id. at 5-424. Underground mining is not technically infeasible and was initially considered
during environmental review as an alternative. Id. at 3-146. But PolyMet rejected underground
mining because PolyMet claimed it was not financially feasible to recover the target minerals with
this less-invasive method. Id. at 3-148, 3-157. The FEIS lead agencies did not dispute this
assessment and eliminated the alternative. Id. at 2-8. See also
https://files.dnr.state.mn.us/input/environmentalreview/polymet/feis/016_appendix b _undergrou
nd_mining_alternative position_paper.pdf (concluding that underground mining is technically
feasible but that it was economically infeasible, and therefore did not meet the “Purpose and Need”
for the project.

1 1d. at 5-257.

S

61d. at 5-319. Although it otherwise relies heavily on the FEIS, PolyMet now denies these
statements, claiming that areas to be occupied by the mine pits and waste rock piles are
ombrotrophic, i.e., they receive their water from direct precipitation. Comments of PolyMet
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To “mitigate” wetlands directly impacted, PolyMet proposes to purchase wetland credits.
However, PolyMet has not assessed indirect impacts to wetlands, but concludes that “the potential
for water level drawdown in Mine Site wetlands is low, and the aerial extent of drawdown. . . is
...minimal,” relying on predictions in the environmental review documents and literature.!’
PolyMet believes that its project will reduce mercury and sulfate loading to the St. Louis River.'®
To reach this conclusion, PolyMet relies on its tailings to act as a mercury “sink” for the wastewater
streams that PolyMet will dispose in the tailings basin.!” PolyMet also relies on the efficacy of a
seepage collection system that it proposes to install to intercept seepage from the tailings basin to
prevent mercury and sulfate from migrating to surface waters.?® Finally, PolyMet relies on the
efficacy of its wastewater treatment system in support of its optimistic conclusion that the tailings
basin seepage collection system will reduce existing contamination.?! But, as discussed below,
these conclusions are unjustified because it is highly unlikely that PolyMet will be able to construct
its seepage collection system as proposed, that the level of contamination in that wastewater will
be controlled as predicted, or that these controls will function at the levels required over the
essentially endless time the tailings basin seepage capture system will be required to function.

ITI. ANALYSIS

1. Water Quality Impacts Attributable To Indirectly Impacted Wetlands Are
Inadequately Studied And Have The Potential To Cause Or Contribute To
Exceedances Of Band Water Quality Standards.

Mining, Inc. to EPA Regarding Downstream Water Quality-Exhibit 1: Declaration of Cliff
Twaroski, 20 (April 23, 2021) (hereinafter “Twaroski Decl.”). This dispute illustrates the lack of
information on this important issue. But PolyMet also admits that “some wetlands near the pit rim
may be affected by pit development and dewatering.” Id. at 21. PolyMet admits that 46 acres of
wetlands have a “High Likelihood” of being affected. /d. PolyMet attempts to downplay the
significance of this (noting that it is <1% of the wetland acreage at the Mine Site) but as this is just
the “High Likelihood” wetlands, and other impacts are likely, this is a weak point at best. /d.

17 Twaroski Decl. at 19.

18 Comments of PolyMet Mining, Inc. to EPA Regarding Downstream Water Quality, 9, 16
(April 30, 2021) (hereinafter “PolyMet Comments”); PolyMet Testimony (May 4, 2022),
https://www.youtube.com/playlist?]list=PLKn9TM2TouW SMx3xulypKiBdqcQ6rcFnJ
(hereinafter “PolyMet Testimony™).

19 Twaroski Decl. at 10-11; PolyMet Testimony.

20 PolyMet Testimony.

21 Id. PolyMet plans to use the tailings basin to store a variety of wastestreams, including water
collected by the tailings basin seepage collection system. FEIS at 3-125. Although PolyMet plans
to direct treated water to the tailings basin, many untreated wastewater streams will also be
directed there, including construction mine water and runoff from the “OSLA.” PolyMet Mining,
NorthMet Project Comprehensive Water and Wetland Monitoring Plan, 7-8 (April 2022)
(describing the handling of “mine water” and “construction mine water”).
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The Band submitted significant expert evidence that the PolyMet project’s indirect impacts
to wetlands are inadequately studied and that these indirect wetland impacts will cause or
contribute to violation of the Band’s water quality standards. The EPA agreed.?? The commentors’
experts support the Band and EPA’s analysis, as described below.

A. Current information is inadequate to support issuance of the Permit.

Despite regulations requiring the Army Corps to have adequate information (40 C.F.R. §
230.11) before actions are taken that impact “special areas” such as the Headwaters Site, the Army
Corps issued the Permit without obtaining information on indirect wetland impacts near the mining
site. Without this information, the Army Corps lacks the data necessary to assess downstream
water quality impacts, including impacts that could cause or contribute to exceedances of the
Band’s water quality standards, or to establish any new conditions that would ensure compliance
with the Band’s water quality requirements. As a result, the Army Corps must deny the Permit
unless and until adequate information is developed, which would need to be analyzed and disclosed
in a supplement to the FEIS.

EPA, the Minnesota Pollution Control Agency (“MPCA”), and the Army Corps itself have
all admitted that there is inadequate information regarding water quality impacts from indirectly
impacted wetlands. With regard to such indirect wetland impacts, EPA notes that the MPCA’s 401
Certification “consist[s] of monitoring requirements and potential responses to water quality
effects if and when they are detected, suggesting that MPCA thought it possible that such effects
may occur.”” MPCA candidly admits in its analysis of PolyMet’s application that the data
necessary to establish the limits necessary to protect these wetlands simply does not exist currently
and “[t]he probability of accurately specifying the location, extent, or degree of wetland impacts
from the drawdown effect of the proposed mine pit prior to construction is very low.”?* The Army
Corps’ Record of Decision (“ROD”) supporting this action does not differ, openly acknowledging
that “[i]ndirect effects caused by the discharge of dredged and fill material into wetlands, including
changes to wetland hydrology, are difficult to model and accurately predict because of the complex
mixes of bedrock, surficial deposits, and wetland soils at the Mine Site.”>> The Corps further
admits in the ROD that impacts were not characterized other than to inform where monitoring
should take place.?® The proposed Permit only addresses these impacts in terms of monitoring for
vegetative impacts and potential future mitigation in the form of “credits” for the indirectly

22 See EPA Region 5 Testimony (May 4, 2022), https://www.youtube.com/playlist?list=PLKn9
TM2TouWSMx3xulypKiBdqcQ6rcFnl.

23 EPA, Application of Region 5’s CWA 401(a)(2) “May Affect” Screening Analysis for Polymet’s
NorthMet Mining Project, 11 (June 2021).

24 Id. at 34 (quoting MPCA, Clean Water Act Section 401 Water Quality Certification Program
Fact Sheet [for PolyMet Mining, Inc.], at 10.).

23 Army Corps, Record of Decision for NorthMet, 7.

21d. None of the agencies credited PolyMet’s “Cross-Media Analysis” as adequately identifying
these impacts.



Colonel Karl Jansen
June 6, 2022
Page 7

damaged wetlands.?” Water quality impacts—including in relation to the Band’s water quality
standards—from these indirectly-impacted wetlands are simply not assessed at all. In similar
settings, courts have rejected reliance on post-action monitoring. See Friends of the Earth v. Hall,
693 F. Supp. 904, 925 (W.D. Wash. 1988) (monitoring of disposal site rejected).

Dr. Amy Myrbo, an expert on the impacts of sulfate on water chemistry, has reviewed the
existing scientific analysis of potential impacts from the project and concluded that analysis fails
to adequately address the impacts of sulfate.?® Based on her research, sulfate-reducing bacteria
(SRB) are responsible for both the conversion of inorganic mercury to methylmercury (as
described in the record for this proceeding), but also for the release of compounds released during
the “mineralization” of organic matter by SRB converting sulfate to sulfide. She predicts that this
“[o]rganic matter mineralization could have negative effects on several water quality parameters,
including nutrients, inorganic mercury, and dissolved organic carbon.”” She also predicts that the
nutrients discharged “have the potential to cause eutrophication in the rivers and lakes to which
sulfate would be discharged, and to potentially cause an exceedance of the Fond du Lac Band’s
water quality standards.”>°

Dr. Myrbo also notes that there is another biogeochemical factor that has not been
adequately assessed with regard to mercury methylation: cobalt.>! Cobalt has been implicated in
the inorganic methylation of mercury, and “an increase in cobalt can directly cause an increase in
the methylmercury production and its abundance in the environment.

B. The Corps cannot approve this project on the basis of existing
information.

Changes to wetland hydrology impact water quality. As detailed in existing reports
prepared for the Band, PolyMet and state agencies, changes to the hydrology of wetlands can
increase the discharge of mercury, which can bioaccumulate and cause exceedance of water quality
standards (i.e., mercury in fish tissue) downstream from the discharge area. But, as described
above, other impacts are also likely, such as an increase in nutrients caused by disruptions to the
“hyporheic zones” where most nutrients are processed.>’> Headwater streams and associated
wetlands both retain and transform excess nutrients, thereby preventing them from travelling
downstream.

27 Army Corp, 404 Permit Issued to PolyMet Mining, Inc., 99 16-33 (Mar. 21, 2019) (No. MVP-
1999-05528-TJH).

28 Myrbo (2022) Attachment 1.

2 Id. at 1-2.

301d. at 2, 3.

31 d. at. 3.

2 1d.

33 See Judy L. Meyer et al., Where Rivers are Born: The Scientific Imperative for Defending
Small Streams and Wetlands, 8 (2003). (Attachment 5).

3 d. at 12-13.
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These facts—coupled with agency admissions of lacking data—mean that the Permit
cannot proceed. The Army Corps is allowed to use “best professional judgment” in assessing
impacts to streams under 40 C.F.R. § 230.11, and the efficacy of mitigation measures to reduce
impacts. See Ohio Valley Env't Coal. v. Aracoma Coal Co., 556 F.3d 177,200-201 (4th Cir. 2009)
(Court will defer to Army Corps’ method of assessing the structure and function of the affected
aquatic ecosystem). But no case suggests that it is acceptable for the Army Corps to issue a permit
based on post hoc monitoring and unspecified future mitigation. See Friends of the Earth, 693 F.
Supp. at 937 (reliance on monitoring after-the-fact disallowed); Kentucky Riverkeeper, Inc. v.
Rowlette, 714 F.3d 402, 412 (6th Cir. 2013) (post-issuance mechanisms do not explain how the
Army Corps arrived at its preissuance minimal cumulative-impact findings). Indeed, federal cases
dealing with analogous permits establish that a permit condition that fails to define what is allowed
cannot be rescued by after-the-fact monitoring and reporting requirements. Ctr. for Biological
Diversity v. Bureau of Land Mgmt., 422 F. Supp. 2d 1115, 1140 (N.D. Cal. 2006) (vague term
defining allowable “take” of desert tortoises not improved by after-the-fact monitoring and
reporting where standard required). Similarly, the proposed Permit is deficient from a procedural
due process standpoint because the public cannot comment on the key plans, nor assess whether
those plans would result in compliance with the Band’s water quality standards or indeed state
water quality standards. See Waterkeeper All., Inc. v. U.S. Envtl. Prot. Agency, 399 F.3d 486, 499,
503-04 (2d Cir. 2005) (nutrient management plans must be reviewable). While monitoring may be
acceptable to confirm mitigation is succeeding, it is not acceptable to determine whether impacts
are occurring in the first place. These impacts must be identified before permit issuance.

C. PolyMet’s adaptive management plan is inadequate and does not
substitute for information adequate to prevent impacts.

In defense of its Permit, PolyMet asserts that it will address any problems that are
discovered through monitoring by ‘“adaptive management.” PolyMet’s “adaptive management”
plans should not be accorded any weight. First, as the Band pointed out in its testimony, “adaptive
management” takes place only after negative impacts are detected and does not prevent those
impacts. Second, although the proposed Permit makes reference to adaptive management, no
adaptive management plan specific to this issue is attached to the Permit. In fact, as described in
the MPCA’s 401 Certification’s antidegradation analysis, adaptive management consists only of
more monitoring,” and does not include the elements necessary for a valid “adaptive
management” plan. The Army Corps’ own guidance on adaptive management emphasizes:

3Shttps://www.pca.state.mn.us/sites/default/files/wq-wwprm1-51hh.pdf. Section 4.B of PolyMet’s
401 Certification antidegradation assessment is “Adaptive Management.”
https://www.pca.state.mn.us/sites/default/files/wq-wwprm1-51c.pdf It provides that “if indirect
impacts are observed, additional monitoring may be developed to focus on those areas and/or to
focus on a specific impact factor.” Section 4.4 then notes that, after a second undefined “phase” of
monitoring, the results “will be used to determine any need for additional mitigation or to develop
a plan to control the changes identified in Phase I and minimize future impacts to wetlands.”
PolyMet complains that this monitoring exceeds other mining or industrial operations, but
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It demands the clear statement of objectives, identification of management
alternatives, predictions of management consequences, and recognition of
uncertainties. Stakeholder engagement, monitoring of resource response, and
modeling are obligatory, as is a governance process that ensures new knowledge is
operationalized through decision making.>®

The adaptive management plan described in the Army Corps’ ROD does not identify management
alternatives, their consequences, and uncertainty. And there certainly has been no “stakeholder
engagement” because that “stakeholder engagement” would have involved close coordination of
adaptive management plan development with the Band’s scientists, which simply did not happen
here.

D. PolyMet’s Reliance On Its Proposed Water Capture, Control And
Treatment Is Unfounded.

In defense of its Permit, PolyMet testified that the Band and EPA have failed to account
for the offsetting mitigation that PolyMet’s tailings basin seepage capture system and wastewater
treatment system will provide.’” But PolyMet failed to tell the Army Corps that the Minnesota
Supreme Court recently rejected the centerpiece of its plan to control seepage and reactivity in the
tailings basin, sending PolyMet’s permit to mine back to DNR for a contested case hearing.
Similarly, experts who have recently examined PolyMet’s proposed tailings basin seepage capture
system have questioned whether it can be constructed as proposed. Until these issues are finally
resolved, the Army Corps should not make any decisions with regard to this Permit.

i. The “bentonite plan” is unproven.

Both MPCA* and the DNR relied on PolyMet’s proposal to control acid mine drainage
from developing in the tailings basin by “amending” the surfaces of the tailings basin dam and

evidently fails to recognize that, as a new mine, and as a mine proposing to mine a reactive ore
with higher pollution potential, it is appropriate that it establish better data.

36 J. Craig Fischenich et al., 4 Systems Approach to Ecosystem Adaptive Management: A USACE
Technical Guide, 4 (Nov. 2019). (Attachment 6).

37 See PolyMet Testimony (May 4, 2022), https://www.youtube.com/playlist?list=PLKn9TM2To
uWSMx3xulypKiBdqcQo6rcFnl.

3MPCA, National Pollutant Discharge Elimination System/State Disposal System (NPDES/SDS)
Permit  Program  Fact  Sheet  (NorthMet  Project) January 31, 2018,
https://www.pca.state.mn.us/sites/default/files/wqg-wwprm1-51gg.pdf In its  groundwater
nondegradation preliminary determination, MPCA specifically identified PolyMet’s bentonite
amendment as an engineering control that will result in compliance with MPCA’s groundwater
rule, Minn. R. 7060.0400, noting “PolyMet has also proposed additional engineering controls to
reduce the potential for seepage through the unlined Tailings Basin that includes the installation
of bentonite amendments to the tailings dams, Tailings Basin beaches and pond bottom.” MPCA,
PolyMet  Mining, Inc. Groundwater Nondegradation Evaluation-Preliminary MPCA



Colonel Karl Jansen
June 6, 2022
Page 10

“beaches” and by adding bentonite to the bottom of the permanent pond PolyMet proposes to
maintain after closure (“bentonite plan”). However, in its April 2021 decision, the Minnesota
Supreme Court concluded that DNR did not have substantial evidence to determine whether
PolyMet’s bentonite plan was practical and workable or whether it satisfied rules applicable to
storage of reactive mine waste. In re NorthMet Project Permit to Mine Application (“NorthMet”),
959 N.W.2d 731, 753-54 (Minn. 2021). The Minnesota Supreme Court concluded the following:

e DNR had failed to present evidence that the bentonite plan “has been tested” and “will
be effective.” In contrast, the contested case petitions included “a bevy of evidence”
including statements by DNR’s own experts and external consultants that contradicted
the DNR’s findings on effectiveness.

e The DNR wholly failed to address concerns about how the proposed sodium bentonite
could react with multivalent cation species in the pond water, resulting in a cation
exchange that could reduce the effectiveness of the bentonite by up to seventy percent.

e The DNR’s proposed special conditions in the permit to mine, which require PolyMet
to prove the effectiveness of the bentonite amendment before construction may begin
on the tailings basin dam, are not an effective substitute for the substantial evidence
required to support the DNR’s decision.

e The effectiveness of the bentonite amendment is critical in preventing oxygen and
water from reaching the stored tailings and ensuring the NorthMet project’s compliance
with the DNR’s reactive waste rule (Minn. R. 6132.2200, subp. 2(B)(2)).

e The DNR’s findings about the effectiveness of the bentonite amendment on the beaches
and dam face rest on a study that is not part of the record.

e The record is entirely devoid of any evidence to support the DNR’s finding that the
pond-bottom bentonite cover will be effective in reducing water infiltration and
maintaining a permanent pond.

Determination, 5, https://www.pca.state.mn.us/sites/default/files/wg-wwprm1-51p.pdf. MPCA
then found “[t]hese combined engineering controls would abate existing pollution, maximize the
possibility of rehabilitating the existing degraded groundwater, and minimize longer term effects
to groundwater quality in accordance with the policies set forth in Minnesota Rule 7060.0400.” /d.
MPCA also assumed the bentonite amendment would minimize water-quality degradation
consistent with MPCA’s “antidegradation” rules. MPCA, PolyMet Mining, Inc. NPDES
Antidegradation — Review-Preliminary ~ MPCA  Determination, 26 (Jan. 10, 2018),
https://www.pca.state.mn.us/sites/default/files/wq-wwprm1-51n.pdf (listing “[b]entonite addition
to the Tailings Basin dams, beaches and pond bottom to reduce infiltration into the tailings and the
amount of seepage wastewater generated” to conclude that PolyMet minimized impacts). Finally,
the modeling data MPCA relied upon to evaluate the Tailings Basin’s environmental controls
assumed the efficacy of the bentonite amendment. FEIS 5-47. PolyMet’s GoldSim model for the
Plant Site includes a conductance term to simulate the bentonite amendment. /d. at 5-71.
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See NorthMet at 731, 753-54. As a result, the Minnesota Supreme Court directed DNR to convene
a contested case hearing on these issues. /d. at 759-60. This proceeding has begun but no trial date
has been established.

If the bentonite plan does not work as intended, the tailings basin may generate leachate
containing higher levels of pollutants than assumed in the FEIS. These higher pollutant levels may
affect the ability of the planned treatment system to treat the wastewater as designed, but also
would negatively affect PolyMet’s assumptions of pollutant loadings to the Embarrass River.
Because the Minnesota Supreme Court has determined that the DNR lacked substantial evidence
in support of its conclusions, and this holding directly impacts MPCA’s conclusions regarding
water quality, PolyMet’s assertion that the state permitting process supports its claims about water
quality is false, and therefore the Army Corps should not issue the proposed Permit. See 40 C.F.R.
§ 230.5(g) (requiring adequate information in support of the application).

ii. The seepage collection system, even if feasible, will not work as
planned.

To control seepage of polluted water from the tailings basin, PolyMet plans to construct a
seepage capture system which consists of a 4.5 mile long “cut-off wall” or “slurry wall” that will
be “keyed” into the bedrock to prevent seepage under the wall. PolyMet proposes to capture the
polluted groundwater that the wall will (if it works) block and send it to the wastewater treatment
facility or back into the tailings basin (see figure 1 below). PolyMet proposes to construct the
“cutoff wall” using in-situ construction techniques, i.e., using equipment that mixes native soils
with bentonite in a continuous process instead of pouring a prepared bentonite/soil mix into a
trench.

Figure 1: PolyMet Tailings Basin Seepage Collection System Plan and Side Views®’
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39 FEIS at 3-121-2.
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The performance of the seepage containment system was key to the FEIS’s conclusions
that seepage from the Tailing Basin would not result in destruction of natural resources, and
apparently is key to PolyMet’s position that its proposed project would have no impact on the
Band’s water quality standards.

MCEA recently requested Dr. Michael Malusis, a noted academic expert in slurry wall
construction and performance, to review PolyMet’s construction plans.*® Dr. Malusis concluded
that:

e The subsurface conditions along the length of the proposed cutoff wall alignment have
not been adequately characterized based on industry standards. Based on the limited
information available, there is significant variability in the bedrock elevation making it
unlikely that the flotation tailings basin seepage containment system can be
successfully keyed to the bedrock along the entire bottom of the cutoff wall,
particularly given the proposed “trenchless” construction method.

e Establishing an adequate key for the cutoff wall in the fractured granite bedrock likely
will not be feasible. It will be difficult, if not impossible, to achieve an adequate key of
two feet or more (especially with trench cutting methods) in hard (granite) bedrock
such as is present here. In fact, efforts to create the key could cause more fractures to
form in the rock.*!

In addition, Dr. Malusis observed:

e  The proposed monitoring system intended to ensure that the FTB seepage containment
system is functioning does not meet industry standards because the number of
monitoring stations is inadequate. In addition, neither DNR nor the [MPCA] has
established the regulatory standard necessary to ensure the “inward hydraulic
gradient” that is required to be maintained is meaningful.

e The proposed in-situ construction method is unsuitable for the soil conditions. Using
this method, native soils are incorporated into the finished wall. Based on the permit
application support drawings, large amounts of organic/peaty soils are present in the
subsurface along significant portions of the wall alignment, most notably in the 3,000-
foot stretch of slurry wall between stations 155+00 and 185+00, where the organic
layer thickness approaches 20 feet. This type of organic matter can compromise the
hydraulic performance and should not be incorporated into the wall. Boulder deposits
within the till will also make construction difficult, at best.*?

40 Report of Michael A. Malusis, Consulting Geotechnical and Geoenvironmental Engineer, to
Ann E. Cohen, Senior Staff Attorney, Minnesota Center for Environmental Advocacy (Dec. 23,
2021) (prepared in connection with the pending contested case hearing). (Attachment 7).

4 Id. at 2-4.

2 1d. at3-4.
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Dr. Malusis also noted that this use of a bentonite-soil cutoff wall is typically employed only as a
remedial action to prevent the spread of existing subsurface contamination resulting from past
releases but was here being proposed as a permanent substitute for an engineered liner system. In
Dr. Malusis’ opinion, the use of a remediation technology as a substitute for an engineered liner
system for newly disposed waste is unprecedented and inappropriate.*’ In addition, the Army
Corps should note that a much smaller slurry cut-off wall installed to control contamination from
the Flambeau mine in Wisconsin appears to be failing.*

iii. The NPDES/SDS Permit Lacks Necessary Regulatory Terms Given
PolyMet’s Untried Reverse Osmosis System.

In its testimony at this hearing, EPA found that “[t]he individual CWA Section 402 permit
for surface water discharges from the NorthMet project does not contain numeric water quality-
based effluent limitations for mercury that would ensure compliance with the Band’s water quality
requirement.”* EPA noted that “[t]he permit includes ‘operating limits’ on mercury at an internal
monitoring station set to Minnesota’s water quality standard of 1.3 ug/L, which is not sufficient to
ensure compliance with the Band’s downstream water quality requirements.”*® The commentors
agree. The current NPDES/SDS permit lacks necessary water quality-based effluent limits, and
instead relies on internal operating limits and generic conditions to prevent water quality
exceedances. The NPDES/SDS permit was also issued without the analysis needed to determine
whether or not permit conditions are necessary to protect surface waters from groundwater
impacts, and has been remanded to MPCA to do this analysis. For this reason, the Army Corps
should not rely on the NPDES/SDS permit to bolster the proposed Permit.

MPCA decided that it did not need to include water quality-based effluent limits based on
the limited bench testing of PolyMet’s proposed reverse-osmosis water treatment system.*’ In this
hearing, PolyMet attempts to convince the Army Corps that it too should be unconcerned about
the cumulative impact of pollutants in PolyMet’s various discharges for the same reason. The
Army Corps should not repeat MPCA’s mistake. The Army Corps should instead conclude that
there is simply inadequate information in the record as to whether reverse-osmosis can be
successfully deployed to control pollutant levels that will be generated by this open pit mining
project, where the volume, type, and pollutant concentrations can be expected to vary significantly
over time. Similarly, the Army Corps must conclude that without water quality-based effluent
limits in the NPDES/SDS permit there is no guarantee that water quality standards will be met,
especially the Band’s more-stringent water quality standards which were not considered when the
NPDES/SDS permit was developed.

BId at 2.

4 See David M. Chambers & Kendra Zamzow, Report on Groundwater and Surface Water
Contamination at the Flambeau Mine (2009). (Attachment 8).

45 EPA Region 5 Testimony (May 4, 2022), https://www.youtube.com/playlist?list=PLKn9TM
2TouWSMx3xulypKiBdqcQ6rcFnl.

14

47 See NPDES/SDS Permit Fact Sheet, https://www.pca.state.mn.us/sites/default/files/wq-wwpr
ml-51gg.pdf.
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In its hearing testimony, PolyMet cited to Michigan’s Eagle Mine and its use of reverse-
osmosis technology as supporting the claim that this technology is “proven” and will result in
effluent that is “nine times cleaner than rainwater.”® In particular, PolyMet cited the Eagle Mine
as using the same technology and achieving good mercury control.*” However, as the Band noted
in its rebuttal testimony, the Eagle Mine is a far-smaller underground mine—processing only 2,000
metric tons of ore per day at a mine site covering roughly 150 acres and storing its reactive tailings
in a geologically-stable flooded mine pit.> The Eagle Mine does not present the same water
management issues as PolyMet’s proposed open-pit/above-ground tailings basin mine, with its far-
greater volumes and more variable wastewater streams all requiring management and treatment.

E. PolyMet’s Reliance On Wetland Destruction To Offset Indirect Mercury
Impacts From Remaining Wetlands Is Unfounded.

In defense of its Permit, PolyMet’s experts testified that any indirect impacts from mercury
releases will be offset by its massive destruction of wetlands at the mine site because that
destruction will remove areas where mercury is currently being methylated and discharged.’!
PolyMet fails to note that the massive wetland destruction authorized by this Permit will result in
a vast and uncontrolled “pulse” of mercury, methylated mercury and sulfate that is currently
sequestered in those peatlands/wetlands. This mercury, once liberated by PolyMet’s actions, will
make its way downstream to enter other wetlands (including those on the Band’s reservation)
where it will cause or contribute to exceedances of the Band’s water quality standard.>

The FEIS contains only vague descriptions of how PolyMet will manage the water that will
be generated when it removes “overburden” from the mine site. “Stormwater” from pit
construction will be managed by “small dikes,” and shallow groundwater seepage by “compressing
the peat with earthen dike materials to create a low-permeability layer” or by creating a soil cutoff
trench, slurry wall, or sheetpile wall.>* The FEIS does not specify where the “stormwater,” which
will likely include ionic pollutants such as sulfate or dissolved pollutants such as methylmercury,
will be controlled or captured. To the extent that more detailed plans exist, they are not public
because PolyMet has applied for coverage under the MPCA’s “general permit” governing
construction stormwater. PolyMet plans to store “unsaturated” overburden and peat in the unlined

48 PolyMet Testimony (May 4, 2022), https://www.youtube.com/playlist?list=PLKn9TM2Tou
WSMx3xulypKiBdqcQ6rcFnl.

Y Id.

30 See About Us, EAGLE MINE, (May 26, 2022), https://www.eaglemine.com/about; see also Our
Operations, EAGLE MINE (May 26, 2022) https://www.eaglemine.com/operations.

51 PolyMet Testimony (May 4, 2022), https://www.youtube.com/playlist?list=PLKn9TM2TouW
SMx3xulypKiBdqcQ6rcFnl.

52 PolyMet also fails to note or discuss that its planned mitigation—wetland creation—will result

in the same mercury discharges that its planned wetland destruction will theoretically eliminate.
33 FEIS at 3-52.
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Overburden Storage and Laydown Area; “saturated” materials will be directed to the lined
Category 2/3 and 4 stockpiles and commingled with waste rock until backfilling.>*

PolyMet’s planned stormwater controls, which are designed to prevent sediment from
moving, will not prevent water containing mercury, methylmercury and sulfate from leaving the
saturated organic material as it is moved to the laydown area or 2/3 stockpile area. PolyMet will
direct this stormwater to a “retention basin” as shown in this diagram:

Figure 2: Mine Site Storm Water Management (from PolyMet presentation)
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A construction stormwater permit is designed to prevent sediment from escaping construction sites
and to control erosional forces, not to limit the dissolved chemical constituents in water that is
discharged.”® As the EPA observed in its April 29, 2022, evaluation and recommendation, the
general permit contains no limits on pollutant discharges.’® A “retention basin” is designed to
discharge, meaning that any dissolved pollutants (such as sulfate) that were sequestered in the
“overburden” will be discharged from the retention basin during storm events.’’ Further, as
commenters noted during environmental review and permitting, the drier material PolyMet plans
to deliver to the unlined overburden laydown and storage area (“OSLA”) will be subject to
repeated rewetting, which will likely result in repeated discharges of methylmercury and inorganic

mercury.>®

>4 FEIS at 3-45.

55 See MPCA, Construction Stormwater General Permit, 14-15 99 18.1-10 (Aug. 1, 2018),
https://www.pca.state.mn.us/sites/default/files/wq-strm2-80a.pdf.

S8 EPA, Clean Water Act Section 401(a)(2) Evaluation and Recommendations with respect to the
Fond du Lac Band’s Objection to the Proposed Clean Water Act Section 404 Permit for the
NorthMet Mine Project, 15-16 (April 29, 2022).

37 See https://stormwater.pca.state.mn.us/index.php/Design_criteria_for stormwater ponds.

58 Technical Memorandum from Tom Myers, Hydrologic Consultant, to Minnesota Center for
Environmental Advocacy, 6-7 (Feb. 19, 2018). (Attachment 9). See also Coleman-Wasik et al
2015. “The continuous process of drying and rewetting of overburden peat stockpiled in laydown
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2. Regulatory agencies have failed to consider water quality impacts from the use of
waste rock and tailings for “fill” under the Permit.

In addition to lacking adequate information on “secondary impacts,” the Army Corps also
lacks adequate information on the chemical contamination associated with the material the Permit
allows PolyMet to use as “fill” and the Permit has established no conditions on use of that fill. The
Permit allows PolyMet to use “any dredged and fill material” as fill by submitting various plans,
including a plan to discharge “Category 1” waste rock which otherwise is required to be managed
at sites that have seepage collection systems.’® Although the Army Corps retains the authority to
approve these plans, the proposed Permit establishes no standards for such approvals other than it
must be “suitable for discharge into waters of the United States.”°

By not specifying the characteristics of the materials that PolyMet would be allowed to use
for fill or how contaminants will be controlled, the proposed Permit fails to control sources of
water pollution that have the potential to cause exceedances of Band water quality standards. Even
where the Permit does specify characteristics (i.e., sulfate content of Category 1 material) the Army
Corps should note that experts opining on PolyMet’s permit to mine have stated that it will be very
difficult for PolyMet to ensure that waste rock removed after blasting is moved to the correct
stockpile, and as a result, the supposedly less-reactive waste rock may be more reactive than
assumed, as discussed below.

During the public comment period on the permit to mine, Dr. Ann Maest, an expert in
geochemistry, commented that PolyMet and DNR analyzed an inadequate number of samples for
acid-base accounting, whole rock chemistry, and mineralogy based on industry standards.®' In
particular, Dr. Maest opined that PolyMet’s assumptions about the sulfide content of the Category

areas may not only continue to release inorganic mercury, but may also continuously regenerate
sulfate, and in anaerobic locations, promote methylmercury formation.” (p. 21)

39 See Army Corp, 404 Permit Issued to PolyMet Mining, Inc., Y 7-10 (Mar. 21, 2019) (No.
MVP-1999-05528-TJH).

60 See Id. The Permit does not specify what PolyMet will use the Category 1 and other waste
materials for. Based on the FEIS, PolyMet proposes to use waste rock to fill one exhausted mine
pit. FEIS at 3-64. PolyMet also plans to use “fill material” to support the proposed tailings basin
dam buttress (following excavation of incompetent materials such as peat), for waste rock
stockpile support, and to fill on-site stormwater management ponds. /d. at 3-105, 3-45, 3-71. The
FEIS identifies the fill material as “Catl rock” or LTV tailings. Id. As summarized by the Band,
“PolyMet will discharge dredged or fill material into wetlands, which would then either be
removed and replaced by mine pits or excavated and replaced with fill material discharged to
construct overburden and waste rock storage facilities, roads, storm and mine water management
systems, tailings basin buttresses, the tailings basin seepage capture system, and utility corridors.”
Notice of Objection from Fond du Lac Band of Lake Superior Chippewa Reservation Business
Committee to EPA, Army Corps, 10 (Aug. 3, 2021).

! Technical Memorandum of Ann S. Maest, Geochemist, Buka Environmental, to Kevin Lee,
Minnesota Center for Environmental Advocacy, 1 (Feb. 27, 2018). (Attachment 10).
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1 wastes are unreliable.5? Dr. Maest also commented that “the consistent separation of Category 1
wastes from waste and ore with higher sulfide content during operations will be difficult, if not
impossible, leading to a greater potential for pollutants to be generated in the unlined Category 1
storage pile than PolyMet assumes.”®*

Recent analysis by experts Bruce Johnson, Fred Campbell, and Gerald Stahnke®*
(“Geology Experts”) affirms Dr. Maest’s earlier conclusions, noting the heterogeneity of the
Duluth Complex’s rocks and the fact that variations in composition can occur over stratigraphic
thicknesses less than ten feet, conditions that would be reflected in the Category 1 waste rock.®
These conditions would make proper sampling of the Category 1 waste rock “technically and
financially impossible.”®® As a result, high sulfur inclusions missed during the evaluation can be
predicted to release acid, sulfate and metals from water infiltration.’” The Geology Experts predict
that use of Category 1 material as on-site fill would impact surrounding waters with undetermined
concentrations of leachates.®® The Geology Experts also conclude that mine site water quality
assessment is based on erroneous assumptions about rock characterizations and chemistry based
on inadequate sampling and testing, affirming Dr. Maest’s earlier observations.®* Thus, they
conclude that the Category 1 waste rock piles will almost certainly result in discharges that greatly
exceed surface water standards and that may cause or contribute to exceedance of the Band’s water
quality standards, and should not be used as fill.”” The Geology Experts observe that PolyMet’s
predictions of leachate concentrations/volumes from the permanent Category 1 waste rock
stockpile are based on the assumption that this waste rock does not become acidic and thus will
not discharge toxic chemistries.”! Because these assumptions are unfounded, the Geology Experts
conclude it should not be used as construction material, as currently allowed under the Permit.”?

The Permit’s lack of standards governing the use of the waste rock materials as fill is in
violation of applicable law.”®> Under 40 C.F.R. § 230.11, the Army Corps “shall determine in
writing the potential short-term or long-term effects of a proposed discharge of dredged or fill
material on the physical, chemical, and biological components of the aquatic environment in light

62 1d.

8 Id. at 2.

64 Johnson, Campbell, Stahnke (2022) (Attachment 2).

8 Id. at 3.

% Id.

7 1d. at 4.

8 I1d.

Id. at 5.

0 Id. at 6.

Id. at 8.

2 1d.

73 DNR’s permit to mine does not make up for these deficiencies. DNR’s permit to mine authorizes
waste rock to be used as construction fill and for other construction purposes. See, e.g., DNR,
Permit to Mine and Assignment for NorthMet Mining Project, 9 23, 45b, 38, (Nov. 1, 2018)
(allowing BIF and LTV tailings to be used for “construction” subject to DNR approval). But no
standards are established for when DNR approval will be granted.



Colonel Karl Jansen
June 6, 2022
Page 18

of subparts C through F.” This requirement includes determining the degree to which the material
proposed for discharge will introduce, relocate, or increase contaminants. 40 C.F.R. § 230.11(d).
This determination shall consider “the material to be discharged, the aquatic environment at the
proposed disposal site, and the availability of contaminants.” Id. The 404(b)(1) Guidelines state
that “dredged or fill material should not be discharged into the aquatic ecosystem, unless it can be
demonstrated that such a discharge will not have an unacceptable adverse impact either
individually or in combination with known and/or probable impacts of other activities affecting
the ecosystem of concern.” 40 C.F.R. § 230.1(c).

In a similar circumstance, a court has rejected an Army Corps’ decision because of a lack
of testing data on fill materials. See Friends of the Earth, 693 F. Supp. at 927-935 (also noting
failure of EIS to contain opposing views). Similarly, by not including either testing protocols or
standards for approval of the fill allowed under the proposed Permit, the Army Corps has “in effect,
prevented the public from commenting on the single most important feature” of this proposed
Permit. /d. at 948. The proposed Permit is deficient from a procedural due process standpoint
because the public cannot comment on the key plans, nor assess whether those plans would result
incompliance with the Band’s water quality standards or indeed state water quality standards. See
Waterkeeper AllL., Inc., 399 F.3d at 499, 503-04 (nutrient management plans must be reviewable).

3. PolyMet’s proposed mine is not needed to support the “Green Economy.”

In its May 4, 2022, presentation, PolyMet implies that its project should be approved
because the metals produced at the NorthMet mine would be used in the clean energy transition
and therefore the mine is necessary to address the climate crisis. PolyMet’s argument ignores the
impact that the mine would have on biodiversity, which has also been degraded by human activity
to crisis levels.” Similarly, PolyMet also ignores the climate impact that issuance of the Permit
would cause because the mine would produce carbon, and the Permit would allow PolyMet to
destroy peatlands and wetlands that sequester vast amounts of carbon.”” Setting aside these
impacts, PolyMet’s case for the need for the metals it would produce is unsupported.

The metals that PolyMet proposes to produce are not necessary for the clean energy
transition. Copper, the project’s primary target, is not on the 2022 List of Critical Minerals, because
it does not meet the threshold for supply risk and importance to economic and national security.”®

74 See What is the Triple Planetary Crisis?, UNITED NATIONS CLIMATE CHANGE (April 13,

2022), https://unfccc.int/blog/what-is-the-triple-planetary-crisis.

75 See FEIS at 5-842 (stating that NorthMet would emit at least 15,790,752 CO2e over a 20-year
operating lifetime). As MCEA detailed in its September 28, 2016, letter to Doug Bruner, Project
Manager, U.S. Army Corps of Engineers and Michael Jimenez, Minerals NEPA Project Manager,
Superior National Forest, this figure is likely an underestimate, in part because no environmental
review document adequately analyzed the destruction of high-quality wetlands and the consequent
loss of absorbed carbon as emissions.

76 See U.S. Geological Survey (“USGS”), 2022 Final List of Critical Minerals, https://d9-
wret.s3.us-west-2.amazonaws.com/assets/palladium/production/s3fs-
public/media/files/2022%20Final%20List%200f%20Critical%20Minerals%20Federal%20Regist
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And if built, PolyMet would produce only a small amount of copper compared to both U.S. and
global production. PolyMet’s projected annual recovered copper production of 54.8 million Ibs.,””
or 24,856 metric tons, would contribute 2% to the 1,200,000 metric tons of copper produced by
U.S. mines in 2021, or 0.12% to the 21,000,000 metric tons produced worldwide in 2021.7% If
permitted, PolyMet would have lower production capacity than 16 of the 17 leading copper-
producing mines in the U.S., which represent over 99% of domestic production.”

In fact, an increase in the copper recycling rate in the U.S. by just 1% would produce the
amount of copper that PolyMet projects that its NorthMet mine would produce.’® Similarly,
PolyMet’s nickel production could be achieved by increasing the nickel recycling rate by 1.2%.%!
Copper and nickel are readily and infinitely recyclable.

Neither can PolyMet prove that its projected production would support domestic clean
energy supply chains. PolyMet would not be obligated, under any enforceable document that
commentors are aware of, to prioritize sale to domestic buyers at any point in the project, or to use
metals for clean energy technologies. In fact, Swiss-owned Glencore currently holds offtake
agreements with PolyMet for copper-nickel concentrate production.® NorthMet ore would likely

er%20Notice 2222022-F.pdf; U.S. Geological Survey, Methodology and Technical Input for the
2021  Review and Revision of the U.S. Critical Minerals List (2021),
https://pubs.usgs.gov/0f/2021/1045/0fr20211045.pdf.

7 Zachary J. Black et al., Form NI 43-101F1 Technical Report for the NorthMet Project, 26
(Mar. 26, 2018), https://polymetmining.com/wp-content/uploads/2018/10/PN150163-PolyMet-
NI-43-101-Technical-Report-2018 03 26 Rev0.pdf.

8See  USGS, Mineral Commodity — Summaries January — 2022-Copper, (2022),
https://pubs.usgs.gov/periodicals/mcs2022/mcs2022-copper.pdf.

7 See USGS, 2017 Minerals Handbook — Copper (Oct. 2021), https://pubs.usgs.gov/myb/vol1/2
017/myb1-2017-copper.pdf.

80 According to 2018 data from the USGS, 861,000 metric tons of copper were recycled; 2,510,000
metric tons were available for recycling; and the recycling rate was 34%. Increasing the recycling
rate by 1% would result in 25,100 more metric tons recycled, which exceeds PolyMet’s annual
copper production of 24,856 metric tons, converted from 54.8 million lbs. See USGS, 2018
Minerals Yearbook—Recycling Metals (April 2022), https://pubs.usgs.gov/myb/vol1/2018/myb1-
2018-recycling.pdf

81 According to 2018 data from the USGS, 124,000 metric tons of nickel were recycled; 259,000
metric tons were available for recycling; and the recycling rate was 48%. Increasing the recycling
rate by 1.2% would require 3,108 more metric tons to be recycled, which exceeds PolyMet’s
annual nickel production of 2,994 metric tons, converted from 6.6 million Ibs. Zachary J. Black et
al., Form NI 43-101F1 Technical Report for the NorthMet Project, 26 (Mar. 26, 2018),
https://polymetmining.com/wp-content/uploads/2018/10/PN150163-PolyMet-NI1-43-101-Techni
cal-Report-2018 03 26 Rev0.pdf.

82 See PolyMet Mining, Minnesota Commitment, Global Opportunity, 14 (2016),
http://www.polymetmining.com/wp-content/uploads/2013/02/2016-PolyMet-Corporate-Presenta
tion-14pg.-6.22.2016pptx.pdf.
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be refined at a Glencore smelting facility in Canada, then sold on the global market. In contrast
with the low likelihood PolyMet would contribute to domestic clean energy supply chains that
would reduce carbon emissions, it is certain the NorthMet mine, if permitted, would contribute to
climate change.

4. Federal Agencies Must Supplement the FEIS Pursuant to the National
Environmental Policy Act.

As noted above, PolyMet proposed a 32,000 tpd/20-year project, and the FEIS bases its
assessment of environmental impacts on that mining plan. However, if the rate of mining changes,
or the duration of the mining changes, impacts from the project will increase, including water
quality impacts with the potential to cause or contribute to exceedances of the Band’s water quality
standards.

On June 8, 2018, MCEA, Friends and CBD served a petition for a Supplement to the FEIS
on the U.S. Forest Service, the Army Corps, the MPCA, and the DNR (“Petition”).®* The Petition
was prompted by PolyMet’s issuance of a new securities filing—a NI43-101 Technical Report
(“Technical Report™). In the 2018 Technical Report, PolyMet chose to include two “Preliminary
Economic Assessments” or “PEAs” of two expanded mining scenarios with ore throughputs of
59,000 and 118,000 tpd. Based on PolyMet’s analysis, the PEA scenarios would yield significantly
higher profits. Under Canadian securities regulations, a PEA “is generally the first signal to the
public that a mineral project has potential viability. Given the significance of this milestone in the
evolution of any mineral project, the market views PEA results as important information.”®
Although the Minnesota Court of Appeals initially upheld DNR’s decision to deny the Petition, it
later determined that the Petition information is probative of PolyMet’s intent to expand after the
current mine is permitted and has ordered MPCA to adopt findings addressing the impact of
PolyMet’s Technical Report on MPCA’s air permitting decision, which was based on the
assumption that PolyMet would operate as a “synthetic minor” source. See In re Air Emissions
Permit No. 13700345-101 for Polymet Mining, Inc., 965 N.W.2d 1, 9-10, 12 (Minn. App. 2021).
Despite the Court’s conclusion, MPCA has refused to investigate PolyMet’s expansion plans. As
a result, MCEA and others have been forced to appeal MPCA’s latest “hear no evil” decision. See
Pet. for Writ of Cert., In re MPCA Issuance of Air Individual Permit No. 13700345-101 to PolyMet
Mining, Inc., No. A22-0068 (appeal docketed Jan. 18, 2022).

Since the Petition was filed, PolyMet has continued to take actions consistent with the
expansion/accelerated plans described in the Technical Report and actions consistent with a

83 See Metals & Minerals: Copper, GLENCORE CANADA (May 27, 2022), https://www.glencore.c
a/en/What-we-do/Metals-and-minerals/Copper.

84 At the time this 2018 Petition was filed, the land exchange granting PolyMet rights to the surface
of the land, as necessary for an open-pit mine, had not closed, nor had the Army Corps issued the
Permit.

85 Canadian Securities Administrators, CS4 Staff Notice 43-307 Mining Technical Reports —
Preliminary Economic Assessments, 1 (Aug. 16, 2012), https://mrmr.cim.org/media/1026/csa-
staff-notice-43-307.pdf.
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significantly longer mine life than the 20-year mine life the FEIS examined.® In November 2019,
PolyMet announced the results of its 2018-2019 drilling program (“2019 Drilling
Announcement”).?” PolyMet announced that “Proven and Probable Reserves increased by 14% to
290 million tons” and “Measured and Indicated Resources increased by 22% to 795 million
tons.”®® The 2019 Drilling Announcement quoted PolyMet president and CEO Jon Cherry, who
stated, “we also continue to identify opportunities to optimize and deliver the project in the most
economic way possible.”® PolyMet’s November 2021 investor presentation continues to tout the
greater profits to be made from the PEA expanded and accelerated mining scenarios, and the
expansion of the mine beyond the “20 Year Pit Shell.”® Indeed, PolyMet notes the “regional
exploration opportunity” consisting of “high grade, near mine, legacy intercepts” and “untested
strike to NE and SW of ore body.”"

Friends and MCEA have challenged the Army Corps’ failure to prepare a supplement to
the FEIS examining the impacts of PolyMet’s expansion plans in the federal district court. See
Friends of the Boundary Waters Wilderness et al., v. U.S. Army Corps of Engineers, No. 0:19-cv-
02493 (D. Minn. filed Sept. 10, 2019). In addition to the reasons stated in the Petition, the Army
Corps must supplement the FEIS with the information necessary to determine whether the PolyMet
project’s indirect impacts on wetlands will cause or contribute to exceedances of the Band’s water
quality standards.

CONCLUSION

The current suspended Permit, if reinstated, would cause or contribute to exceedances of
applicable water quality requirements within the Band’s downstream waters based on the available
scientific information. The information that PolyMet relies on to support issuance of the Permit
has been deemed unreliable by the Minnesota Supreme Court and a variety of experts. Given the
lack of information about the indirect impacts and the impacts from fill material, the Army Corps
lacks the information required both to issue this Permit or to determine whether there are new
conditions that would ensure compliance with the Band’s water quality standards. As a result, there
are no new conditions that could be added to the Permit that would ensure compliance.

PolyMet seeks to construct the proposed mine to make money. The Band seeks to defend
its homeland and treaty rights to preserve its culture. The Army Corps has the duty to protect
“special places” such as the St. Louis River Headwaters Site, and a special responsibility to ensure

8 The FEIS agencies refused to examine a longer-mine life scenario despite the fact that PolyMet’s
reason for not disposing of the Category 1 was rock in the West Pit is also to allow future mining.
87 Press Release, PolyMet Mining, Inc., PolyMet drilling program results in additions to
NorthMet Mineral Resources and Reserves (Nov. 19, 2019) (hereinafter “2019 Drilling Program
Announcement”). (Attachment 11).

8 1d. at 1.

8 1d. at 2.

% See PolyMet Mining, Minnesota Commitment, Global Opportunity (Nov. 2021). (Attachment
12).

1 Id. at 20, 23.
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that permits do not violate the treaties that the U.S. Government and Tribe signed many years ago.
Under these circumstances, all doubts must be resolved in favor of the Band.

Sincerely.

Ann E. Cohen

JT Haines

Abby Rogerson

Minnesota Center for Environmental Advocacy
acohen@mncenter.org

jhaines@mncenter.org
arogerson@mncenter.org

Friends of the Boundary Waters Wilderness
Center for Biological Diversity

Duluth for Clean Water

MN 350

cc: Chris Knopf, Friends of the Boundary Waters Wilderness (via email chris@friends-bwca.org)
Marc Fink, Center for Biological Diversity (via email- mfink@biologicaldiversity.org)

Noelle Cirisan, MN 350 (via email noelle@mn350.org)

John Doberstein, Duluth for Clean Water (via email- jdoberst@gmail.com)

Tera Fong, U.S. EPA Region 5 (via email- fong.tera@epa.gov)

Chad Konickson, U.S. Army Corps of Engineers (via email-chad.konickson@usace.army.mil)
Dana Vanderbosch, MPCA (via email-dana.vanderbosch@state.mn.us)



June 6, 2022

The undersigned submits this report in support of the comments of the Minnesota Center for
Environmental Advocacy in the U.S. Army Corps of Engineers proceeding titled Fond du Lac
Band of Lake Superior Chippewa Section 401(a)(2) Objection/MVP-1999-05528-TJH.

Expert qualifications of Dr. Amy Myrbo

I hold a B.A. in English Literature and a Ph.D. in Geology from the University of Minnesota
(UMN). My dissertation focused on the biogeochemistry of lakes and lake sediments in
Minnesota, especially lakes experiencing human impacts. | was the lead investigator for the
UMN Twin Cities Campus under contract from the Minnesota Pollution Control Agency
(MPCA) for their Field Survey for the Sulfate Standard to Protect Wild Rice (2011-2015). | was
lead author on two of the publications that resulted from that work, published in the American
Geophysical Union’s Journal of Geophysical Research - Biogeochemistry in 2017, and a
coauthor on two additional resulting publications. | have authored or co-authored 28 other peer-
reviewed publications. My relevant professional work has also included the study of the
chemistry, sedimentology, and history of wild rice lakes in Minnesota. | am a Fellow of the
UMN Institute on the Environment and was a member of the UMN Vice President for Research
Wild Rice Advisory Committee 2017-2018. Since 2019 I have been an independent consultant
(Amiable Consulting), and am a part-time Assistant Scientist at the St. Croix Watershed
Research Station, Science Museum of Minnesota.

Additional dangers of sulfate pollution: Eutrophication, inorganic mercury release, and water
clarity

The release of sulfate to fresh waters causes numerous deleterious environmental effects. Two of
these have been discussed in materials submitted to date: (1) sulfate is converted to sulfide,
which poisons wild rice and other aquatic plants (Pastor et al., 2017; Myrbo et al., 2017a and
references therein); and (2) during the conversion of sulfate to sulfide, inorganic mercury is
converted to methylmercury, the highly toxic form of mercury that bioaccumulates in organisms
(e.g., Gilmour et al., 1992; Myrbo et al., 2017b). Sulfate-reducing bacteria (SRB) are responsible
for both processes.

Yet there is a third negative outcome that has not to our knowledge been considered in the FEIS
or materials submitted at this hearing: the compounds released during the “mineralization” of
organic matter by SRB converting sulfate to sulfide. Organic matter mineralization could have
negative effects on several water quality parameters, including nutrients, inorganic mercury, and
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dissolved organic carbon. These effects were recently demonstrated in a large experiment in
northeastern Minnesota (Myrbo et al., 2017b), and are described in more detail below.

Nutrients. In order to convert sulfate to sulfide (to “reduce” sulfate, in chemical terms), SRB
oxidize the organic matter in lake and river sediments. Oxidation “mineralizes” or decomposes
organic matter into its constituent components - predominantly carbon, nitrogen, and phosphorus
compounds (equation 1). These dissolved compounds are released to the sediment pore waters,
and can then diffuse or advect into the water column, affecting water quality. As shown in Eqn.
1, ammonium (NHs) and phosphate (H3PO4), plant nutrients that are readily taken up by primary
producers such as algae, are products of this coupled sulfate reduction and organic matter
mineralization. These nutrients have the potential to cause eutrophication in the rivers and lakes
to which sulfate would be discharged, and to potentially cause an exceedance of the Fond du Lac
Band’s water quality standards.

2(CH20)x(NHa)y(HsPO4); + xSO42 — 2XxHCO3 + XxH2S + 2yNHs + 2zHsPO4 (1)

In other words: Organic matter + sulfate are converted to alkalinity + sulfide + nutrients
(ammonium+phosphate).

Inorganic mercury. In addition to the components of organic matter, mineralization releases the
inorganic mercury that is adsorbed onto that organic matter (Regnell and Hammar 2004; Myrbo
et al., 2017b). This inorganic mercury is then available to be methylated, rather than being buried
in the sediments. In the presence of elevated sulfate, SRB thus cause a “double whammy” of
increased inorganic mercury plus increased methylation of that mercury - which could
dramatically increase methylmercury in fish, otters, eagles, and other fish-eating wildlife; birds,
bats, and other insect- and spider-eating wildlife; and of course, the human consumers of fish
from impacted waters.

Dissolved organic carbon. In Eqn. 1, the carbon on the right side of the equation is shown
completely oxidized to bicarbonate (HCOz3"). Bicarbonate affects the buffering of aqueous
systems, so could have an effect on downstream ecosystems. If oxidation is not complete, the
carbon in Egn. 1 will instead be in the form of dissolved organic carbon (DOC), the molecules
that give some of the waters of northeastern Minnesota their brown tint. An increase in DOC
makes water less transparent, which could affect the growth of aquatic plants and the relative
populations of rooted plants vs. algae, especially in concert with nutrient releases identified
above. DOC also interacts strongly with inorganic mercury and methylmercury (Ravichandran,
2004; Myrbo et al. 2017b), and could increase transport of both forms of mercury, as well as
decreasing potential photodemethylation of mercury by attenuating sunlight.

The effects of sulfate reduction have the potential to cause these deleterious effects out of
proportion to the amount of sulfate released to the ecosystem, because each sulfur molecule can
be recycled many times. Sulfate is reduced to sulfide, then can be re-oxidized to sulfate (e.g., as
sulfide diffuses out of anoxic pore waters), then reduced again to sulfide and oxidized to sulfate,
ad infinitum, in what is known as the “cryptic sulfur cycle” (Canfield et al., 2010). Each time it is
reduced from sulfate to sulfide, more organic matter is mineralized and more nutrients, mercury,
and DOC are released.
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In the analysis conducted in support of the 404 Permit, it does not appear that the impacts
described above have been taken into consideration. The release of nutrients and inorganic
mercury as the result of the project has the potential to violate the Band’s nutrient water
guality standards (FDL Band 1998).

The role of cobalt in mercury methylation

Another biogeochemical factor that has not been adequately addressed is the role of cobalt in
mercury methylation. PolyMet recognizes that cobalt will be emitted by mining activities but
does not consider the effects of this addition of cobalt on the methylation of mercury by SRB and
abiotically. Cobalt can be limiting to mercury-methylating SRB (Ekstrom and Morel 2008),
meaning that an increase in cobalt can directly cause an increase in methylmercury production
and its abundance in the environment. Cobalt has also been implicated in the inorganic
methylation of mercury.

The critical role of cobalt in mercury methylation by the SRB Desulfovibrio desulfuricans was
first identified in the early 1990s (Berman et al 1990), and Choi and Bartha (1993) verified
cobalamin, a coordination complex of cobalt, as the molecule that transfers a methyl group to the
mercuric ion as SRB convert sulfate to sulfide. Ekstrom and Morel (2008) found that mercury
methylation by Desulfococcus multivorans, another SRB, was a factor of 3 to 5 lower in the
absence of cobalt.

Work by Bertilsson and Neujahr (1971) and Imura et al (1971) also demonstrated spontaneous
mercury methylation by free cobalamin. Although this process may be relatively minor
compared to methylation by SRB, “its influence may be increased in organic-rich lakes,”
according to Ullrich et al (2001). The lakes of northeastern Minnesota are organic-rich, and thus
may be susceptible to spontaneous mercury methylation by free cobalamin, the abundance of
which may in turn be increased by deposition of cobalt from mining activities.

In addition to mercury methylation by SRB and spontaneously by free cobalamin, abiotic
methylation may occur due to the presence of inorganic dissolved cobalt (Munson et al 2018).
These authors et al found a “dramatic” increase in mercury methylation when they added
dissolved inorganic cobalt to filtered seawater, and suggested that this increase may be due to
“competition between Co(II) and Hg(II) for organic ligand binding that could increase Hg(I1)
substrate availability for methylation” (Munson et al 2018).

SRB may also acquire Co directly from solid cobalt sulfide, CoS (Ekstrom and Morel 2008),
which is the likely form of cobalt in fugitive dust from the proposed PolyMet mine site; if this is
the case, CoS particles may enhance mercury methylation even if they do not dissolve into water
in wetlands, lakes, and rivers.

In the analysis conducted in support of the 404 Permit, it does not appear that the impacts
described above have been taken into consideration. The effects of potential cobalt
contamination on mercury methylation in addition to the direct toxicity of cobalt in the
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environment must be considered before any conclusions are made related to the 404
Permit.

Disposal of the waste from the reverse-osmosis process

Sulfate salts are highly soluble, and the removal of dissolved sulfate and mercury from mining
water using reverse osmosis (RO) is tremendously expensive, and energy- and carbon-intensive.
Even if PolyMet were able to economically treat all of the water it will discharge, it would then
face the immense problem of the resulting toxic waste: the sulfate and other salts, and the
mercury and other metals removed and highly concentrated by RO, which must then be disposed
of as solids or liquid products, such as sulfate brines and precipitated minerals (Kinnunen et al.,
2018). What landfill will accept a concentrated, soluble, and reactive sulfate and mercury
slurry?

Amy Myrbo, Ph.D.
June 2, 2022
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The undersigned submit this report in support of the comments of Friends of the Boundary
Waters Wilderness in the U.S. Army Corps of Engineers proceeding titled Fond du Lac Band of
Lake Superior Chippewa Section 401(a)(2) Objection/MVP-1999-05528-TJH.

Expert Qualifications

Fred Campbell:

I have a Bachelor of Arts degree in Geology from Macalester College, and a Master’s degree in
Geology from the University of Minnesota-Duluth. My professional career included work in
both the private and the public sector. At the Minnesota Department of Natural Resources, |
worked on the Regional Copper-Nickel Study, and contributed to Report 93 (Mineral Resources
Of A Portion Of The Duluth Complex And Adjacent Rocks In St. Louis And Lake Counties,
Northeastern Minnesota). At AMAX Exploration, Inc., I worked on the Minnamax (now Teck)
copper-nickel deposit, mainly logging and sampling drillcore. Later, I worked on several mineral
exploration projects in northeastern Minnesota for E.K. Lehman and Associates, and for
Meridian Land and Minerals (then a subsidiary of Burlington Northern Railroad). After
additional education at the University of Minnesota (Minneapolis) and Century College, I
worked for the Minnesota Department of Transportation (Water Quality Unit), the Minnesota
Geological Survey, and the Minnesota Pollution Control Agency (MPCA). At the MPCA, 1
worked as a hydrogeologist in the Superfund Program for approximately 29 years, and I retired
in 2017. The Superfund work included oversight and enforcement of investigation and cleanup
activities at several major projects involving soil, groundwater, and surface water contamination
at sites operated by General Mills, Honeywell, 3M and other companies.

Bruce Johnson:

I have over 30 years of experience in water quality and environmental toxicology in Minnesota,
with a great deal of this in Northeast Minnesota. My professional experience has direct
connections to the Duluth Complex and its associated environmental chemistry and toxicology.
My Bachelor of Arts degree is in Biology and Chemistry from Winona State University with
emphasis in biochemistry and physiology. I initially worked for USEPA with the Shagawa Lake
Restoration Project assessing the effects of sewage remediation on Shagawa Lake near Ely,
Minnesota. I was next the field chemist in charge of the metal pathways portion of the Regional
Copper Nickel Study. In this position, my staff and I studied potential water quality impacts from
Duluth Complex waste rock, primarily from the LTV Dunka Mine. Later as the DNR field
chemist stationed within Minnamax, I managed one of the on-site waste rock and tailing field
leaching studies. At the MPCA, as technical lead for three staff for NPDES industrial
enforcement, I enforced permits, including mining. In that position, I drafted the first
enforcement document requiring Erie Mining Company to resolve years of violations from the
Duluth Complex leachates emanating from the mine’s waste rock stockpiles.

Other related experience:

- I am certified hazardous materials manager at the Masters level (retired);

- I was a member of the Academy of Sciences Transportation Research Boards Environmental
Maintenance Subcommittee;

- I was invited by the Umwelt Bundes Amt (German Federal EPA) to work 6 weeks in Berlin
Germany for an information exchange; and
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- I have authored and co-authored ten publications.

Gerald Stahnke: From 1974 to 1979, I was an aquatic biologist working for Barr Engineering on
behalf of the State of Minnesota Department of Natural Resources. During this time, I was taking
water quality samples of groundwater and surface water at copper-nickel projects, including the
Minnamax (now Teck) deposit. I also conducted biota sampling of the Dunka and Partridge
Rivers, and took multiple samples of leachate from a tailings basin designed to investigate the
quantity and quality of leachate that would result from the disposal of waste rock from the
Minnamax copper-nickel deposit.

In 1979, I began working for the MPCA Solid Waste Division, conducting enforcement actions
at landfills. At that time, [ was attending the University of Minnesota School of Public Health,
with an emphasis on Water Hygiene. I worked in enforcement until 1983, when I was involved
in rewriting the State’s Solid Waste Rules. From 1984 to 1986, I was the Dakota County
(Minnesota) Senior Environmental Health Specialist and County Solid Waste Officer.

After two years, I returned to the MPCA to establish the Voluntary Investigation and Cleanup
(VIC) Program, where I oversaw hundreds of cleanups and redevelopments at sites. I remained
in the Superfund Program until I retired in 2016. In recognition for my work in the VIC Program,
I was awarded Minnesota Brownfields’ first-ever Mac Hyde Brownfield Leadership Award.

Executive Summary

The proposed 404 Permit proposes to allow the use of Category 1 waste rock as “fill.” The
PolyMet Final Environmental Impact Statement (FEIS) and its associated documents, including
the 401 and 404 permits, contains significant errors and omissions in the basic data acquisition
and analysis, such that the impacts of Category 1 waste rock use as fill in wetlands cannot be
predicted.

Based on the insufficient characterization of the rocks at the PolyMet deposit, impacts from a
number of potentially toxic releases from the project to the St. Louis River watershed and
wetland complexes cannot be determined sufficiently to demonstrate that releases of chemical
parameters will not cause or contribute to exceedances of the Fond du Lac Band’s water quality
standards.

As aresult of these errors and omissions in the PolyMet FEIS and its associated documents, any
possible future modification of the existing 404 Permit would be insufficient to be protective of
the St. Louis River watershed, the project site or nearby wetlands, or the Fond du Lac Band’s
waters.

Table of Contents

1. Sampling and Analysis Plan
2. Waste Rock Characterization
3. Waste rock Segregation

4. Tailing Analysis
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5. Wastewater Treatment
Introduction
Our comments are limited to documented environmentally conservative elements/mixtures that
have been omitted or otherwise erroneously evaluated in the FEIS. This is not to indicate other
major elements or mixtures have been adequately addressed to be protective of the downstream
resources.

Discussion

1. Sampling and Analysis Plan

Published literature on the petrology and mineralogy of the basal Duluth Complex contains
numerous references to the heterogeneity of these rocks (e.g., Severson, 1994). For example, the
basal Duluth Complex, because it is actually a series of intrusions, contains rock types ranging in
composition from peridotite to anorthosite. The variations in composition can occur over
stratigraphic thicknesses less than ten feet. In addition, the basal Complex contains numerous
xenoliths (i.e., inclusions, see definition from Bates, 1983, below) of the Virginia Formation and
the Biwabik Iron Formation. These inclusions sometimes contain significant concentrations of
sulfides, often as pyrite and/or pyrrhotite (Miller et al, 2002).

In addition, it is important to emphasize that any waste rock has a large amount of surface area,
which makes it susceptible to leaching by infiltrating precipitation or circulating fluids (including
leachate). In particular, sand-sized, or finer grained material has a huge amount of surface area,
and would represent a large potential source for mobile contaminants. Since Category 1 waste
rock is compositionally heterogeneous, it will likely be heterogeneous in grain size too. As a
result, obtaining representative samples for chemical analyses would be difficult, if not
impossible.

Because of the heterogeneous nature of these materials, any material initially identified as
Category 1 waste rock would certainly exhibit similar heterogeneity. Any plan to properly and
adequately sample and analyze this waste would require many individual samples (i.e., not
composite samples) and many different analyses, often requiring very low reporting and/or
detection limits. Therefore, a properly designed and adequate sampling and analysis plan for this
waste rock would be technically and financially impossible.

High sulfur inclusions missed during the evaluation can be predicted to release acid, sulfate and
metals from water infiltration. This acid contacts surrounding low sulfur rocks and releases
sulfate and metals. Gradually the acid is buffered by the rock and the pH is raised, yet the
dissolved metals and sulfate remain. The water continues to dissolve metals and sulfate from
lower concentration rock at less intensity. Ultimately neutral pH seepages exit the piles with
elevated metals and sulfate concentrations that have been determined to be chronically or acutely
toxic.
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The use of Category 1 material as on-site fill would impact surrounding waters
with undermined concentrations of leachates.

2. Waste Rock Characterization

Mine Site water quality assessment is based on erroneous assumptions about rock
characterization and chemistry. Category 1 waste rock, as with many portions of the Duluth
Complex and its adjacent formations, is heterogeneous, and may contain localized areas with
high sulfide content. Because these sulfides may be primarily pyrite and/or pyrrhotite, they
contain little or no copper, nickel, or other elements of economic interest. Thus, some waste rock
may contain high concentrations of sulfides, and determining which waste rock meets the
requirements for Category 1 would require an impossibly complex and expensive sampling and
analysis program (see above).

As a result, Category 1 waste rock piles will almost certainly create acidic pore water and leach
high volumes of sulfates and toxic metals, and other contaminants. Thus, this waste rock has a
high potential for generating leachate containing concentrations of metals, sulfate and major ions
that will greatly exceed surface water standards and the Fond du Lac Band’s water quality
standards, and should not be used for construction or fill.

The discussion of a Category 1 waste rock sulfur cutoff of 0.12% sulfur (FEIS, p. 3-46) contains
faulty model inputs from the results and conclusions of PolyMet’s 2013 Waste Characterization
Data Package due to small sample size and composite sampling or averaging to design waste
rock humidity cell tests.

The FEIS humidity cell testing lacks the rigor necessary to predict sulfur content of the waste
rock stockpiles. It is well documented in the geologic literature that the Duluth Complex
mineralogy is highly heterogeneous. This variation in mineralogy is demonstrated in both reports
and drill core analyses (Patelke and Severson, 2005). For example, Patelke and Severson discuss
a report on a bulk sample collected by Teck Cominco, at site B1-321:

Thus, one lesson to be learned here is that if the grade is important it is
imperative to conduct detailed drilling of a site to establish the boundaries of the
future bulk sample! The extreme variability of the Unit 1, both in geology and
mineralization style, can produce dramatic changes within a few tens of feet (both
horizontally and vertically).

The report documents that the Duluth Complex contains inclusions of Virginia formation
(Patelke and Severson, 2005). An inclusion is defined as “a fragment of older rock within an
igneous rock to which it may or may not be genetically related” (Bates, 1983). The Virginia
formation often contains high sulfur and other metals (Miller et al, 2002). The inclusions vary
from large ones, that may be identified by coring, to rather small inclusions (a few inches to
multiple feet in size) that are environmentally significant but are easily missed with drill cores.
(Geerts et al, 1990).

The Partridge River intrusion, where the proposed PolyMet mine site is located, is highly
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heterogeneous as well. As a result, both the mineralogy and the concentrations of elements of
environmental concern vary significantly throughout the intrusion and the PolyMet mine site.

The variability of sulfide concentrations can be observed in drill cores (Patelke and Severson,
2005, p. 74) (SRK, RS53/RS42 — Waste Rock Characteristics/Waste Water Quality Modeling —
Waste Rock and Lean Ore - NorthMet Project. Draft 01. Prepared for PolyMet Mining Inc.
March 9, 2007, FEIS reference SRK 2007b, Appendix c.2.) and are also described in the
published literature (e.g., Miller et al, 2002). The SRK RS53/RS42 document describes the
humidity cell process, stating 89 samples were used to categorize waste rock, representing a total
of 309 million tons of waste rock (NorthMet Project Waste Characterization Data Package V. 9,
March 7, 2013, SDEIS, reference PolyMet 2013, section 4.3, not referenced in the FEIS). This
sample size is statistically and scientifically inadequate for characterization of such a massive
amount of waste rock.

The humidity cell test rock was separated by rock type (i.e., by geological units). In describing
the process for the selection of the test cores, the document states that cores were determined by
“knowledge” to select representative samples of each unit (SRK, RS78 — Block Ore and Waste
March 2, 2007, SDEIS reference SRK 2007a, p. 8, not referenced in the FEIS). In such an
important evaluation, an accepted statistical protocol, such as use of a random number generator,
must be used to select cores. The cores used in the testing were not selected using a scientifically
valid statistical procedure. This likely skews the predicted sulfide and metals concentrations in
the tests.

The selected core intervals were divided into their geological units. Each unit was composited,
and the sulfur content for each unit was averaged. The average concentration was used for the
humidity testing. However, averaging ignores the effect of actual isolated high sulfur
concentrations within the waste rock, and by default assumes all waste rock sulfur concentrations
will be as well mixed within the Category 1 waste rock stockpile as in the test cells. Only under
these waste rock well-mixed conditions would the resultant leachate be similar to the humidity
cell results.

From an environmental standpoint, using average concentrations fails to adequately address
environmental impacts. High sulfur “seed” inclusions (Geerts et al, 1990) are of environmental
concern (SDEIS reference SRK 2007a, p. 6., not referenced in the FEIS). This humidity cell
testing procedure, by default, assumes all waste rock sulfur concentrations will be as well-mixed
within the stockpile as they were in the test cells. Thus, in theory, the leachate observed in the
field will be similar to the humidity cell results. However, in practice the waste rock will not be
well mixed and numerous seed quantities of sulfur much greater than 0.12% will be within the
stockpile. These seeds will initiate acid and leach both its high sulfur waste rock and also the
lower sulfur rock in its drainage path. The acid may exit the stockpile or may be neutralized
before exit, but either way it will carry out a load of dissolved metals and sulfate (Robertson et
al, 1987).

Thus, the ore block model may be excellent for assessing the economic value of a resource for
production purposes, but it will not upscale adequately to meet environmental, chemical and

toxicological requirements. Separation of the very heterogeneous waste rock containing high
sulfide inclusions, such as those described in Miller et al, 2002, using an average concentration
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block model will not prevent higher concentration sulfide-bearing rock from being placed in
lower concentration waste rock stockpiles (Eger et al, 1980).

The up-scaling of theoretical modeling and/or laboratory testing results to field operations will
unavoidably result in high concentration inclusions (seed quantities) of sulfur being placed in
lower sulfur (i.e., Category 1) stockpiles. These high sulfur inclusions will produce pockets of
acidic leachates within the piles. These acidic leachates will drain and leach other low sulfur
materials below. If neutralizing rock is not sufficiently present, over time, the leachate will
remain acidic, and contain metals and other contaminants. Even if the acidic leachate were to be
neutralized to some degree before it exits the stockpile, the drainage will carry out a load of
dissolved metals and sulfate. Leached metals and sulfate will not be adsorbed by the host rock in
the pile and will result in much higher leachate concentrations than those predicted by the model.
The higher the stockpile, the higher the concentration of leachate that will be produced. (Eger et
al, 1980).

Category 1 waste rock piles will almost certainly create acidic pore water and
leach high volumes of sulfates and toxic metals, and other contaminants.
Thus, this waste rock has a high potential for generating leachate containing
concentrations of metals, sulfate and major ions that will result in discharges
that greatly exceed surface water standards and that may cause or contribute
to exceedances of the Fond du Lac Band’s water quality standards, and
should not be used for construction or fill.

3. Waste Rock Segregation

a. Sorting waste rock stockpiles will not be possible to the degree presumed in the
FEIS.

The FEIS proposes to use block modeling to separate heterogeneous waste rock into four classes
based on the predicted/calculated sulfur concentrations EIS, p, 3-46). This modeling cannot be
consistently applied during the physical action of loading trucks from the windrowed blast rock.
Since the mineral deposit is mostly in the form of disseminated sulfides, and the blocks are
averaged, localized areas with high levels of sulfur will be unidentified and unaccounted within a
block. In addition, adjacent block averages could vary significantly in sulfur concentration. The
entire permanent, unlined Category 1 waste rock stockpile is classified as less than or equal to
0.12% sulfur (FEIS, p. 3-46). In practice the block modeling and sorting process will result in
blocks or portions of blocks with high concentrations placed into the Category 1 pile.

The block model was designed to estimate ore resources for production purposes. It averages the
nearest 10-foot drill core analyses to the 20-foot height of the block, and then averages all nearby
drill core averages adjusted by distance to determine a number for sulfur content in the 50 x 50 x
20 feet block (PolyMet Rock and Overburden Management Plan V. 5, December 28, 2012,
SDEIS reference PolyMet 2012s, Section 2.3, not referenced in the FEIS). There are 436 drill
cores in the mine area. The economic portion of the mine is 528 acres. This calculates to an
average of less than one drill core per acre. The mine area is divided into 133,000 blocks
(SDEIS, pp. 3-39, 40, not referenced in the FEIS).
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This process of determining the block’s average sulfur content will not reflect the highest
concentration found in the nearest drill core. As noted previously, mine site drill core logs
demonstrate large variability of sulfur, even between analyses completed at 10-foot intervals,
which demonstrates the severe heterogeneous nature of the rock (Patelke and Severson, 2005,
Fig. 24, p. 66). Thus, waste rock will definitely contain “seed quantities” of sulfur much greater
than 0.12% and will generate acid that will leach metals from the high sulfur material and from
other rock in its drainage path. Any block may contain rocks with much higher sulfur than what
is calculated as the average.

This process of waste rock characterization is further adulterated by the gross separation of waste
rock by category during the extraction process. Consider that over 13 years, the Category 1
stockpile will contain 167,922,000 tons of waste rock (FEIS p. 3-44). Each blast will remove
250,000 to 300,000 tons of rock (FEIS, p. 3-42). Thus, each blast will remove approximately 85
blocks. A block weighs 3,518 tons (PolyMet, Rock and Overburden Management Plan, SDEIS
reference PolyMet 2012s, p 39. not found in the FEIS reference) and each truck holds 240 tons
of rock. Therefore, each block contains approximately 15 truckloads. Blocks or portions of
blocks with higher sulfur seed concentrations will be transported to the Category 1 pile. If one
block from a blast is mis-characterized and transported to Category 1, more subsequent trucks
moving the blasted rock may replicate this error. The Plan states they will use GPS tracking to
assist in separating rock types (FEIS Reference PolyMet 2015h, p. 33). GPS use cannot resolve
the issue of averages underestimating sulfur concentrations in some rocks.

As a result of these practical constraints, the proposed block evaluation process will result in
stockpiles that will not uniformly meet proposed cutoff concentrations, resulting in much higher
concentrations of metals, sulfate and major ions in leachate than those predicted in the FEIS.
These elevated concentrations in leachate will impact surface water, groundwater, and wetlands
(Myrbo et al, 2017).

Approaches to determining stockpile sorting were considered in FEIS Reference SRK 2007b.
While discussing models, this document noted on page 4:

“Northwest Geochem (1991) comprehensively reviewed modeling methods to predict the
chemistry of waste rock stockpile drainage and concluded that ‘no model exists which
can even generally simulate the most critical physical, geochemical, and biological
processes in waste-rock piles.” Subsequently, MEND (2000) concluded that ‘If
assessments of the behavior of waste rock stockpiles are required, it should be realized
that no reliable modeling approaches are available. Advances have been made in
understanding and modeling the various processes (e.g. flow in unsaturated materials,
pyrite oxidation) but reliably coupling the models remains primarily a topic of
research.’”

Other theoretical and empirical approaches were discussed, and the decision was made to use the

current block model approach, but the block model cannot escape the faults enumerated in both

the FEIS Reference SRK 2007b and this review.

Although the SDEIS acknowledges that much higher rates of leaching would result if waste
rock piles were to become acidic, up to a factor of 8.2 times the predicted

concentrations/volumes (SDEIS, p. 5-51), in the FEIS, PolyMet’s predictions of leachate
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concentrations/volumes from the permanent Category 1 waste rock stockpile are based on
humidity testing. As a result of that testing, Polymet assumes Category 1 waste rock will
not become acidic and thus will not discharge toxic chemistries (FEIS, Polymet 2015h). The
USACE states its approval to use Category 1 waste rock for construction material
(USACE, Record of Decision 2022 p. 45), and this use is allowed under the proposed 404
permit. However, this material must be considered reactive waste under Minn. Rules
6132.0200 Subp 28, which states:

Reactive mine waste means waste that is shown through characterization studies to release substances
that adversely impact natural resources.

Category 1 has a high potential for leaching of metals, sulfate and major ions beyond
surface water standards and should not be used as construction material, acidic or not.

b. Gaps in Characterization of Waste Rock Parameters

The FEIS uses block modeling, originally used to predict the amount of profitable resource, to
separate very heterogeneous waste rock into four classes based on the sulfur concentrations.

In general, elements of both economic and non-economic interest within the Duluth Complex are
widely dispersed but locally concentrated. Copper, nickel, cobalt, zinc, mercury, arsenic, sulfur,
chlorides, as well as major ion concentrations vary within the host rocks. These elements also
vary in their relative economic and metallurgical value and in the significance of their relative
environmental concentrations. As proposed by PolyMet, waste rock will not be blended to an
average concentration, as it must be for the beneficiation process. Even after blending,
anomalous concentrations of unwanted contaminants, such as pyrite and/or pyrrhotite, chloride,
arsenic, and mercury will be processed and discharged as tailings.

The previously completed humidity testing sampling focused only on the presence of sulfides in
its core- and geologic unit selection process, so the sampling and analyses were limited to
parameters closely associated with the sulfide-bearing minerals. (FEIS Reference PolyMet
2015q, pp.7-1F). This sampling and analysis process failed to address concentrations of other
parameters that exist within the non-sulfide-bearing host rock. Non-sulfide parameters and major
ions are also of environmental concern.

During humidity cell testing, numerous parameters from the PolyMet test rocks demonstrated
releases of leachate at near-neutral-to basic pH (FEIS Reference SRK2007b, App. H.2.). These
releases can be expected to be at environmentally elevated concentrations, regardless of the
circumneutral leachate pH. Humidity testing was designed to separate acid leachates from non-
acid leachates using sulfur as the only parameter needed for rock stockpile classification. The
assumption then followed that category 1 waste rock could be contained by less expensive
containment and could be used as fill. This ignores the fact that non-acid leachates have
demonstrated to remain acutely toxic to test organisms at the Dunka mine. And major ions
through elevated specific conductance have also been demonstrated to be toxic to aquatic
invertebrates. Thus, the only benefit of separation is to somewhat reduce toxicity, not to
determine it is non-toxic and thus requires less extensive management and can be used as fill.

As discussed previously, high-sulfide concentration inclusions (seed quantities) will produce
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pockets of acid leachate within the piles, leaching metals along the drainage path. If neutralizing
rock is not sufficiently present, the leachate will be acidic and contain metals and other
contaminants. If neutralizing rock is sufficiently present, circumneutral leachate will still contain
metals, especially nickel, which is environmentally mobile, sulfate, and other contaminants. As
in the humidity testing to predict sulfates, use of the block modeling averages underestimates
metals leachate production.

Unlike many other copper (Cu) deposits in the United States, the PolyMet deposit contains
significant quantities of nickel, potentially significant quantities of cobalt, platinum, and gold
(Co, Pt, Au) and also contains other associated elements, including but not limited to arsenic and
mercury (As, Hg). Rock from the Duluth Complex in this area contains disseminated
mineralization, that may or may not produce acidic leachate, but will still leach heavy metals far
above surface water standards at potentially toxic levels (Lapakko et al, 1980). The release of Cu
can be reduced by adjustments to a circumneutral pH (pH 6.7 to 7.2), by adding limestone to
waste rock piles, but this is not true for Ni, Co, and Zn, which are readily released in near neutral
pH (+/- pH 7) (Lapakko et al, 1980; Rinker et al, 1999; MEQB, 1977; Eisenreich et al, 1976).
Unlike the PolyMet FEIS, which did not discuss circumneutral impacts which clearly fall under
the definition of a reactive waste in Minn. Rules 6132.0200 Subp 28, the Regional Cu-Ni Study
states that leachate impacts of nickel, cobalt and zinc are of great significance (Minnesota
Planning Agency,1979).

Acid rock drainage related to copper and sulfur is not a sufficient indicator for determining how
much leaching of toxic metals will occur, since there are numerous reports on the Duluth
Complex in the area demonstrating significant releases of Ni, Co, and Zn at circumneutral pH.
(Eisenreich et al, 1977, p. 27; Lapakko 1980, p. 3; Eger et al, 1980, pp 9-10).

Pilot testing has demonstrated at the former LTVSMC’s Dunka mine that only a 10 percent
reduction in Ni releases resulted from the use of limestone in the Dunka Mine Duluth Complex
waste rock seepage site (Eisenreich, 1977). The use of limestone also increases major ion
concentrations in an environment that is naturally very low in major ion concentrations is toxic
to sensitive invertebrates (Johnson, 2015, Cormier, 2016).

Elevated releases were toxic from Cu, Ni, Co, and Zn at near neutral pH, from the Duluth
Complex stockpiles at the LTV Dunka Taconite Mine (a.k.a. Cliffs Erie Dunka Mine). The
AMAX test site (now Teck) and Spruce Road Bulk Sample Site (now Twin Metals)
demonstrated similar chemistries. Cliffs Erie required a variance from Minnesota water quality
standards with respect to acute toxicity for its 2001 Dunka Mine NPDES Permit MN0042579,
(Northshore, 1970’s to present, pp. 11-15).

Minnesota’s Regional Cu-Ni Study data showed that Duluth Complex waste rock leachates have
a high probability of aquatic toxicity (Eger et al, 1980, p. 197). The median trace metal
concentrations (Ni, Cu, Zn and Co) from Dunka Mine stockpiles with circumneutral pH had
leachate seepages that ranged from 10 to 10,000 times the natural background levels of streams
in the area (Lapakko et al, 1980, p.3). In August 1988, the Minnesota Pollution Control Agency
(MPCA) determined all of these discharges to be acutely toxic. The leachates were found toxic to
Ceriodaphnia dubia in as low as 3 to 14 percent dilutions. These discharges are the most acutely
toxic discharges known in the state (MDNR, 1983; Johnson et al, 1989; Northshore/MPCA,
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since 1970s). Copper, nickel, cobalt and zinc metals are all highly toxic to aquatic life at low
levels (micrograms per liter), and may have negative human health effects at marginally higher
levels. For example, the U.S. Environmental Protection Agency (EPA) has determined that some
forms of nickel are human carcinogens (ATSDR, 2005).

The average annual precipitation for the Project area is 28.4 inches. The 855.9 acres of stockpiles
projected for the PolyMet mine site can be expected to receive 660,008,592 gallons of
precipitation in an average year. Uncovered AMAX test plots indicated 50 to 60 percent of
precipitation was released as leachate (Eger, P. et al, 1979). In an average year, a rough estimate
would predict PolyMet stockpiles will produce 330,000,000 to 396,000,000 gallons of leachate,
containing metals and sulfides.

Both acid and circumneutral leaching must be anticipated from all stockpiles of mineralized
Duluth Complex waste rock (Eger et al, 1980; Lapakko et al, 1980; MEQB, 1977; Eisenreich,
1976, p. 27). This leaching would far exceed surface water standards and should be expected to
be acutely toxic (Northshore/MPCA, since 1970’s; MDNR, 1983, Johnson 1989). Experience
suggests that toxic metal releases of Ni, Co and Zn exceeding surface water standards can be
expected indefinitely, if not in perpetuity, in the Partridge River Watershed. Category 1 stockpile
rock will likely have the same chemical concentrations at a neutral pH as the low sulfur stockpile
piles at Dunka and MinnAmax. The use of Cat 1 waste rock for fill can be expected to release
toxic leachates.

PolyMet’s proposed mine pit sidewalls would likely contain not only rocks from the Duluth
Complex, but also rocks from the Virginia- and Biwabik Iron Formation. These underlying and
included rock formations will also produce acidic leachate and metals concentrations that are
orders of magnitude above surface water standards. This was documented in the Cu-Ni Study
sampling of the U.S. Steel bulk sample pit at the Filson Creek site. A 33-day laboratory test of
the Duluth Complex rock resulted in elevated metals releases in water, with increased releases as
the water’s oxygen content increased (Eger et al, 1980, pp. 108,110). In the Cu-Ni Study, the
Minnesota Department of Natural Resources (MDNR) also expressed concerns over mine pit
sidewall leaching (Eger et al, 1980, p. 263).

The use of a block model intended to predict the amount of profitable
resource to determine concentrations of other parameters does not
accurately predict potentially toxic waste rock leachates. This error will
compound the inaccuracies resulting from the averaging of the sulfate
mineralogy from the humidity testing. Predictions of metal leachate species,
volumes, and concentrations in the FEIS are likely to be underestimated.
Additional mass balance analysis of non-production metals should be
required, particularly for environmental parameters of concern, especially,
but not limited to arsenic, mercury, zinc, chlorides, and major ions.

4. Gaps in Tailings Analysis
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In the PolyMet FEIS and supporting documents, no testing of beneficiation processing occurred
and no tailings wastes were tested for total leachate chemistry. The lack of this testing leaves
gaps in the list of chemical constituents that ultimately are used to predict leachate chemistry.

PolyMet’s sulfate leachate predictions ignored the significant contribution of pyrite and
pyrrhotite (iron sulfides) that will not be beneficiated, and thus will be deposited in the tailings
basin. Over a period of three years, the Minnamax tailings produced sulfate leachates with a
maximum concentration of 3,950 mg/l and averaged concentrations of 1,752 mg/l, far higher
than the FEIS predictions.

PolyMet’s chloride predictions were also extremely low, given the fact that high concentrations
of chloride brines are found within the serpentinized ultramafic rocks (e.g., peridotite) of the
Duluth Complex. (Dalberg, 1991; Pasteris, 1995). At both the PolyMet and Twin Metals
deposits, these serpentinized rocks often contain potentially economic concentrations of the
platinum group metals in addition to copper and nickel sulfides (Miller et al, 2002).

PolyMet’s FEIS failed to mention that data from the Minnamax (now Teck) deposit showed
elevated chlorides during the dewatering and tailings testing processes. Shaft water testing by
MDNR demonstrated chlorides in the closed Minnamax shaft ranging from 462 mg/I to 667 mg/I
from 1’ to 300” deep (MDNR, 1985). Over a period of three years, the Minnamax tailings testing
showed that tailings produced chloride leachates with a maximum concentration of 4,690 mg/1
and averaged 890 mg/l (MDNR 2004), far higher than the FEIS predictions.

The FEIS failed to use bulk sampling beneficiation tailings to predict
leachate chemistry and concentrations. The leachate chemistry in the FEIS
ignores existing data that suggests PolyMet’s leachates will be significantly
more chemically concentrated than predicted. In the selection of chemical
parameters for tailings leachate sampling and analysis, the FEIS ignored
existing tailings leachate data and impacts from the Minnamax (now Teck)
deposit that is also located in the Partridge River Intrusion. The PolyMet
tailings analysis also failed to use actual waste from the final PolyMet
beneficiation process to analyze leachate chemistry. This resulted in a total
inability to predict the chemical species and their concentrations that will
escape containment and be released into the St. Louis River watershed,
wetlands, and Fond Du Lac Reservation waters. As a result, predictions of
impacts to these areas cannot be determined, and the 404 Permit must be
rescinded.

5. Gaps in Wastewater Treatment System Evaluation

Wastewater treatment systems must go through laboratory treatment testing to determine the
effectiveness of the treatment to meet goals and operate efficiently, as well as determining the
chemistry of waste that will be produced. It is critical in the successful design and operation of
any treatment system that the volume of waste and the chemicals involved, as well as each of the
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chemical’s concentrations are identified. Once these factors/parameters are identified, a
preliminary system design can be made. No such testing has been performed in support of the
PolyMet project’s wastewater treatment system.

PolyMet’s proposed wastewater treatment design cannot be validated due to the following
omissions and oversights:

1. Limited testing of waste rock leachates;

2. The inability to prevent elevated sulfide-bearing materials from being included within
or added to Category 1 stockpiles;

3. The inability to chemically assess all tailings leachate chemistry and concentrations;

4. The inability to accurately predict the chemicals and concentrations of leachates
collected by the hydrometallurgical facility lined lagoon collection system;

5. It is not possible to predict the design success of a wastewater filtration system to meet
any of the stated output goals; and

6. It is also not possible to determine chemistry of the reject water such that it can be
disposed in compliance with all existing environmental regulations.

The proposed wastewater treatment system lacks critical chemical analyses
and chemical concentrations, as shown in each of the above sections.
Additionally, the lack of relevant inflow chemistry data precludes any
realistic prediction of the reject water chemical concentrations. The
wastewater treatment system uses a series filtration systems to remove
chemical contaminates. These filters become plugged. To unplug the filters
clean water is back flushed through the filters. The backflush consisting of all
the filtered chemicals and water is called reject water and requires
appropriate disposal. The chemical concentrations of waste rock tailings or
smelting wastes are not sufficiently known to be able to design a facility to
meet the goals. Lagoon leakage chemistry and concentrations cannot be
predicted until this information is known. Since complete chemical analyses
and the chemical’s concentrations and regulatory status remain unknown,
impacts of chemicals escaping containment and released into the St. Louis
River watershed, wetlands, and Fond Du Lac Reservation waters cannot be
determined. As a result, predictions of impacts to these areas cannot be
determined, and the 404 Permit must be rescinded.

REFERENCES
Agency for Toxic Substances and Disease Registry (ATSDR), Nickel ToxFAQs, CAS # 7440-02-
0, 2005, https://www.atsdr.cdc.gov/toxfags/tfacts15.pdf

AMAX 1978, Elevated Bog Water Conductivity, AMAX Environmental Services Inc.
Minnesota Pollution Control Library TD195.MSE441978.

Amrhein, Christopher, James E. Strong, and Paul A. Mosher, , Effect of deicing salts on metal
and organic matter mobilization in roadside soils, Environ. Sci. Technol., 1992, 26 (4), pp. 703—
709.

12

Att. 2 to MCEA/Friends, et al. June 6, 2022 Comment



Bates, Robert L., and Julia A. Jackson, Dictionary of Geologic Terms, American Geological
Institute, Third Edition,1983.

Benko 2015, Hydrothermal Alteration and Cu—Ni—PGE Mobilization in the Charnockitic Rocks
of the Footwall of the South Kawishiwi Intrusion, Duluth Complex, USA. Zsolt Benko, Aberra

Mogessie, Ferenc Molnér, Kurt Krenn, Simon R. Poulson, Steven Hauck, Mark Severson, Greg
B. Arehart, Ore Geology Reviews, 67 (2015) 170—188.

Cormier, Susan, Ph.D., REVIEW: “An Evaluation of a Field-Based Aquatic Benchmark for
Specific Conductance in Northeast Minnesota” (November 2015). Prepared by B. L. Johnson
and M. K. Johnson for Water Legacy. National Center for Environmental Assessment—
Cincinnati, Office of Research and Development, U.S. EPA, Feb. 24, 2016

Dahlberg, Eduard H., and Bernhardt Saini-Eidukat, A Chlorine-bearing Phase in Drill Core of
Serpentinized Troctolitic Rocks of the Duluth Complex, Minnesota, Canadian Mineralogist Vol.
29, 1991, pp. 239-244.

Doner, H. E., Chloride as a Factor in Mobilities of Ni(Il), Cu(Il), and Cd(Il) in Soil, Soil Science
Society of America Journal, Vol. 42 No. 6, pp. 882-885.

Eger, P., Johnson, B., Hohensteen, G., MDNR, AMAX Leaching and Reclamation, Jan. 29,
1979.

Eger, P., and Lapakko, K., Environmental Leaching of Duluth Gabbro Under Laboratory and
Field Conditions: Oxidative Dissolution of Metal Sulfide and Silicate Minerals. Minnesota
Department of Natural Resources, Division of Minerals, 1980, pp. 12, 4, 188.

Eisenreich, S. J., M.R. Hoffman and 1. Iwasaki, Metal Sulfide Leaching Potential in the Duluth
Gabbro Complex, Report to Minnesota Regional Copper-Nickel Study, 1976.

Eisenreich, S.J., M.R. Hoffman, and K. Lapakko, Mechanism and Control of Metal Sulfide in
Gabbro Mining-Related Solids, Report to Minnesota Regional Copper-Nickel Study, 1977, p. 27.

Geerts, Stephen, Randal J. Barnes and Steven A. Hauck. Geology and Mineralization in the
Dunka Road Copper-Nickel Deposit, St Louis County, Minnesota, March 1990, NRRI/GMIN-
TR-89-16, pp. 17, 11.

Hargy, T., Analysis of Groundwater From shaft and Drill Holes at the Minnamax Site Near
Babbitt, MN, Kennecott KenCopper, Table 5.

Health Canada, Priority Substances List Assessment Report For Road Salts, 1999.

Karraker, Nancy E., James P. Gibbs, and James R. Vonesh, Impacts of Road Deicing Salt on the
Demography of Vernal Pool-Breeding Amphibians, Ecological Applications, 18(3), 2008, by the
Ecological Society of America, pp. 724-734.

Johnson, B. and J. Strudell, MPCA Proposed Dunka Memorandum to Russell Felt, Mar. 28,
1989, available from author on request.

13

Att. 2 to MCEA/Friends, et al. June 6, 2022 Comment



Johnson, Bruce L, and Maureen K. Johnson, An Evaluation of a Field-Based Aquatic Benchmark
for Specific Conductance in Northeast Minnesota, November 2015.

Lapakko, K. and P. Eger, Environmental Leaching of Trace Metals from Waste Rock and Lean
Ore Stockpiles, p. 3 (1980), MDNR 1980, pp. 195-196, available from author on request.

Lin, H.K., and P.D. Rao, Ferric Chloride Leaching of the Delta Sulfide Ores and Gold
Extraction from the Leaching Residue, Library of Congress Catalog Card Number 88-061592
ISBN0-911043-08-X, May 1988.

Miller, James D. Jr., John C. Green, Mark J. Severson, Val W. Chandler, Steven A. Hauck; Dean
A. Peterson; Timothy E, Wahl. Geology and Mineral Potential of the Duluth Complex and
Related Rocks of Northeastern Minnesota, Report Investigations 58 ISSN0076-9177, University
of Minnesota, St Paul, 2002, pp. 85, 87, 89.

Minnesota Department of Natural Resources, Bob Bay Study, 1983.

MDNR, Drainage from Copper-Nickel Tailings: Summary of a Three Year Field Study,
Minnesota Department of Natural Resources, Division of Lands and Minerals, July 2004.

MDNR, An Evaluation of the Ecological Significance of the Headwaters Site Northern Superior
Uplands Ecological Land Classification System Section; Laurentian Uplands Subsection Lake
and St. Louis Counties, Minnesota Department of Natural Resources Minnesota County
Biological Survey Division of Ecological Services, March 2007.

Minnesota Environmental Quality Board, Spruce Road Bulk Sample Site & Spruce Road Bulk
Sample Site Monitoring Results, Reports to Minnesota Regional Copper-Nickel Study, 1977, p.
19, http://archive.leg.state.mn.us/docs/pre2003/other/CBN 148.pdf

Minnesota Planning Agency, Minnesota Regional Copper-Nickel Study, Executive Summary,
August 31, 1979, p. 45, 48-49, http://www.leg.state.mn.us/docs/pre2003/other/792632.pdf

Minnesota Pollution Control Agency, Pers. Comm., October 24, 2014 HZ Waste Determination,
From Richard Clark to Lisa Fay, Subject PolyMet information on HRF Residues

MPCA DNR Bulk Export Data, PolyMet Mining Inc. NPDES Permit Number MN00540809

Myrbo, A., E.B. Swain, N.W. Johnson, D.R. Engstrom, J. Pastor, B. Dewey, P. Monsoon, J.
Brenner, M. Dykhuizen Shore, and E.B. Peters; Increase in nutrients, mercury, and methyl
mercury as a consequence of elevated sulfate reduction to sulfide in experimental wetland
mesocosoms, Journal of Geophysical Research: Biogeosciences, 2017

Northshore Mining/ Minnesota Pollution Control Agency, NPDES Permit MN0042579 and
Dunka Mine Reports to MPCA, 1970s to present.

Novotny, Eric, Dan Murphy and Heinz Stefan, Road Salt Effects on the Water Quality of Lakes
in the Twin Cities Metropolitan Area, ST. ANTHONY FALLS LABORATORY Engineering,
Environmental and Geophysical Fluid Dynamics, Project Report No. 505, December 2007.

14

Att. 2 to MCEA/Friends, et al. June 6, 2022 Comment



Pasteris, Jill Dill, Teresa N. Harris, and David C. Sassani, Interactions of Mixed Volatile-Brine
Fluids in Rocks of the Southwestern Footwall of the Duluth Complex, Minnesota: Evidence from
Aqueous Fluid Inclusions, American Journal of Science, Vol.295, February 1995, pp. 125-172.

Patelke, Richard L., and Mark J. Severson, 4 History of Copper-Nickel and Titanium Oxide Test
Pits, Bulk Samples, and Related Metallurgical Testing in the Keweenawan Duluth Complex,
Northeastern Minnesota, Jan 2005, Technical Report NRRI/TR-2005/01.

PolyMet/MPCA NPDES MN00054809 Permit Discharge Monitoring Reports

Rinker, M.J., R. V. Nicholson, M.A. Venhuis, & B. Swarbrick, Implications of Non-Acid Metal
Leaching on Mine Rock Management at a Nickel Mine in Permafrost Terrain: 1-Mine Rock
Evaluation (1999), available from author on request.

Robertson, Dr. A. MacG., Steffen Robertson, and Kirsten (B.C.) Inc., Alternative Acid Mine
Drainage Abatement Measures, Vancouver B.C. Canada, Proceedings of the 11th Annual British
Columbia Mine Reclamation Symposium in Campbell River, BC, The Technical and Research
Committee on Reclamation (1987), p. 74.

Sadowski, Eva, The Impacts of Chloride Concentrations on Wetlands and Amphibian
Distribution in the Toronto Region, Brandon University, Prairie Perspectives, p. 144-162.
Severson, M.; Igneous Stratigraphy of the South Kawishiwi Intrusion, Duluth Complex,
Northeastern Minnesota; Technical Report NRRI/TR-93/34, Natural Resources and Research
Institute, December 1994.

Severson, Mark J., and Randal J. Barnes, Geology, Mineralization, and Geostatistics of the
Minnamax/Babbitt Cu-Ni Deposit (Local Boy Area), Minnesota, Part I1: Mineralization and
Geostatistics, NRRI Technical Report NRRI/TR-91/13b, June 1991, pp. 55-57.

Thingvold, Daryl, Nancy Sather, and Peter Ashbrook, Water Quality Characterization of the
Copper-Nickel Water Quality Research Area, December 1979.

US Environmental Protection Agency, Ambient Aquatic Life Water Quality Criteria For
Chloride, Office of Research and Development, Environmental Research Laboratory, Duluth,
Minnesota, EPA 440/5-88- 301, February 1988.

US Forest Service Superior National Forest, Federal Hardrock Minerals Prospecting Permits
Project, Final Environmental Impact Statement, Appendix G. 04/09/2012 (rev).

http://www.fs.usda.gov/wps/portal/fsinternet/!ut/p/c5/04 SBSKS8XxLLMIMSSzPy8xBz9CP0os3g
DfxMDT8MwRydLA1¢j72BTU wMTAwgAykeaxRtBeY4WBv4eHmF-YT4GMHkidBvgAI6E

15

Att. 2 to MCEA/Friends, et al. June 6, 2022 Comment



An Evaluation of the Ecological Significance of the
Headwaters Site

Northern Superior Uplands Ecological Land Classification System Section;
Laurentian Uplands Subsection
Lake and St. Louis Counties, Minnesota

Minnesota | Prepared by:
Department of Natural Resources
Minnesota County Biological Survey
Division of Ecological Services

DEPARTMENT OF
(ATURALRESOURCES | March, 2007

Att. 3 to MCEA/Friends. et al. June 6. 2022 Comment




Att. 3 to MCEA/Friends. et al. June 6. 2022 Comment



An Evaluation of the Ecological Significance of the
Headwaters Site

Northern Superior Uplands Ecological Land Classification System Section;
Laurentian Uplands Subsection
Lake and St. Louis Counties, Minnesota

Prepared by:

Minnesota County Biological Survey
Division of Ecological Services
Department of Natural Resources
Box 25, 500 Lafayette Rd.

St. Paul, Minnesota 55155-4025

March, 2007

Att. 3 to MCEA/Friends. et al. June 6. 2022 Comment



TABLE OF CONTENTS

SUMMARY .ttt bbbt bbb e e bt b e b e Rt e bt b e e Rt bt et b e bbb e 1
ECOLOGICAL SIGNIFICANCE .......ooiiiitieie ettt 1
OVBIVIBWW ...ttt b bbbt bbbt e e e e bttt bbb e ne e 1
Ge0ologiC CONEXTt ANG FEALUIES ........ocuiiiiitiiieiie ettt 4
Hydrologic Context and FEALUIES ...........ooiiiiiiiiieieere e 5
HISTOMC VBOBTALION ... bbb 8
Natural Disturbance History and Forest Development ...........cccovvviiriiicnencncseseseeene 9
Native Plant COMMUNITIES ........cooiiiiiiiieiiieeee e 10
Native Plant Community Complex DeSCIPLiONS.........cccciiiiiriiiiieieieee e 24
RAME PLANTS ...ttt b e 25
ANTMAIS ... bbbttt bbb 26
HUMAN DISTURBANCE AND USE.......ccoooiiiiiiiiieie et 34
LAND OWNERSHIP PATTERN ...ttt 36
THREATS ..ttt bbb bt b e b e e e Rt e bt s b e e e bt et et e st et e st e e e n e be e 37
MANAGEMENT RECOMMENDATIONS ..ottt 37
OVBIVIBWW ...tttk bbbt bt bbbt e e et e bt e b e bt bbb 37
Protection RECOMMENTALIONS .......c.viiiiiiiiieie s 39
Management CONSIAEIATIONS. .......c.oiuiriiririiierieeie e 41
ACKNOWLEDGEMENTS ...ttt 45
INFORMATION SOURCES. ...ttt 45
APPENDICES ...ttt ettt 49
Appendix 1. Element Occurrence Records (EORs) from the Headwaters Site.................. 49
Appendix 2. Relevés from the HeadWaters Site ..........ccocovviriniiinieniisereee e 61
FIGURES ...t bbb bt a bbbt bbbt et bt bttt 79
Figure 1. Location of the Headwaters MCBS SIte ........ccccooiiiiiiiiiiieiciec e 79
Figure 2. Ownership of the HeadWaters SIte ...........cccoveiiiiiiiiiiiicececee e 81
Figure 3. Watersheds of the Headwaters Site............ccoooriiiiiiiiiiincccce e 83
Figure 4. MCBS Sites Surrounding the Headwaters Site ............ccoceveiiieniieninenesens 85
Figure 5. Native Plant Communities of the Headwaters Site...........c.ccooererereniinieniinnnnns 87
Figure 6. Geomorphology of the Headwaters SIte............ocovvriiiiiiniieiieiee e 89
Figure 7. SNA Watershed ProteCtion Ara..........cooveueieririninesisieeeee et 91
PHOTOS ..t bbb bbb bbb et e bbb et et e bt e bt et 93

Att. 3 to MCEA/Friends. et al. June 6. 2022 Comment



SUMMARY

DATE: January 2007 AUTHORS: Chel Anderson and Ethan Perry
NAME OF SITE: Headwaters COUNTY: St. Louis and Lake
STATEWIDE BIODIVERSITY RANK: Outstanding

ECS REGION: Northern Superior Uplands Section; Laurentian Uplands Subsection (Figure 1)

DNR QUAD CODES (USGS QUADS): H22d, H23c (Babbitt SE, Greenwood Lake West)
H23b (Slate Lake West)

LEGAL DESCRIPTION: T58N R12W Sec 1-4, 9-16, 21
T59N R12W Sec 1, 11-15, 22-28, 33-36
T58N R11W Sec 3-10, 16-18
T59N R11W Sec 4-12, 14-23, 27-34

APPROXIMATE ACREAGE: 38,713

OWNERSHIP: U.S. Forest Service, State of Minnesota, St. Louis and Lake counties, private
inholdings (Figure 2; Table 7)

ECOLOGICAL SIGNIFICANCE

Overview

The Headwaters Site straddles the continental divide, with water from the Site flowing both east
through the Great Lakes to the Atlantic Ocean and north to the Arctic Ocean. Paradoxically, the
divide runs through a peatland. Although the peatland appears flat, water flows out of it from all
sides, forming the ultimate source of rivers that eventually reach two different oceans. The Site is
the headwaters of four rivers: Stony River, Dunka River, South Branch Partridge River, and the
St. Louis River, which is the second largest tributary to Lake Superior (Figure 3 page 83).

The Headwaters Site encompasses vast peatlands on its eastern side, unfragmented upland forests
in the west, and broad transition zones between them. Within the Site are two distinct areas,
referred to in the document as the “Extensive Peatlands” and the “Big Lake Area,” which are
linked hydrologically as part of the Upper St. Louis River watershed. The Extensive Peatlands
area is a mosaic of open and forested wetland communities and includes forested upland islands
and peninsulas. The Big Lake Area, in the southwestern quarter of the Site, includes Big Lake
and surrounding unfragmented upland forest interspersed with small wetlands.

The Headwaters Site is unique in northeastern Minnesota in several ways. The size and complex-
ity of the peatlands in the Extensive Peatlands are unmatched in the Northern Superior Uplands
Ecological Land Classification System (ECS) Section. The Sand Lake Peatland Scientific and
Natural Area (SNA), established by the Wetlands Conservation Act of 1991, protects one of the
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15 most significant peatlands in the state, and it is by far the largest SNA in the Section (MN
DNR 1984).

The Nature Conservancy’s (TNC) Superior Mixed Forest (SMF) Ecoregion Plan identifies the
Sand Lake/Seven Beavers (SL7B) conservation area, including the entire Headwaters Site, as one
of 51 conservation areas in the Ecoregion? that best represent the ecosystems and species of the
Ecoregion, and serve as a blueprint for conservation action (The Nature Conservancy and Nature
Conservancy Canada 2002). According to the SMF Ecoregion Plan, these conservation areas

are the best opportunities for conserving the full diversity of terrestrial and aquatic ecosystems
and globally rare or declining species.? The SMF Ecoregion Plan identifies these areas as critical
places for conserving biodiversity (SMF Plan - Section 7.5) and outlines the threats to conserva-
tion and conservation targets for these areas (SMF Plan - Appendix F), recognizing that more
detailed site planning is needed to address how to implement conservation efforts (Section 7.5).

The Minnesota Pollution Control Agency has ranked the Upper St. Louis River watershed in the
second highest category in the Lake Superior Basin for watershed integrity (Minnesota Pol-
lution Control Agency 2003). The Headwaters Site is among the highest quality areas within
the watershed. The upland forest surrounding Big Lake is among the largest, if not the largest,
unfragmented, predominantly upland forest in the North Shore Highlands, Toimi Uplands, and
Laurentian Uplands (NTL) ECS Subsections. The upland forest area covers 7,920 acres (includ-
ing 788-acre Big Lake). This high-quality, fire-dependent forest has not been logged in recent
decades, except for two stands totaling 140 acres, along the northern edge of the Site.

Covering an area roughly 11 to 12 miles (from northeast to southwest) by 7 to 8 miles (from
northwest to southeast), the Headwaters Site is a mosaic of high-quality native plant communi-
ties that have functioned under relatively undisturbed conditions since the nineteenth and early
twentieth century, when parts of the Site were logged and then burned by wildfires. A corridor
containing a railroad grade and power line crosses this vast area, representing the only major
permanent conversion of the natural landscape. Minnesota County Biological Survey (MCBS)
sites bordering about two-thirds of the Site’s boundary have been assigned High or Moderate
statewide Biodiversity Significance (Figure 4, page 85). The lack of roads, absence of recent
large-scale logging, and large size of the Site allow for natural functioning of ecological process-
es. These processes include disturbances such as wind, fire, and flooding, as well as plant species
competition, nutrient cycling, and hydrology. Natural landscape patterns, such as patch size of
the various plant communities, have not been altered, in comparison with most other parts of
northeastern Minnesota (White and Host 2003). Minimal recent human disturbance also results
in a landscape with very few populations of exotic or invasive species.

The predominant upland forest native plant community in the Big Lake Area is Aspen - Birch
Forest [FDn43b], with inclusions of Upland White Cedar Forest [FDn43c] and White Pine - Red

1 The SMF Ecoregion is located near Lake Superior and includes portions of Michigan, Wisconsin, Minnesota,
Manitoba and Ontario.

2 The Sand Lake Seven Beavers terrestrial conservation area intersects with the Sand Lake Complex/St. Louis River
headwaters and the Upper Cloquet River aquatic conservation areas, identified in the Great Lakes Ecoregion Plan
(The Nature Conservancy 2000).
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Pine Forest [FDn43a] (Figure 5, page 87)%. Isolated wetlands within the Big Lake Area’s upland
forest support a variety of native plant communities, including Northern Poor Conifer Swamp
[APn81], Northern Rich Spruce Swamp (Basin) [FPn62], White Cedar Swamp (FPn63a), North-
ern Alder Swamp [FPn73a], and Black Ash - Conifer Swamp [WFn64a]. (See Native Plant Com-
munities below for descriptions, and Relevés, Appendix 2, page 61.)

The Extensive Peatlands are composed of a complex of native plant communities, including
Northern Cedar Swamp [FPn63]; Northern Rich Spruce Swamp (Basin) [FPn62]; Northern
Alder Swamp [FPn73]; Northern Rich Tamarack Swamp (Water Track) [FPn81]; Northern Rich
Fen (Water Track) [OPn91]; Northern Rich Fen (Basin) [OPn92]; Northern Shrub Shore Fen
[OPNn81]; Northern Spruce Bog [APn80]; Northern Poor Conifer Swamp [APn81]; Northern
Open Bog [APNn90]; and Northern Poor Fen [APNn91]. The many upland islands in this portion of
the Site provide additional native plant community diversity, supporting community types in the
Northern Dry-Mesic Mixed Woodland [FDn33] and White Pine-Red Pine Forest [FDn43] classes
(Figure 5). (See Native Plant Communities below for descriptions and Relevés, Appendix 2.)
The Headwaters Site supports healthy known populations of eight state-listed plant species, all of
which are listed as Special Concern (SPC) in Minnesota: coastal sedge (Carex exilis), Michaux’s
sedge (Carex michauxiana), English sundew (Drosera anglica), bog rush (Juncus stygius),

small green wood orchid (Platanthera clavellata), Lapland buttercup (Ranunculus lapponicus),
sooty-colored beak rush (Rhynchospora fusca), pedicelled woolgrass (Scirpus cyperinus/S.
pedicellatus), and Torrey’s mannagrass (Puccinellia pallida) (see Table 3, page 26, and Element
Occurrence Records, Appendix 1, page 49). The unfragmented complex of high-quality native
plant communities within and across the Site’s landforms provide excellent habitat for a wide va-
riety of animal species distinctive of the landscape, including moose, gray wolf, sandhill cranes,
American bitterns, boreal and great gray owls, and numerous amphibians, butterflies, and small
mammals.

In 2005 and 2006 the Minnesota County Biological Survey of the MN DNR conducted rare plant
and native plant community fieldwork, mapped the native plant communities and completed

this Ecological Evaluation of the Headwaters Site. Based on the natural features and conditions
revealed through this recent work and that of others since the 1980s, MCBS recommends the pri-
mary management objective for the Headwaters Site be to protect, enhance, or restore ecological
processes and native plant community composition and structure. In accordance with this objec-
tive, the site or portions of the site may be identified by landowners or land management agencies
for conservation activities such as special vegetation management, including ecologically based
silviculture and forest development activities,* or for designation as a park (city, county, state,

or private), research natural area, non-motorized recreation area, scientific and natural area, or
other reserve. This Ecological Evaluation has been written to characterize the ecological signifi-
cance of the MCBS Site as a whole and to serve as a guide for conservation action by the various
landowners.

3 The native plant community names and codes used in this document generally refer to the plant community clas-
sification presented and described in MN DNR (2003).

4 Examples of ecologically based silviculture are described in the strategic direction document of the North Shore
Highlands, Toimi Uplands, and Laurentian Uplands Subsection Forest Resource Management Plan, which includes
management direction, strategies, and goals for vegetation management of state forestlands administered by the De-
partment of Natural Resources, divisions of Forestry, Fish and Wildlife, and Trails and Waterways within the North
Shore Highlands, Toimi Uplands, and Laurentian Uplands subsections (MN DNR 2004b).
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Geologic Context and Features

The Headwaters Site is within the Laurentian Uplands Subsection of the Northern Superior
Uplands Section of the Ecological Classification System (see Figure 1, page 81). ECS Sections
are divided into Subsections, which are further divided into Land Type Associations (LTAS).> The
bedrock of the Site is of Precambrian age (1.6 billion to 600 million years old); Duluth Complex
igneous rocks related to the Mid-continent Rift System underlie the Site (Green 1982). The
surficial geology (Figure 6, page 89) expressed at the Site is the result of activity of the Rainy
and Superior lobes of the Late Wisconsin Glaciation, which ended 10,000 to 12,000 years ago
(Ojakangas and Matsch 1982).

Landforms left by these glacial lobes are described by Hobbs and Goebel (1982) and the Uni-
versity of Minnesota-Duluth (1997). The uplands in the western and northern parts of the Site,
including the Big Lake Area, are part of end and ground moraines associated with the eastern
end of the Big-Bird Lake Moraine LTA and the southern edge of the Isabella Moraine LTA.
Rainy Lobe deposits constitute most of these features, but Superior Lobe deposits occur in the far
northern part of the Site. The Rainy Lobe till plain, characterized by low topographical relief and
many wetlands, is located west and north of Big Lake. Two areas of glacial drift with somewhat
more topographic relief are present to the east and northeast of Big Lake (Rainy Lobe) and in
the Isabella Moraine LTA (Superior Lobe). Within the Greenwood Lake Till Plain LTA, Rainy
Lobe ground moraine fringes the Site’s southern boundary and two fingers of Rainy Lobe out-
wash project into the Site’s east-central boundary. Eskers run throughout the Site, generally from
southwest to northeast (parallel to flow of the Rainy Lobe), including along the eastern shore of
Big Lake. Elevations in the Site range from about 1,630 feet, where the Dunka River leaves the
Site, to about 1,760 feet at the top of the esker deposits at the south end of Big Lake.

Outside of the Big Lake Area, the Site’s soils are principally peat (Holocene) of the Seven Bea-
vers Peatland LTA. Peat formation likely began at the Headwaters Site 5,000 to 6,000 years ago.
Peat depth ranges from 15 to 53+ inches. Within the Extensive Peatlands, movement of water,
which is typically imperceptible on the ground, sculpts raised bogs, water tracks, and swamps.
Drumlin and esker islands of loamy till, one to fifty-five acres in size, break the peatland’s flat to
very gently sloping relief.

The U. S. Forest Service has mapped approximately 42% (16,800 acres) of the land within the
Headwaters Site to Ecological Land Types (ELT) 1, 2, 5, 6, 7, 9, 13, and 14 and Land Type
Phases (LTP) 4, 7, 10A, 10B, 13B, 13C, 16A, 24, 30A, 30B, 30C, 31A, 32, 44A, 44B, 44C, and
47, for which the agency has comprehensive descriptions of landform associations, soil proper-
ties, and suitability analyses for a variety of land management and development activities (B.
Luelling, pers. comm. 2005). The glacial drift is more than 40 inches and less than 100 feet thick.
Typically, mineral soils on ground moraines, end moraines, and till plains are sandy loams over
gravelly sandy loam, often with a hardpan below these layers. In areas of outwash, which are

less common in the Site, soils are fine sand over sand and gravel. On steep to gently sloping ter-
rain, mineral soils are typically derived from till associated with ridges with convex, concave, or
nearly linear slopes. Upland mineral soils are typically of moderate fertility, dry and warm during
the growing season, and with a rapid rate of infiltration and permeability. Exceptions are lower
concave side slopes transitioning to wetlands, and drainages, where soils are cooler, typically
with mesic to wet-mesic conditions.

5 See MN DNR (2003) or Minnesota DNR website (http://www.dnr.state.mn.us/ecs/212L/index.html) for a descrip-
tion of the Ecological Land Classification System and units (sections and subsections) in Minnesota,
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Hydrologic Context and Features

As mentioned above, the Headwaters Site straddles the continental divide, with water from the
Site flowing both east through the Great Lakes to the Atlantic Ocean and north to the Arctic
Ocean. Paradoxically, the divide runs through a peatland. Although the peatland appears flat,
water flows out of it from all sides, forming the ultimate source of rivers that eventually reach
two different oceans. The Site is the headwaters of four rivers: Stony River, Dunka River, South
Branch Partridge River, and the St. Louis River (Figure 3, page 83). The largest river leaving the
Site is the North River, which flows south into Seven Beavers Lake, the source of the St. Louis
River. Water from Big Lake flows west into the Partridge River system, which later joins the St.
Louis River on its way to Lake Superior. These two sixth-level sub-watersheds constitute the
headwaters of the St. Louis River watershed; the St. Louis River is the second largest tributary
to Lake Superior. Water from the northwestern part of the peatland flows out the Dunka River to
Birch Lake and eventually to the Rainy River and the Arctic Ocean. The northeastern-most part
of the Site is also part of the Rainy River drainage, by way of Nip Creek and Sand River to the
Stony River, and Birch Lake.

Upper St. Louis River Watershed

The Minnesota Pollution Control Agency has conducted a ranked assessment of the integrity

of minor watersheds in Minnesota’s portion of the Lake Superior Basin (Minnesota Pollution
Control Agency 2003). Ranking was based on condition parameters, including stressors or dis-
turbances within the watershed; and on vulnerability parameters, including values at risk that can
be affected by management activities. Overall, the Upper St. Louis River watershed ranked in the
second highest of five categories of condition among the minor watersheds in Minnesota’s por-
tion of the Lake Superior basin. Although no similar ranking of the Rainy River basin watersheds
has been done, the quality of the native plant communities and undeveloped character of the
Upper Rainy River minor watersheds within the Headwaters Site suggests a similar condition.

Streams

Within the Headwaters Site, the generally flat landscape and high percentage of lakes and wet-
lands combine to create an area with relatively few streams. Streams in the area are generally
unconfined, sinuous, and have low gradients. Annual low flows typically occur during the win-
ter, from December through March. Annual peak flows can occur anytime between March and
November, but most often are associated with snowmelt in early April (Fedora 2005).

Stream flow response to precipitation is highly influenced by water table elevations in the sur-
rounding wetlands. When water tables are high, precipitation moves quickly through the unde-
composed surface layers of peat to become streamflow. When water tables are low, rainfall first
raises the water table, and little water becomes available for streamflow until the water table is
recharged. Generally, low flows in the Site’s streams are likely to be lower than in surrounding
watersheds except in those streams that intercept regional groundwater tables. The pH of streams
in the Site reflects the differing degrees of groundwater influence.

The North River is the major stream of the Headwaters Site. Along with its tributary, Ridgepole
Creek, it drains the majority of the Extensive Peatlands into Seven Beavers Lake, following

a mostly sinuous, low-gradient channel. For most of its length the width is only a few yards,
widening to 30 yards at the mouth (Fedora 2005). The substrate is predominantly silt, with a sand
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component in places. At low water, mudflats along the shore are extremely soft. Devil crayfish
(Cambarus diogenes) burrows were observed in these mudflats; this native species appears to

be declining in number in parts of its range as a result of insecticide use and a decrease in suit-
able habitat (Michigan Department of Natural Resources). Inlets along the North River, where
channels sometimes drain water into the river, have mud flats with spikerushes (Eleocharis spp.),
narrow-panicled rush (Juncus brevicaudatus), mare’s tail (Hippuris vulgaris), arrowheads (Sagit-
taria spp.), scheuchzeria (Scheuchzeria palustris), buckbean (Menyanthes trifoliata), and even a
few spatulate-leaved sundew (Drosera intermedia). The vegetated bank is about 16 inches above
normal water level. The floodplain is dominated by extensive open rich fens, primarily Northern
Rich Fen [OPn92], sometimes with Sphagnum moss and sometimes without. These fens contain
a very large population of Michaux’s sedge (Carex michauxiana), listed as Special Concern in
Minnesota. There are a few small patches of Northern Shrub Shore Fen [OPn81] within the rich
fens; these areas have greater cover of sweet gale (Myrica gale) and leatherleaf (Chamaedaphne
calyculata). A few places along the river also tend toward Sedge Meadow [WMn82b], which has
less fen wiregrass sedge (Carex lasiocarpa) and more beaked sedge (Carex utriculata) and lake
sedge (Carex lacustris) compared to rich fen communities. (See Native Plant Communities below
for more detailed descriptions of these communities.)

The dominant plants growing in the river channel are yellow pond lily (Nuphar variegata), small
yellow waterlily (Nuphar microphylla), white waterlily (Nymphaea odorata), and floating bur
reed (Sparganium fluctuans). These species never cover extensive areas. There are scattered
patches of Torrey’s mannagrass (Puccinellia pallida), listed as Special Concern in Minnesota,
along the water’s edge.

The lower stretch of the North River flows without obstruction, but above Ridgepole Creek the
gradient is almost entirely controlled by small beaver dams, which have been built to the top of
the channel (Fedora 2005). According to Fedora (2005), historical aerial photos revealed that the
pattern of stream meanders remains remarkably unchanged since 1934, despite historical logging
and road construction activities. Although no trees currently grow near the banks of the lower
North River, there are some dead tree stumps, suggesting that water levels have fluctuated signifi-
cantly in the past. A 1934 aerial photo shows a higher water level than subsequent photos, which
show a stable level that matches current conditions.

Nip Creek is part of the Rainy River watershed. This state-designated trout stream flows north-
ward along the Site’s northern boundary from its headwaters in a wetland-and-upland-island
complex in the east-central portion of the Site.

Two unnamed creeks, tributaries of the Dunka River (in the Rainy River watershed), flow to the
northwest from the Site. One of these originates from a large bog and fen complex and the other
originates from the highly heterogeneous mosaic of wetlands and uplands in the northeast corner
of the Site. Both have narrow, sinuous, low-gradient channels, with width generally less than

26 feet. Active and abandoned beaver dams and flooding are common. Ponds are also common.
Along much of the southern extent of these tributaries there are bands of open, low-shrub and
graminoid-dominated vegetation adjacent to the channels. Where observed by MCBS ecologists,
the substrate along these tributaries is predominantly silt.
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Lakes

Lakes of the Headwaters Site are rich in dissolved minerals, with circumneutral pH as evidenced
by water chemistry sampling and abundant presence of aquatic species typical of circumneutral
waters, such as wild rice and water lilies. Origin of lake water is unknown, but the most likely
sources are groundwater springs and streams where present. These waters have significant influ-
ence on adjacent native plant communities, depending on how excess water leaves the lake (see
discussion below in Peatlands Hydrology).

Big Lake lies within the upland forest landscape of the western part of the Site. At 788 acres, its
maximum depth is 30 feet and it has very little emergent or floating vegetation or wetland fringe
compared to nearby large lakes. Almost the entire shoreline is thickly forested. Unlike Seven
Beavers Lake, it has no significant tributaries, but it is the source of the South Branch Partridge
River. Minnesota Department of Natural Resources (MN DNR) Fisheries mid-summer measure-
ments of the lake between 1979 and 1993 documented a pH range of 7.34-7.8 (J. Geis, pers.
comm. 2005). The only shoreline development is a single private cabin set well above the south-
ern shore and accessed by all-terrain vehicle (ATV) or snowmobile, and a boat landing where
several boats are stored at the southern tip, which is accessed by an ATV trail across the railroad
tracks.

Peatland Lakes

Swamp Lake is a small lake ringed by a 30-100 foot band of Low Shrub Poor Fen [APn91a]
vegetation. The fen consists of a mat of Sphagnum moss, floating near the water’s edge but firm
near the surrounding forested peatland. Mounds of Sphagnum are covered with the low shrub,
leatherleaf. Other species common in the fen include Labrador tea (Ledum groenlandicum),
small cranberry (Vaccinium oxycoccos), scheuchzeria, marsh St. John’s wort (Triadenum fraseri),
pitcher plant (Sarracenia purpurea), marsh cinquefoil (Potentilla palustris), bog wiregrass, and
poor sedge (Carex paupercula). There has been recent ATV traffic on federal land along the
northwestern shore, which has left deep tracks in the fen vegetation. A single boat was observed,
on St. Louis County land, on the southern shore where a trail leads to a county-lease cabin 755
feet away on the closest upland outside the Headwaters Site.

The Extensive Peatlands complex includes eleven lakes, three 10 acres or less in size and the
rest ranging from 30 to 160 acres. All the lakes support some floating-leaved aquatic vegetation.
Lake-filling—the gradual process of vegetation growing over lakes—nhas likely already occurred
in the Headwaters peatlands, eliminating and effectively masking the past presence of other
lakes. Current evidence of this process is found in Bonga, Continental, Ridgepole, and Fools
lakes, and to a lesser extent in three unnamed lakes northwest of Lobo Lake, where floating peat
mats occur along all or parts of lake edges. Except in the case of Ridgepole Lake, where an open
fen mat 30-130 feet wide rings the entire lake, the mats are discontinuous. All of the lakeshore
mats support open fen communities [OPn81, APn91], but the shore along Bonga Lake also sup-
ports some bands of Cattail - Sedge Marsh [MRn83a].

The absence of a floating peat margin on Culkin Lake, Lobo Lake, and a small-unnamed lake
north of Bonga Lake is evidence of strong groundwater discharge to these lakes.

Peatlands Hydrology
Peatlands in the Headwaters Site are nutrient poor, reflecting the amount, source, and movement
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of water in the flat to very gently sloping landscape. The peatlands have three sources of water:
precipitation, groundwater, and runoff. Bogs, the poorest peatland communities, receive water
only from precipitation. Surface water in bogs flows away from or around areas where domes of
peat have developed (usually downslope from flow obstructions or over minor drainage divides),
limiting pH to less than 4.2. While the water table is often at or near the surface in these areas,
significant drawdowns are common. In fens, influence by groundwater or runoff raises surface
water pH above 4.2. Underlying substrates and adjacent uplands influence the presence and
abundance of mineral-rich groundwater, with direct effects on water chemistry and native plant
communities.

In the Extensive Peatlands portion of the Site, run-off from uplands and raised-peat landforms
drains down-slope and coalesces into water tracks, which terminate in tributary streams to the
North River at the down-slope margin of the peatland. The pH increases to 5.5 or higher in the
water tracks, depending on the amount and chemistry of surface run-off and groundwater inputs.
The water table is near the surface and stable, with little seasonal variability; both conditions
directly affect plant composition of wetland communities in the Extensive Peatlands. Figure 3
(page 83) illustrates the general direction of surface water movement in the peatland complex.

The Site’s medium to coarse, loamy upland soils permit rapid infiltration of water from rainfall
and snowmelt, which then flows laterally into adjacent peatlands or downward into the ground-
water aquifer. Water moving to the peatlands from upland landforms, including islands, accumu-
lates minerals and creates distinctive environmental gradients that are reflected in the vegetation.
There are wide gradients of white cedar (Thuja occidentalis) ([Northern Cedar Swamp
(Northeastern)][FPn63a]) or speckled alder (Alnus incana) ([Alder — (Maple — Loosestrife)
Swamp] [FPn73a]) where water is moving downslope in the large peatlands. Narrower gradients
are present on the upstream side of the peatlands or of islands within it, where there is very little
water movement.

The Site’s peatland lakes also have significant influence on adjacent vegetation, depending on the
water chemistry of the lake and how excess water leaves the lake. In lakes with stream outlets,
abrupt environmental gradients often exist between the lake, whose water is rich in minerals and
near neutral in pH, and adjacent acid peatland plant communities. On the margins of these lakes
this narrow gradient is often occupied by sweet gale. In lakes without stream outlets, excess
water tends to move downstream from the lake over a broad area. This mineral-rich water fans
out through the peat along some part of the lake edge, supporting rich peatland forest in areas
near the lake. With increasing distance from the lake, the mineral content of the water is diluted,
the ecological gradient diminishes, and the vegetation becomes dominated by acid peatland com-
munities. The Lobo and Continental lakes areas have good examples of water fans and of abrupt
gradients between bogs and swamps (Figure 3, page 83 and Figure 5, page 87).

Historic Vegetation

According to Marschner’s map of past vegetation of Minnesota (Marschner, date unknown),
vegetation prior to European settlement around Big Lake was dominated by Aspen-Birch
(trending to Conifers) with interspersed Conifer Bogs and Swamps. Current vegetation is simi-
lar. The northwestern part of the Headwaters Site on the Superior Lobe glacial drift was Jack
Pine Barrens and Openings according to Marschner, but Public Land Survey (PLS) line notes
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(1873-1894) indicate a dense forest with jack pine (Pinus banksiana) as a component. Aspen
(Populus tremuloides and P. grandidentata) and birch (Betula papyrifera) currently dominate this
area. Pines south of Big Lake, as indicated by PLS bearing trees, are no longer present, but north
of Big Lake they are still present, along with white cedars. The PLS line notes for the entire area
around Big Lake include tamarack (Larix laricina) as a component, but this species no longer
appears to be present in the uplands.

In the Extensive Peatlands, both Marschner and the PLS line notes describe the presettlement
vegetation as principally wetlands of spruce and tamarack with islands of upland forest, and adja-
cent uplands in the north with mixed white and red pine forests on the Rainy and Superior Lobe
drift. A dense understory of beaked hazelnut and balsam fir in the uplands, and alder and cedar

in wetlands are also mentioned in the PLS general descriptions. With the possible exception of
the loss of tamarack from the upland communities, little about the vegetation has changed in this
portion of the Site.

Natural Disturbance History and Forest Development

In the past, fire was the dominant natural disturbance in the forests of the Headwaters Site and
fire-scarred stumps are abundant in pine-dominated upland islands in the Extensive Peatlands.
In the transitional zone between the uplands around Big Lake and the peatlands to the east, there
has been some recent wind damage to mixed stands of aspen, balsam fir (Abies balsamea), and
black spruce (Picea mariana). The damage was not evident on 1997 MN DNR color-infra-red
photography of the area, but occurred before 2003 Farm Service Agency photography, possibly
part of the wide-ranging blowdown of July 4, 1999. Conditions in these 20-25 patches of blow-
down—which are mostly less than one to two acres, with the largest about five acres—provide
sites for establishment of long-lived conifers from nearby pine and spruce seed sources. Even
within the blowdown areas there are still some standing trees.

Other natural disturbances to forest ecosystems are caused by insects and parasites, such as
spruce budworm (Choristoneura fumiferana), larch sawfly (Pristiphora erichsonii), eastern larch
beetle (Dendroctonus simplex), and dwarf mistletoe (Arceuthobium pusillum). Spruce budworm,
a moth larva that favors balsam fir, has not had any recent impact on the Headwaters Site. Larch
sawfly larvae can defoliate tamaracks. In Minnesota old tamaracks are rare because of huge
sawfly outbreaks in the first half of the 1900s (MN DNR Division of Forestry 1997). Since the
1970s, when two species of European wasps that parasitize sawflies were introduced, outbreaks
have been small (Seybold et al. 2002, Barzen 2002). Larch beetles, which can kill tamaracks

by boring into their phloem, continue to affect tamaracks in Minnesota, but mortality was not
observed in the Headwaters Site. Dwarf mistletoe is a parasitic plant that favors black spruce and
can cause tree mortality over large areas, but in the Headwaters Site infestations are small. When
a canopy of nearly pure black spruce is opened, other tree species, particularly tamarack, often
regenerate, along with black spruce stunted by the parasite.

An analysis of Public Land Survey records completed by the MN DNR reports an average
rotation of catastrophic fire in Northern Mesic Mixed Forest [FDn43] in northern Minnesota,
the predominate forest class of the Headwaters Site, of about 220 years (MN DNR 2003). This
forest class includes both white pine (Pinus strobus) — red pine (Pinus resinosa) forests and
aspen — birch forests. The rotation of severe surface fires was about 260 years, resulting in an
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estimated combined rotation for catastrophic and surface fires of 115 years (J. Almendinger, pers.
com. 2006). In a report to the Minnesota Forest Resources Council, Frelich (1999) used informa-
tion from several studies to estimate a rotation of stand-replacing fire of 150-300 years for white
pine—red pine forest and 100-200 years for birch-aspen-spruce-balsam fir forest. White pine-red
pine forests had additional surface fires every 40 years on average. Both analyses reported rota-
tions of stand-leveling windthrow of over 1,000 years. Partial windthrow was of course much
more frequent.

Native plant communities in the Acid Peatlands and Forested Rich Peatlands Systems domi-
nate the extensive forested peatlands of the Headwaters Site, including Northern Spruce Bogs
[APn80], Northern Poor Conifer Swamps [APn81], Northern Rich Spruce Swamps (Basin)
[FPn62], and Northern Rich Tamarack Swamp (Water Track) [FPn81]. Bogs and poor swamps
have much longer rotations of catastrophic fire than the upland forests (greater than 1,000 years
for [APNn80] and about 570 years for [APn81]) and shorter surface fire rotations (120 and 90
years, respectively) (MN DNR 2003). The effects of fire on these peatlands are described as
ranging from black spruce mortality and maintenance of nearly continuous leatherleaf cover

to conversion to open bog, depending on fire intensity (MN DNR 2003). Fire frequency in

rich spruce swamps [FPn62] is similar to that in the upland forests (about 220 years), probably
because the swamps are often embedded within upland landscapes that determine the overall fire
rotation for the area. This may be true in the area around Big Lake, but the rich spruce stands to
the east within the extensive peatland probably burned less frequently. Stand-leveling windthrow
is uncommon in all three forested peatland types: 700 years for [APn80], 500 years for [APn81],
and greater than 1,000 years for [FPn62].

In Carlson’s study (2001) of a wildfire in the Border Lakes Subsection, intermixed wet forests
and upland forests both burned, but a larger proportion of the wetlands were left unburned. The
amount of tree canopy cover left after the fire was variable across the landscape, even within the
uplands. In the aspen-birch cover type, very little forest was untouched by fire: roughly 60-70%
of the area lost more than 75% of its canopy, and roughly 20-30% of the area lost 6-50%. More
than half the white pine — red pine type lost 25-75% of its canopy, while the rest was burned
either more severely or less severely. The patch sizes of the severity classes were also variable,
averaging about 2.5 acres. This study is only one example of fire effects on forest patterns. Dif-
ferences in Land Type Associations within the subsection would likely result in different fire
behavior. However, these patterns provide a picture of what the upland forest in the Headwaters
Site might have looked like after a natural disturbance. Natural disturbance patterns in the Head-
waters landscape may also account, in part, for the presence of the transitional communities
described below (see Forested Peatland/Upland Transition Complex [FPT_CX], page 24).

In the open peatland communities, environmental conditions, including cycles of inundation and
drawdown, are very consistent. Under natural conditions succession is gradual and related to
vegetation changes in response to changing water chemistry and quantity rather than catastrophic
disturbance. Some natural disturbance occurs at a small scale, for example moose wallows and
narrow (less than 20 inches wide) linear tracks of peat disturbance created by moose travel.

Native Plant Communities (see Figure 5, page 87)
The earliest plant community research in the Headwaters Site, conducted between 1978 and
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1981, focused on the peatlands as part of the MN DNR’s Peat Program (Wright et al. 1992).
Field surveys of both upland and wetland native plant communities were conducted by MCBS
plant ecologists during the summer of 2005 and a map of plant communities was prepared for the
Site in 2006. The various plant communities in the Headwaters Site are principally communities
represented in the Fire-Dependent Forest, Forested Rich Peatland, and Acid Peatland systems.
Open Rich Peatland System communities cover less area. (More description of systems and the
MN DNR’s native plant community classification and additional information on community
ecology can be found in MN DNR [2003] and on the MN DNR website [http://www.dnr.state.
mn.us/npc/index.html].)

The Headwaters Site’s native plant communities are typically high quality due to their size (rela-
tive to the size at which they occur naturally), condition, and landscape context. They also reflect
the range of environmental gradients, ecological conditions, and repeatable patterns of the LTAs.
Most of the native plant communities are functioning under relatively undisturbed conditions
and provide habitat for rare species. The statewide conservation ranking of the communities in
the Site ranges from S2 to S5, and several of those ranked as S3, S4, or S5 appear to be rare or
unique in the Laurentian Uplands Subsection (MN DNR 2004a; see also Native Plant Commu-
nity Ranking and Assessment below for definitions of S-Ranks).

Extensive Peatlands Native Plant Communities

The native plant communities of the Acid and Open Peatland systems that form the extensive pat-
terned peatlands in the northern and eastern part of the Site are unique in the Northern Superior
Uplands Section and among the highest quality in the state, with fine examples of many of the
characteristic peatland landforms, including forested raised bogs, which in Minnesota are at the
southern edge of their continental range (MN DNR 1984). The Acid and Open Peatland com-
munities of the Extensive Peatlands area are interspersed with communities of the Forested Rich
Peatland and Wet Meadow/Carr systems, as well as islands of upland mesic mixed forest from
the Fire-Dependent Forest/Woodland System.

Big Lake Area Native Plant Communities

In the Big Lake Area, upland fire-dependent communities are dominant, with interspersed peat-
lands. The communities in this area occur in patches larger on average than those in most of

the Laurentian Uplands Subsection. The uplands and peatlands in this area are linked by many
examples of distinct transitional vegetation that do not cleanly fit the plant communities in the
MN DNR'’s native plant community classification. A detailed description of these communities is
presented below in Forested Peatland/Upland Transition Complex [FPT_CX], on page 24.

Native Plant Community Ranking and Assessment

Minnesota’s native plant communities have been evaluated and assigned ranks based on the
Natural Heritage Conservation Status Rank (S-Rank) system developed by NatureServe (2002).
The resulting community S-Rank is a value (S1 to S5) assigned to a native plant community type
(or subtype) that best characterizes the relative rarity or endangerment of high-quality examples
of the community statewide. These ranks are defined in the table below and appear with the com-
munity descriptions in the text.
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Table 1. Statewide Natural Heritage Conservation Ranks (S-Ranks) for Native Plant Com-
munity (NPC)Types (MN DNR 2004a)

NPC Type S-Rank Definition
S1 Critically imperiled.
S2 Imperiled.
S3 Rare or uncommon.
S4 Widespread, abundant, and apparently secure, but with cause for long-term concern.
S5 Demonstrably widespread, abundant, and secure.

Native Plant Community Descriptions

In the community classification described in the MN DNR’s Field Guide to the Native Plant
Communities of Minnesota: The Laurentian Mixed Forest Province (MN DNR 2003), vegetation
types are arranged hierarchically within Systems. Plant community classes (such as [FDn43])
are divided into types (such as [FDn43a], [FDn43b], and [FDn43c]), and types are often divided
into subtypes (such as [FDn43b1] and [FDn43b2]). Descriptions for each of the native plant
community and community complex map units used in Figure 5 are found in this section under a
brief description of the associated System. See the Field Guide to the Native Plant Communities
of Minnesota: The Laurentian Mixed Forest Province (MN DNR 2003) for further information
concerning the System level of the classification.

Fire-Dependent Forest/\WWoodland System
Fire-Dependent Forest/Woodland communities are dominated by species adapted to survive
repeated fires and regenerate successfully after fires. Evergreens are prevalent, most visibly pines
and other conifers. These communities are strongly influenced by fires that periodically remove
the litter, duff, and organic material, and that can have significant effect on nutrient cycling and
availability. In the Laurentian Mixed Forest Province, fire-dependent communities occur on
well-drained or thin soils over bedrock. The random behavior of wildfires causes nutrient avail-
ability in these communities to be episodic and unpredictable. Prior to fire suppression, because
the rotation period for surface fires was equal to or longer than that for stand-regenerating fires,
Northern Fire-Dependent [FDn] communities in this system tended to become multi-aged as they
matured, with fairly constant recruitment of shade-tolerant species.

Northern Mesic Mixed Forest Class [FDn43] 5689 Acres

In the Headwaters the canopies of mesic forests are most often mixed, but range from solely
coniferous to solely deciduous. White, red, and jack pine, aspen, paper birch, white cedar,
white spruce (Picea glauca), black spruce, and balsam fir are all important canopy species.
Within the Site this community occurs in landscape settings ranging from small isolated islands
within the Extensive Peatlands (often remnant eskers), to large patches on morainal landforms,
particularly in the upland-dominated Big Lake Area. The shrub layer is dominated by decidu-
ous species and variable in cover. Beaked hazelnut (Corylus cornuta), bush honeysuckle
(Diervilla Lonicera), and mountain maple (Acer spicatum) are common shrubs. In the patchy
to continuous cover of ground-layer plants, Canada mayflower (Maianthemum canadense),
bunchberry (Cornus canadensis), wild sarsaparilla (Aralia nudicaulis), bluebead lily (Clintonia
borealis), and large-leaved aster (Aster macrophyllus) are common. Mosses and lichens are
common on exposed rock, tree boles, and coarse woody debris.
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White Pine — Red Pine Forest [FDn43a] S2/ 1128 Acres

Pine forests occur as inclusions within the Headwaters Site’s widespread [FDn43b1] forests
(described below) and are prevalent on islands within the Extensive Peatlands, including
eskers. Some stands have nearly pure canopies of red pine or jack pine, while others are domi-
nated by white pine or a mix of species. Many pines are in the 14-18 inch diameter-at-breast-
height (dbh) range, and old charred snags are common on some islands. Some stands have an
open understory; others have thick stands of young balsam fir, or a dense understory of tall
shrubs (e.g., mountain maple and beaked hazelnut). Ground-layer vegetation is similar to that
in [FDn43b1], but is often sparser and sometimes includes species of drier environments, such
as bush juniper (Juniperus communis), snowberry (Symphoricarpos albus), and pipsissewa
(Chimaphila umbellata).

Old-growth white pine and red pine stands in TS9N R12W, SWY4 Section 13 have been desig-
nated as old-growth by the state, or evaluated for old-growth qualities by the U.S. Forest Ser-
vice. The adjacent forest in Section 14 is of similar composition, and although some cutting is
evident on 1948 aerial photos, it retains some old-growth qualities. In the two sections, old pine
forest totals about 112 acres. Additionally, one high-quality twenty-five acre stand in the U.S.
Forest Service candidate Research Natural Area (T58N R12W, S% Section 12) is dominated
by white pines averaging 14-16 inches dbh (one pine near this stand measured 37 inches dbh),
mixed with 10-12 inch dbh black spruce (of the same height as the pines) and a few white
cedars. U.S. Forest Service inventory data estimate the stand origin year as 1896, but selective
cutting is apparent on 1948 aerial photos. Natural origin mesic pine communities dominated
by white, red, or jack pine also occur on peatland islands in T59N R12 Sections 13 and 24 and
T59N R11W, Sections 7, 8, 9, 10, 18, and 19 (some designated old growth).

In the Big Lake Area ecologists have visited two small pine stands. One 3-acre stand is pre-
dominantly red pine averaging 16 inches dbh mixed with birch, aspen, and balsam fir (T59N
R12W, SWY, SWY4 Section 35). The other, observed by Puchalski (1995) in TS9N R12W,
SEY4 Section 28 and NEY4 Section 33, is dominated by large white pines, some over 30 inches.
Puchalski noted significant white pine seedling regeneration in the area. In addition, a jack
pine dominated stand was observed in T59N R12W SEY4 Section 28 during a 2005 helicopter
overflight.

Aspen — Birch Forest Balsam Fir Subtype [FDn43b1] S4/ 2031 Acres

The predominant upland forests at the Site are mixed hardwood and conifer forests [FDn43b1]
with a variable conifer component, mostly spruces and balsam fir, with conifer abundance typi-
cally increasing near peatland communities. In the Big Lake Area black spruce is more abun-
dant than white spruce. According to 1998 MN DNR timber appraisal reports for TS9N R12W
Section 36, black spruce makes up 75-80% of all spruce trees. These forests are generally
even-aged with trees averaging 12 inches dbh and with some (especially aspen) up to 18 inches
dbh. There have been some recent blowdowns up to 5 acres in size near the upland-peatland
transition east of Big Lake. In the northwestern part of the Site jack pine is a minor component
of this forest community. Red maple (Acer rubrum) is also a significant component.

The understory of [FDn43b1] is typical of the community type [FDn43b], and includes beaked
hazelnut, mountain maple, fly honeysuckle (Lonicera canadensis), dwarf raspberry (Rubus
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pubescens), large-leaved aster, bluebead lily, bunchberry, Canada mayflower, wild sarsaparilla,
starflower (Trientalis borealis), rose twisted stalk (Streptopus lanceolatus), woodland horsetail
(Equisetum sylvaticum), sweet-scented bedstraw (Galium triflorum), lady fern (Athyrium filix-
femina), spinulose shield fern (Dryopteris carthusiana), common oak fern (Gymnocarpium
dryopteris), shining firmoss (Huperzia lucidula), round-branched groundpine (Lycopodium
dendroideum), pointed woodrush (Luzula acuminata), mountain rice grass (Oryzopsis asperifo-
lia), false melic grass (Schizachne purpurascens), long-stalked sedge (Carex pedunculata), and
drooping wood sedge (Carex arctata).

Some small areas in low spots have wetter soil than the dominant forest. These areas often hold
temporary puddles, or seasonal pools, but the vegetation only occasionally includes wetland
indicators, such as black ash (Fraxinus nigra). The tree canopy is often open.

Upland White Cedar Forest [FDn43c] S3/ 816 Acres

Upland White Cedar Forests have been documented at several places in the Site. The MN DNR
has a 31-acre designated old-growth upland cedar stand in TS9N R11W, SW¥%2 NW¥4 Section
20. In his survey for the U.S. Forest Service, Puchalski (1995) observed upland cedar forest in
T58N R12W, NWY4 SEY4 Section 10, and T59N R12W, NY2 SEY: Section 27, and noted sugar
maple (Acer saccharum) as a canopy component. [Note: Puchalski also mentioned an area

of young sugar maple forest in TS9N R12W, NW¥: NWY4 Section 36. These maple trees are
not readily differentiated from the surrounding forest on color infrared aerial photos, but they
indicate the possibility of a small patch of mesic hardwood forest, such as [MHN35 (S3) or
MHnN45b (S2).] A large block of upland white cedar occurs in the central area of the Site north
of the railroad tracks, associated with a large area of uplands of low relief within the Extensive
Peatland. During an overflight in 2005, significant areas of white cedar were observed in T59N
R12W Sections 27, 33, and 34. There is also upland cedar along the northeastern shore of Big
Lake, where patches of Canada yew (Taxus canadensis) were observed in 2005. White cedar
was also often observed as a canopy species component of other [FDn43] forest types within
the Site, such as [FDn43a and FDn43b1]. In general, the understory of upland cedar forest is
sparse, but includes the species listed above for [FDn43b1] and often also has mesic species
like naked miterwort (Mitella nuda) and goldthread (Coptis trifolia).

Wet Forest System
Wet Forest communities in the Headwaters Site occur along riparian corridors or in shallow ba-
sins where there is a steady supply of groundwater, but which does not inundate the mineral soil
for long periods of the growing season. Variations in microtopography and groundwater supply
are essential to sustaining these communities.

Lowland White Cedar Forest [WFn53a] S3/ 53 Acres

Occurring in only a few small patches in the area north of Big Lake, wet cedar forests are
similar to black ash-conifer swamps [WFn64a], but with greater canopy cover of white cedars
and often with greater moss ground cover. The community grows on shallow peat or mineral
muck. Ecologists visited only two patches (at the northeast end of Big Lake) during MCBS sur-
veying. The others were classified by aerial photography interpretation, so they may actually be
northern cedar swamps [FPn63a], which also has a cedar-dominated canopy. Classification was
based on the presence of black ash in the canopy or proximity to rich wetland types. In addition
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to the species of [WFn64a], wet cedar forests often contain twinflower, creeping snowberry
(Gaultheria hispidula), and long-stalked sedge.

Northern Wet Ash Swamp Class [WFn55] 20 Acres

A handful of examples of Northern Wet Ash Swamps have been mapped in the Headwaters
Site based on aerial photography interpretation. Ecologists visited none of them during MCBS
surveying. This community is richer and drier than Black Ash - Conifer Swamp [WFn64a]. It
occurs adjacent to beaver-influenced wetlands (and Big Lake) where groundwater is richer in
nutrients than in most of the Site.

Black Ash — Conifer Swamp [WFn64a] S4/ 77 Acres

Although not a common community type in the Site, there are small isolated depressions of
Black Ash — Conifer Swamp within upland regions. Strongly influenced by groundwater, the
community is the richest in nutrients of all the forested wetland types in the Site. Black ash

is the dominant tree species (sometimes with cedar or tamarack) and there is often a dense
shrub layer of mountain maple, speckled alder, swamp red currant (Ribes triste), and swamp
gooseberry (Ribes hirtellum), among others. The forb layer is very diverse, including dwarf
raspberry, naked miterwort, alpine enchanter’s nightshade (Circaea alpina), goldthread, wood-
land horsetail, three-leaved false Solomon’s seal (Smilacina trifolia), lady fern, spinulose shield
fern, sensitive fern (Onoclea sensibilis), common oak fern, rough bedstraw (Galium asprel-
lum), sweet-scented bedstraw, northern bugleweed (Lycopus uniflorus), mad dog skullcap (Scu-
tellaria lateriflora), willow-herbs (Epilobium spp.), marsh marigold (Caltha palustris), spotted
Joe pye weed (Eupatorium maculatum), flat-topped aster (Aster umbellatus), red-stemmed
aster (Aster puniceus), tall Northern bog orchid (Platanthera hyperborea), and swamp thistle
(Cirsium muticum). Common graminoids include fowl manna grass (Glyceria striata), Canada
blue-joint (Calamagrostis canadensis), drooping woodreed (Cinna latifolia), graceful sedge
(Carex gracillima), bladder sedge (Carex intumescens), bristle-stalked sedge (Carex leptalea),
soft-leaved sedge (Carex disperma), and brownish sedge (Carex brunnescens).

Forested Rich Peatland System
Forested Rich Peatland communities within the Headwaters Site occur on deep (>15 inches)
peat. They derive the majority of their water from mineral-rich groundwater and have surface-
water pH of 5.5 to 7.5. In these rich peatlands, stagnant groundwater tables are typically below
the peat surface, especially during the summer. During periods of high water-table levels, pools
often form at the surface in hollows that are common among the hummocks around trees bases.

Rich Spruce Swamp (Basin) [FPn62a] S3/ 4234 Acres

Rich Spruce Swamp is a common peatland type in the Site. The community occurs as a com-
ponent of the Extensive Peatlands in the east and in isolated depressions within the Big Lake
Area uplands. The largest expanses are in the southern part of the Site, on either side of the
North River corridor. This area was clearcut in the 1940s, so is now nearly pure, even-aged
black spruce about 60—70 years old and averaging about 6 inches dbh. Tamarack was probably
a larger component in the past. There are open patches of dwarf mistletoe (Arceuthobium pusil-
lum) damage, but these are not extensive. In general, the tree canopy is very dense, the shrub
layer sparse, and there is a continuous mat of Sphagnum and other mosses. Common shrubs are
speckled alder, Labrador tea, leatherleaf, willows, and bog laurel (Kalmia polifolia). Ground-
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layer species include creeping snowberry, small cranberry, three-leaved false Solomon’s seal,
twinflower, woodland horsetail, bunchberry, bluebead lily, starflower, dwarf raspberry, bristly
clubmoss, three-seeded bog sedge (Carex trisperma), and occasional northern comandra (Geo-
caulon lividum).

One species of Special Concern was observed in this community type, Lapland buttercup.

Northern Cedar Swamp Northeast [FPn63a] S4/ 1802 Acres

Cedar swamps are common as patches within the uplands around Big Lake and near the edges
of the Extensive Peatlands farther east. The largest examples are near the railroad track along
the western edge of the Headwaters Site and at the northeast end of Big Lake. This community
is richer than other peatland types, such as Rich Spruce Swamp [FPn62], but poorer than Black
Ash - Conifer Swamps [WFn64]. It develops on shallow to deep peat.

Balsam fir and black spruce often join white cedar in the tree canopy. Pools are common, and
a continuous carpet of mosses, especially Sphagnum mosses, covers most of the rest of the
ground. The shrub layer is variable, often including speckled alder, red-osier dogwood (Cor-
nus sericea), dwarf alder (Rhamnus alnifolia), Labrador tea, fly honeysuckle, and swamp fly
honeysuckle (Lonicera oblongifolia). The ground-layer vegetation includes dwarf raspberry,
twinflower (Linnaea borealis), creeping snowberry, goldthread, naked miterwort, starflower,
bunchberry, bluebead lily, wild sarsaparilla, red-stemmed aster, northern bugleweed, three-
leaved false Solomon’s seal, woodland horsetail, crested fern (Dryopteris cristata), spinulose
shield fern, cinnamon fern (Osmunda cinnamomea), long beech fern (Phegopteris connectilis),
common oak fern, lesser rattlesnake plantain (Goodyera repens), bristly clubmoss (Lycopodium
annotinum), shining firmoss, small northern bog orchid (Platanthera obtusata), and heart-
leaved twayblade (Listera cordata). Graminoids include bluejoint, bladder sedge, soft-leaved
sedge, bristle-stalked sedge, three-seeded bog sedge, and graceful sedge.

Lapland buttercup (Ranunculus lapponicus), a species listed as Special Concern, was observed
in the Site’s rich spruce swamp, but it is actually more typical of cedar swamps and likely oc-
curs in them.

Alder Swamp [FPn73a] S5/ 106 Acres

Alder Swamp is not extensive in the Site, but patches are interspersed with other peatland
types. Some alder swamps are not peatlands and do not have a layer of Sphagnum moss, but
these are rare in the area. Only one tiny example was observed in the Site, at the northern tip of
Big Lake. Most alder swamps grow on peat with hummocks of Sphagnum. Although there are
often stunted balsam fir, white cedar, and black spruce in the community type, they constitute
<25% canopy cover, while shrubs are the dominant vegetation, including speckled alder, wil-
lows (Salix spp.), red-osier dogwood, Labrador tea, bog birch (Betula pumila), red raspberry
(Rubus idaeus), and various gooseberries and currants (Ribes spp.). Ground-layer vegetation
includes dwarf raspberry, goldthread, spotted touch-me-not (Impatiens capensis), northern
bugleweed, tufted loosestrife (Lysimachia thyrsiflora), three-leaved false Solomon’s seal, wild
calla (Calla palustris), northern blue flag (Iris versicolor), red-stemmed aster, flat-topped aster,
bog goldenrod (Solidago uliginosa), spotted Joe pye weed, tall northern bog orchid, crested
fern, spinulose shield fern, Canada mayflower, and bunchberry. Graminoids include bluejoint,
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fowl manna grass, soft-leaved sedge, bristle-stalked sedge, three-seeded bog sedge, silvery
sedge (Carex canescens), and sometimes lake sedge.

Northern Rich Tamarack Swamp Class (Water Track) [FPn81] 363 Acres

Northern Rich Tamarack Swamp is a part of the Extensive Peatlands complex in landscape
settings of deep peat, influenced by lateral flow of groundwater in water tracks originating
from two of the peatlands lakes. Surface pH is >5.5. Feather and Sphagnum mosses typically
have greater than 50% cover, and hummocks and water-filled hollows are common. Cover

of forbs, grasses and sedges is sparse but diverse, including marsh cinquefoil, pitcher plant,
three-leaved false Solomon’s seal, soft-leaved sedge, bristle-stalked sedge and poor sedge. The
cover of shrubs varies, relying on hummocks that rise above the water table for suitable habitat.
Dominant low shrubs are ericaceous species such as Labrador tea, small cranberry, leatherleaf,
and bog rosemary (Andromeda glaucophylla). Dominant tall shrubs are usually bog birch

and willows. In the Headwaters, tamarack, along with scattered black spruce and white cedar,
comprise the patchy canopy.

Rich Tamarack — (Alder) Swamp [FPn82a] S5/ 2430 Acres

Rich Tamarack — (Alder) Swamp occurs as part of the Extensive Peatlands complex and em-
bedded within fire-dependent communities in the Big Lake area. Feather and Sphagnum mosses
typically have > 50% cover, and hummocks and water-filled hollows are common. Mixed with
the tamarack are white cedar, black spruce, and balsam fir trees, forming an interrupted canopy.
The shrub layer is often very dense and diverse, including speckled alder, willows, bog birch,
Labrador tea, red-osier dogwood, swamp fly honeysuckle, winterberry (llex verticillata), dwarf
alder, gooseberries and currants, and red raspberry. Cover of forbs, grasses and sedges is vari-
able. Ground-layer species include small cranberry, bog rosemary (Andromeda glaucophylla),
dwarf raspberry, goldthread, bunchberry, bluebead lily, woodland horsetail, field horsetail
(Equisetum arvense), three-leaved false Solomon’s seal, red-stemmed aster, northern blue flag,
buckbean, cinnamon fern, and crested fern.

Open Rich Peatland System
Open Rich Peatland communities within the Headwaters Site occur on deep (>15 inches) peat.
They derive the majority of their water from mineral-rich groundwater and have surface-water
pH of 5.5 to 7.5. Shore fens along the margins of ponds and lakes are influenced also by pond or
lake water, and shore fens in laggs are influenced also by run-off from adjacent uplands. In all
of these locations, inundation is also often a regular occurrence. Open rich fen water tracks are
highly influenced by groundwater, which creates surface flow poor in nutrients, but rich enough
in minerals to maintain a pH >5.5. The water supply and level is typically stable near the peat
surface, with little seasonal variability (Boelter and Verry 1977; MN DNR 2003).

Northern Shrub Shore Fen Class [OPn81] 12 Acres

Shrub shore fen communities within the Site are typically of small extent and narrow, occurring
on floating mats of peat at the margins of peatland lakes, ponds, and streams, or in laggs at the
edges of peatlands. Moss cover is usually high and dominated by Sphagnum. Cover of erica-
ceous shrubs is usually high. Cover of grasses is variable and that of forbs and trees is sparse.
These communities are influenced by circumneutral water from an adjacent water body, or by
runoff from adjacent uplands, which maintains a pH of >5.5. Plants in these communities are
adapted to low nutrients and periodic flooding.
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Bog Birch — Alder Shore Fen [OPn81a] S5/ 114 Acres

Bog Birch — Alder Shore Fen [OPn81a] occurs in the Headwaters Site in lagg zones at the
edges of peatlands, including along the edges of islands within the peatlands. The shrubs bog
birch and speckled alder are typically dense, mosses are patchy, and forbs and grasses have
little presence. This community also occurs along low-gradient streams, especially tributaries
to the North River. These occurrences are mapped as part of the Shrub Shore Fen/Low Gradient
Stream Complex [SFS_CX] described below.

Leatherleaf — Sweet Gale Shore Fen [OPn81b] S-5

Leatherleaf — Sweet Gale Shore Fen [OPn81b] occurs along low-gradient streams, especially
tributaries to the North River. These occurrences are mapped as part of the Shrub Shore Fen/
Low Gradient Stream Complex [SFS_CX] described below. Leatherleaf — Sweet Gale Shore
Fen also occurs on floating mats too narrow to map along the edges of lakes and ponds. In this
community, mosses, especially Sphagnum, carpet the surface, and shrubs such as sweet gale
and leatherleaf are common. Tamarack and black spruce are sparse, and stunted when present.
Grasses and forbs are not prominent, but beaked sedge, lake sedge, fen wiregrass sedge, blue-
joint, and tussock sedge were commonly observed.

Shrub Rich Fen (Water Track) [OPn91a] S5/ 65 Acres

Shrub Rich Fens at the Site have up to 75% cover of bog birch over a continuous, saturated
Sphagnum carpet. Occasional low hummocks commonly support fen wiregrass sedge and
three-leaved false Solomon’s seal, and less often leatherleaf, Labrador tea, stunted tamarack,
and black spruce. Small patches of buckbean are common. The community is present over
large areas of the featureless water tracks in the northern half of the site.

Graminoid Rich Fen (Water Track) [OPn91b] S4/ 104 Acres

Graminoid Rich Fen (Water Track) is part of the open peatland mosaic. In the Headwaters Site
it is characterized by wet lawns of fine-leaved sedges such as fen wiregrass sedge, lead-col-
ored sedge (Carex livida), lantern sedge (Carex limosa), coastal sedge (Carex exilis)(listed as
Special Concern in Minnesota), and tufted bulrush (Scirpus cespitosus), with occasional subtle
hollows dominated by brown mosses and peat-bottomed pools. These pools, oriented perpen-
dicular to groundwater flow, harbor characteristic aquatic species such as lesser bladderwort
(Utricularia minor), seaside arrow grass (Triglochin maritima), and lead-colored sedge. Shrubs
such as bog rosemary, leatherleaf, small cranberry, bog birch, and sweet gale are often perched
on drier hummocks that sometimes punctuate the graminoid lawns, but have <25% cover.
Scattered tamaracks and white cedar less than 20 inches tall also grow on these mounds. Forbs
commonly observed in this community include pitcher plant, round-leaved sundew (Drosera
rotundifolia), northern white violet (Viola macloskeyi), water horsetail (Equisetum fluviatile),
rose pogonia (Pogonia ophioglossoides), and bog goldenrod.

Graminoid Rich Fen (Basin) [OPn92a] S4/ 34 Acres

Communities in this class are open rich fens that appear t