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1 Introduction

My name is Brian A. Branfireun, and I am a full-time Professor in the Department of Biology,
and Canada Research Chair in Environment and Sustainability at the University of Western On-
tario in London, Ontario, Canada. In this role, I manage a university research program, and
serve as the Director of an analytical facility that specializes in the ultra-trace (part-per-
trillion/quadrillion) detection of mercury species in air, water, soil, sediment and biological ma-
terials. On October 28, 2013 I was contacted by Paula Maccabee, Counsel and Advocacy Direc-
tor for WaterLegacy to form an opinion on the NorthMet Mining Project and Land Exchange
Supplemental Draft Environmental Impact Statement (henceforth, SDEIS) with specific attention
to the adequacy of the SDEIS in documenting potential impacts of the NorthMet project on the
changes to the environmental methylation of mercury through either hydrological or chemical
modifications/impacts. I provided this opinion in final form on March 10, 2014. Since that
time, I have reviewed the PolyMet Preliminary Final Environmental Impact Statement (hence-
forth PFEIS), a document that was revised to incorporate some public and stakeholder comment
and other technical supporting documents, and portions of the PolyMet Final Environmental Im-
pact Statement (FEIS) pertinent to my opinions. I was asked to determine whether or not the
FEIS adequately addressed shortcomings raised in in my 2014 opinion, and if any additional
thoughts or concerns arose from my review of these additional materials and recent research.

1.1 Qualifications

I received my PhD in Geography from McGill University, Montreal, Canada in 1999 with a spe-
cialization in hydrology, mercury biogeochemistry, and wetland science. I was subsequently
employed as a Professor at the University of Toronto Mississauga campus in Mississauga Ontar-
io, Canada for 10 years, establishing an internationally recognized research program on hydrolo-
gy and mercury in the environment. In 2010, I was recruited by the University of Western On-
tario and successfully nominated for a Canada Research Chair in Environment and Sustainabil-
ity. The Canada Research Chairs program “stands at the centre of a national strategy to make
Canada one of the world's top countries in research and development. In 2000, the Government
of Canada created a permanent program to establish 2000 research professorships—Canada Re-
search Chairs—in eligible degree-granting institutions across the country.” (http://www.chairs-
chaires.gc.ca/home-accueil-eng.aspx). My research Chair position was renewed in 2015. Tam
considered an internationally recognized expert in the field of watershed hydrology, biogeo-
chemistry and the environmental cycling of mercury. Details of my qualifications and experi-
ence are outlined in my Curriculum Vitae (Appendix 1 - CV).

1.2 Peer-Reviewed Publications

I have authored or co-authored 57 peer-reviewed scientific papers or volume chapters, and have
made or contributed to significant discoveries concerning the role of wetlands on the production
and export of methylmercury (e.g. Branfireun et al., 1996; 1998; 1999; 2001; 2005 and others)
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and urban systems as sources of mercury to surface waters (e.g. Eckley and Branfireun, 2009). 1
have been involved in high-impact state-of-the-science publications that have provided signifi-
cant direction to the mercury research community (Harris et al., 2007; Munthe et al., 2007). De-
tails of my publications and other scholarly activities are outlined in my Curriculum Vitae (Ap-
pendix 1 - CV).

2 Comments Concerning Revisions and Additions to the FEIS

In the FEIS and related documents, there are revisions and additions that relate to opinions pre-
sented in my previous expert opinion regarding the SDEIS (see previous opinion in materials re-
ferred). I have reviewed my previously submitted opinion, the PFEIS, the PFEIS Appendix A
that documents responses to comments on the SDEIS, pertinent portions of the FEIS, several
PolyMet and Barr documents related to mercury, and other related documents. My prior opin-
ions identified a range of issues that concerned background data, reporting of data, a failure to
adequately consider hydrological and biogeochemical impacts on certain wetland types, an un-
derstatement of the potential for mercury and sulfur discharges that would impair downstream
waters and a failure to characterize or consider the known impact of hydrological changes in
wetlands and sediments in the formation of methylmercury and the transport of methylmercury
to downstream waters.

2.1 Previous Opinion 1 (SDEIS)

1t is my opinion that the background site-specific analyses provided in the SDEIS concerning
total mercury and methylmercury in surface and groundwater associated with, and potentially
impacted by, the proposed NorthMet Mining Project are not sufficient to either adequately
characterize the current mercury methylating environment, nor to evaluate the potential for
impact due to changes in hydrology, water quality, or both, as a result of the proposed project.

2.1.1 Lack of Background Data for Surface Waters
In my previous opinion (in section 4.1.1), I identified a lack of data on background
methylmercury in the SDEIS specifically noting that in the SDEIS Section 4.2.2.1.4 Mercury (4-
37) there was an overview of mercury in the Embarrass and Partridge Rivers, with little
discussion of methylmercury. The SDEIS stated, in addition to total Mercury, that
“Methylmercury concentrations in the Partridge River at SW-005 average 0.4 ng/L and in the
Embarrass River average 0.5 ng/L at PM-12 and 0.4 ng/L at PM-13 over the same period.” This
was the only reference to methylmercury in natural surface waters that I located in the SDEIS,
and Table 4.2.2-4 (4-41) that was referred to in this section did not present MeHg data (only
THg).

Updated Mercury and Methylmercury: The FEIS addresses this deficiency by including the
MeHg data for the two tributaries in tabular form. However, a close look at the data reveals
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questionable and inconsistent data as well as a high proportions of total mercury as
methylmercury, indicative of a strongly methylating environment.

FEIS Table 4.2.2-14 presents existing water quality concentrations in the Partridge River and
also includes additional data points. Total Mercury shows that mercury was detected in
approximately 70% of the samples. This alone is a surprising finding, calling into question the
sampling, reporting, or analytical methodology. Applying the detection limit of 0.25 ng/L, it is
highly unlikely that the Minnesota streams had no detectable mercury; in my decades of
experience, even samples from remote northern locations rarely have mercury levels below this
detection limit. Even with the questionable non-detect results, the maximum value of 18.5 ng/L
of total mercury is quite elevated, with an increasing trend in mean concentrations moving
downstream, with ~2x higher concentrations downstream than upstream. Methylmercury data
(new in FEIS) has nearly all samples detected (93%) and an error in the range of concentrations
reported (A maximum concentration of 560 ng/L is not environmentally possible here). This is a
surprising error that would be unlikely if the mercury data had been carefully reviewed. Mean
concentrations also increase in a downstream fashion.

FEIS Table 4.2.2-32 presents updated average existing water quality in the Embarrass River.
Despite being apparently reported from the same source (Barr 2014d), mercury is reported with
28 of 34 samples detected, and a reported lower limit of <1 ng/L, a detection limit inconsistent
with that used for the Partridge River. The range of concentrations at PM-12 is indicated as “<1
to <10” which indicates no upper bound and makes no sense numerically, with a mean of 5.1
ng/L. There is only one other downstream station with mercury data reported (PM-13, mean=
4.3 ng/L). Methylmercury is reported for the two stations, in both cases with 13 of 13 samples
detected, and mean concentrations of 0.53 and 0.38 ng/L with similar ranges).

Percentage Methylmercury: The percentage methylmercury of total mercury can be used as an
indicator of the efficiency with which a sediment or landscape can methylate inorganic mercury.
If we accept that the mean concentrations of both mercury species in this data reasonably reflect
environmental conditions, then the percentage of total mercury that is methylmercury in the
Partridge River increases from 2.2% at SW-001 to 14.6% at SW-004a and remains ~10% at the
last two stations. I consider any percentage over 3% MeHg to be clear evidence of net
methylmercury production in the watershed. For the Partridge River, these increasing and very
high percentages of methylmercury at the downstream stations can only be attributable to
significant sources of methylmercury to the River from the watershed contributing additions of
methylmercury to surface waters. For the two stations on the Embarrass River, and accepting the
mean concentrations, the percentages of methylmercury are 10.4% and 8.8% respectively,
indicating that strong sources of MeHg are in the upstream locations as well as downstream.

Peer-reviewed literature has indicated that only watersheds characterized as “wetland and forest”
have percent methylmercury of >10 in surface waters. As initially reported by Hurley et al.
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(1995) with reference to Wisconsin watersheds that are analagous to those in Minnesota, when
the fraction of total mercury that is methylmercury exceeds 10%, the source is likely wetlands. In
the past 20 years, the attribution of wetlands as the source of this methylmercury in watersheds
has been confirmed.

Additional data has also been added to other PolyMet data tables such as FEIS Table 4.2.2-15
(Partridge Tributaries) which updates mercury data with additonal samples, and increasing the
reported maximum mercury concentration in water to 28.1 ng/L, a strikingly high maximum.

All of the tributaries show exceedences of the evaluation criteria for total mercury. Curiously,
despite the additional data being added regarding total mercury from more recent sampling and
analyses, methylmercury data for these tributary streams contained in the Barr (2014d) data are
not reported in the FEIS (I summarize this tributary methylmercury data in the table below). The
failure to include these data when other tables have been made more complete through the
addition of methylmercury data is problematic, particularly since some of these locations are
proximal to the proposed mine site.

Location Mean Methylmercury (ng/L) Mean %Methylmercury
Longnose Creek (LN-1) 0.21 6.0

West Pit Outlet Creek (WP-1) 0.82 5.9

Wetlegs Creek (WL-1) 0.48 9.6

Wyman Creek (PM-5) 0.15 12.5

Wyman Creek (PM-6) No data No data

Source: Barr, 2014d

Like the stations on the Partridge and Embarrass Rivers, it is clear that the upstream tributaries,
including those associated with the mine site, are draining a landscape with high mercury
methylation potential (percentage of methylmercury >3%).

In this context, it is clear that the high mercury methylation potential of the proposed PolyMet
mine site is associated with the high percentage of land cover that is associated with wetlands,
and in particular ombrotrophic bogs and other peatlands that have been shown to be locations of
strong methylation. The high percentage of methylmercury in these surface waters speaks to
sensitivity of their watersheds to both a) hydrological impact from a change in either surface or
subsurface hydrology, and b) deposition of any additional sulfate either from surface water
flows, or wet/dry atmospheric deposition which are addressed later in this document.
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2.1.2 No Mercury Data for Other Media
The FEIS does not provide any data regarding total mercury or methylmercury levels in
sediments in lakes, rivers and streams, or wetlands proximate to the mine site or tailings site,
despite the importance of solid phase mercury in supplying both mercury and methylmercury to
downstream waters either through in sifu methylation or solid-liquid phase partitioning.

I stand by my original opinion that failure to analyze and report solid phase mercury is a
dramatic oversight in the EIS since methylmercury is not produced in the water column of
streams and rivers, but in the soils and sediments in and adjacent to them. The absence of this
data makes any conclusion that changes in hydrology at the PolyMet mine and tailings waste site
would not affect downstream mercury and methylmercury unsupportable, particularly if this
assumption is applied to wetlands. Moreover, there are no data on biological indicators of
mercury or methylmercury exposure in any of the stream systems of concern. This is very
inconsistent with other environmental impact studies that [ am aware of in Canada where at the
very least, benthic invertebrates are sampled as bioindicators of mercury exposure.

2.1.3 Inconsistencies in Reported Detection Limits and Addition of New Data
Since the SDEIS, efforts were made to address inconsistencies in reported data. However, the
‘correction’ of inconsistencies raises a new set of questions. On page A-213 of Appendix A, the
response to comment 19680 concerning this issue includes the statement:

“Data presented in the FEIS were gathered from various sources thereby leading
to inconsistencies in the way the results are reported. The data presented in tables
in the FEIS have been reviewed for consistency and updated as necessary.”

However throughout the data tables in the FEIS where data from ‘various sources’ is reported,
the apparent detection limits have all been resolved to 0.25 ng/L for total mercury and typically
0.015 ng/L for methylmercury (some expressed as 0.028 and 0.0125 ng/L the latter of which is a
level of artificial precision to the fourth decimal place that is not achievable analytically). In the
SDEIS, these values were widely ranging. It would appear that the ‘review for consistency and
updating’ has simply been a technical edit with relatively arbitrary (but more technically reason-
able) values inserted to satisfy comments critical of the SDEIS, rather than a quality assurance
review of the actual data associated presented in the tables.

In fact, upon review of Barr (2014d) it is clear that the reported ranges of data (with inferred
lower detection limits as the “less than” lowest value) are inconsistent between the source data
and the FEIS. For example, in FEIS Table 4.2.2-15, mercury values have a detection limit of
0.25 ng/L, whereas in Barr (2014d), non-detects are indicated as <0.0005 ug/L which equals 0.5
ng/L for the same data. This apparently arbitrary change in values affects subsequent calcula-
tions that include those below the limits of detection. Changing the non-detect level in the pro-
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cess of making calculations is an unacceptable practice.

It is also clear that additional data (as indicated by the total number of samples reported in the
Detection column) has been included in many, if not all, of the data tables, at least for the ana-
lytes total mercury and methylmercury. These additions should, in principle, provide more ro-
bust estimates of the average condition, and possibly extend the range of data reported. Curi-
ously, the addition of more data has created more confusion, rather than clarification in the FEIS.
Table 4.2.2-24 in both the SDEIS and the FEIS (numbering consistent between documents) is a
good illustration of the continued failure to be rigorous in reporting of these critical data. For
mercury, the SDEIS reported detection of mercury is 25 of 26 samples. In the FEIS, 41 of 41
samples detected mercury. Unless some data were removed form the more recent summary,
which would be an improper practice, this report of no “non detect” samples is erroneous.
Moreover, in this Table, the lowest concentration for mercury in the SDEIS was <0.25 ng/L. In
the FEIS the lowest concentration reported was 0.81 ng/L. (no non-detects). No explanation is
provided why the lower concentration sample(s) reported in the SDEIS are no longer included in
the FEIS. In the same Table of the SDEIS 4 of 24 samples reported detection of methylmercury,
while 16 of 39 samples reported methylmercury detection in the FEIS. That means that of 15
additional samples, there were 12 with detected methylmercury. This remarkable increase in the
detection of methylmercury (from 17% to 80%) could result from the lowering of detection lim-
its for the newest 15 samples. (now reported as 0.015 ng/L as opposed to 0.05 ng/L in the SDE-
IS). If so, applying the 0.015 ng/L detection limit to all data reported in the FEIS is inaccurate
and misleading.

If we accept that the SDEIS data is reported with a detection limit of 0.05 ng/L (a reasonable de-
tection limit for methylmercury) and the new data was done with a lower detection limit, then it
is impossible for a merged dataset with different detection limits to be reported as having the
lower limit as 0.015 ng/L. The merged data set can only be as good as the least precise data that
is part of the merged dataset, particularly if the “half detection limit” approach for handling non-
detects is used (which it continues to be here). The inclusion of new data and ‘corrections of in-
consistencies’, while having the appearance of improvement to the FEIS, in fact seems to be a
somewhat arbitrary exercise, with surprising new inconsistences introduced by the addition of
new data.

2.1.4 Failure to conform to standard approaches for Data Collection and
Presentation

The incorrect manner with which mercury summary data is calculated, interpreted and then
subsequently presented has not been addressed. The FEIS presentation of arithmetic means and
ranges precludes any assessment of explanatory power in the data set, biases the interpretation of
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changes in loads, and cannot be used to satisfy any analyses of appropriate sample size. The data
continues to be internally inconsistent and fails to demonstrate effective quality assurance.

A statement in the SDEIS concerning USEPA’s request for an uncertainty range concerning
groundwater quality has been revised. The information in italics was added:

(FEIS 4-43) In total, 24 monitoring wells were installed in surficial aquifer and 9
in bedrock (see Figure 4.2.2-8). Six or more groundwater samples have been col-
lected for chemical analysis from each of those wells, except one surficial aquifer
well that was dry after the first sampling (so it only provided a single sample) and
three bedrock wells that were also sampled once only. A statistical analysis indi-
cated that the total number of groundwater quality samples was sufficient to satis-
fy the USEPA’s request that an uncertainty range around the estimate of average
concentration for each solute could be identified such that there was a less than 5
percent probability that the actual average would be outside of this range (Barr
2012p).

In the FEIS, Table 4.2.2-6 now provides information about sampling locations. However, re-
view of the underlying data in Barr 2012p shows that uncertainty analyses to address USEPA’s
request was only undertaken for selected elements and did not include mercury or methylmercu-
ry in the uncertainty analyses. As stated in Barr 2012p, because “only solutes included in the wa-
ter quality modeling for the SDEIS are assessed.”

An uncertainty analysis for reactive elements, such as mercury and methylmercury would be dif-
ferent than analysis for a geogenic element like calcium, or a conservative ion like chloride,
since mercury concentrations would be expected to be more variable. Moreover, Barr (2012p)
indicates that:

For antimony, cadmium, selenium, silver and thallium there were not enough de-
tected concentrations to be able to calculate meaningful mean and standard devi-
ation values (it is not recommended to calculate statistics on datasets with less
than 4-6 detected concentrations [EPA, 2010]); as a result the sample size calcu-
lation was not performed for these solutes. (Barr 2012p)

Review of Barr 2012p suggests that statistical interpretation of PolyMet data for even geogenic
elements is problematic. For many elements reported in FEIS data, even with total sample num-
bers in excess of 150, the standard deviations (variation) are greater than the means, and in some
cases are much more variable than plus or minus 100%. For example, the variability in iron con-
centrations is plus or minus 250% around the average, despite the number of samples taken. Ar-
senic and chromium, metals of obvious concern from an environmental perspective, report varia-
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bility of approximately plus or minus ~100% of the average concentration. Copper, Nickel and
Cobalt have variabilities of plus or minus ~150%. The Barr analysis (2012p) is used by PolyMet
to assert that sufficient samples were taken for groundwater, and to report mean concentrations
in Table 4.2.2-6 even where uncertainty in the data was plus or minus 100% or more of the
mean value for metals of concern. Of course, as with other data tables in the FEIS, there is no
way to assess the true variability and confidence in the reported mean concentrations when only
the mean and range are reported, obfuscating the real uncertainty surrounding most of the mean
concentrations reported. It is incomprehensible to me how an analysis of uncertainty where the
measure of variability is plus or minus 100% could allow one to make any statements of confi-
dence concerning the reported data. It does however explain why even widely variable concen-
tration data for some elements was deemed acceptable in the FEIS.

No statistical analysis at all was done for either mercury or methylmercury to assess variability
in the data. Neither the Barr analysis of mercury and methylmercury nor its reporting in the FEIS
satisfies the USEPA’s request for certainty in the reporting of mean concentrations of solutes.

Given the above-described data concerns, and given that no statistical analyses were performed
for mercury or methylmercury in waters associated with the proposed development, I remain
concerned that incomplete and insufficiently reliable sampling was done to adequately character-
ize any of the surface waters or groundwater chemistries reported in the FEIS, at least for mercu-
ry and methylmercury.

2.1.5 Inappropriate Handling of Non-Detect Samples
In my previous opinion I made a clear argument against the use of a value half of the detection
limit for the purposes of calculating simple statistics (section 4.1.4 of my previous opinion). The
FEIS was not modified in any way to reflect this more appropriate and up to date handling of
non-detect sampling. FEIS A-408 states the following:

Based on professional judgment, half of the detection limit was utilized in pre-
senting data throughout the FEIS. Although contemporary science has refrained
from utilizing half the detection limit, per the USEPA Region II Technical Guid-
ance Document Chemical Concentration Data Near the Detection Limit (USEPA
1991) the method is valid. Additionally, the evaluation of the data provides a rea-
sonable estimate of potential environmental effects for purposes of environmental
review.

There are numerous troubling aspects in this argument against using a numerically more rigorous
approach to this problem. First, the authors of this response to the comment acknowledge that
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“contemporary science” deals with non-detects in a more sophisticated way. This indicates that
the data presentation and analysis is not in accordance with a currently accepted scientific ap-
proach, but an arbitrary “professional judgment”. Secondly, I find it problematic that the authors
turn to a nearly 25-year-old document as an authority on this issue, and indicate that this renders
the approach “valid”. There is much published work that was once considered valid, but is no
longer. This is a case in point. The final sentence is the most problematic. In the absence of ap-
propriately calculated simple statistics, and the failure to present other statistics like medians,
measures of variance, we actually cannot evaluate the data to assess environmental effects, de-
spite the authors’ claim to be able to do so.

As a scientist, I would welcome a quantification of “reasonable estimate”. This would require
understanding of the margin of error. My professional judgment would suggest that a margin of
error of plus or minus 20% would allow a reasonable estimate. If we were to impose a margin of
error of 20% on all of the mass balance calculations used to estimate environmental effects as
part of this Final EIS, then the firm conclusions of no effects would be most certainly discounted.

I do not believe that a “reasonable estimate of potential environmental effects” that fails to iden-
tify statistical uncertainty and the margin of error in the data would in any circumstance be con-
sidered acceptable when assessing the potential for downstream water quality impairments that
could impact aquatic life and human activities. Yet, that is what Barr and the PolyMet FEIS pro-
pose in reaching judgments denying the potential adverse effects of mercury and methylmercury
on downstream water quality.

My previous opinion elaborated more technically on this problem, so I will simply restate the
title of Helsel’s published paper on this matter: “Fabricating data: how substituting values for
nondetects can ruin results, and what can be done about it”. The USGS has required that all of
its data be handled in accordance with Helsel’s approach for handling non-detects for many
years.

2.2 Previous Opinion 2 (SDEIS)

The SDEIS fails to consider scientifically documented factors beyond simple changes in mercury
in the environment that govern mercury methylation and uptake when evaluating the potential
impacts of mercury release as a result of the proposed development.

The FEIS revisions disregard most of the comments made in my previous opinion (section 4.2)
on this matter, however revisions do include additional literature concerning mercury
methylation and its environmental controls.

The section beginning on FEIS 5-231 (Enhanced Mercury Methylation) speaks to several of the
general points that were raised in my previous opinion, including the positive relationship
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between sulfate availability and methylation, the process of sulfate regeneration through wetting
and drying, and the influence of changes in hydrology and water level fluctuations on enhancing
mercury methylation.

Many studies have shown that wetlands can be sinks for mercury and sources of
methylmercury to surrounding watersheds (St. Louis et al. 1996). Galloway and
Branfireun (2004) found that wetlands were an important site of sulfate reduction
and methylmercury production. Balogh et al. (2004) and Balogh et al. (2006)
concluded that increases in methylmercury in several Minnesota rivers during
high-flow events was likely the result of methylmercury transport from
surrounding wetlands to the main river channel. A recent study by the MDNR
found little, if any, correlation between total mercury or methylmercury and
sulfate concentrations in northeastern Minnesota streams (Berndt and Bavin
2012a; Berndt and Bavin 2012b; Berndt et al. 2014). Instead, the study found
strong correlations between mercury and dissolved organic carbon concentrations
and total wetland area. Overall, these studies suggest that most mercury
methylation, at least in the St. Louis River Basin, primarily occurs within
wetlands rather than in stream channels and the methylmercury is flushed to rivers
from wetlands during storm events. (FEIS 5-231-232).

Despite the additional citations, like the SDEIS before it, the FEIS implies that there is a lack of
consensus among researchers working on this topic, justifying its failure to analyze the factors
that increase methylation. The first part of the above paragraph is accurate. However, following
the reference to the three publications led by Berndt, the text implies that there is no relationship
between methylmercury and sulfate, but only between mercury and dissolved organic carbon.
This implication is misleading. Direct correlations between sulfate and methylmercury are
unlikely not because there is no clear relationship, but because it is a well-established fact that
sulfate is consumed as methylmercury is produced in a reduction reaction (one might expect a
correlation between sulfide and methylmercury). It is also well-established fact that both
mercury and methylmercury can be strongly associated with dissolved organic carbon as a vector
of export from watersheds, especially wetlands and that mercury methylation occurs within
wetlands and can be flushed to rivers and streams with hydrological events. There is nothing
contradictory presented here — in fact it is all completely consistent with wetlands being sources
of methylmercury in this landscape.

I would agree with the implication in the FEIS (5-232) that potential methylation of mercury
would support mine and tailings facility design elements to reduce sulfate losses to surface
waters and to groundwater seepage. It is beyond the scope of my opinion to comment on
whether the proposed designs for the project are the best suited to reduce sulfate. However, the
FEIS proposal continues to assume nearly 100% capture of runoff and seepage from unlined
facilities and has not demonstrated that subsequent treatment of collected seepage would be
effective for mercury. (Barr 2013f).
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Although the surface water guidance for sulfate concentrations to protect wild rice (10 mg/L) is
an important consideration (and not considered in the scope of this opinion), these concentrations
of sulfate (and lower) can stimulate methylation. For example Mitchell et al. (2009) found that
delivery of runoff with sulfate concentrations ~5 mg/L from the catchment to peatlands in
Minnesota produced very high pore water methylmercury concentrations between 2 and 4 ng/L.
In constrast, locations with little mass of sulfate delivered showed low to non-detectable
methylmercury concentrations. In fact, the small tributaries that are more proximal to the
proposed NorthMet mine site location clearly demonstrate sulfate-limited conditions. The mean
sulfate concentrations in Longnose Creek. West Pit Outlet Creek and Wetlegs Creek are 0.91, 2.6
and 3.9 mg/L respectively. Despite sulfate concentrations that are well below 10 mg/L,
methylmercury concentrations in these tributaries are high relative to total mercury (see my
Table 4.1 above). The fraction of all mercury that is methylmercury ranges between 5.9 and 9.6
percent, indicating that even these relatively sulfate-poor and relatively undisturbed tributaries
have high potential for mercury methylation.

Wyman Creek presents an even more interesting case. Although its absolute methylmercury
concentrations are the lowest of the upper Partridge River tributaries, the percentage of
methylmercury is the highest (12.5%) because total mercury concentrations are also lower. This
very high percentage of methylmercury is accompanied by elevated sulfate concentrations (67.1
mg/L at PM-5). Wyman Creek, unlike the other, relatively unimpacted tributaries at the
proposed NorthMet mine site, drains a previously mined area, including the Area 3 and 58S pits.

If the Longnose, West Pit Outlet and Wetlegs tributaries receive increases in sulfate loading to
sites of methylation in tributary catchments, either through direct discharges greater than the
highest concentration in that tributary (in each case <4 mg/L) or through additional atmospheric
loading, net methylmercury production in these tributaries proximal to the proposed NorthMet
mine development is highly likely to increase.

FEIS statements about certainty (or lack thereof) in knowledge regarding methylmercury also
seem to lack a scientific basis. The FEIS states, “there is a relationship, only partially
understood, between sulfate concentration and the conversion of inorganic mercury by sulfate-
reducing bacteria into methylmercury” (FEIS 5-21). This statement seems to be somewhat at
odds with another statement, later in the FEIS that:

[S]mall sulfate increases in sulfate-poor wetlands may increase methylmercury
production in wetlands (Jeremiason et al. 2006). However, methylmercury
produced in wetlands is not necessarily incorporated into food chains and
concentrated to levels of concern (FEIS 5-313)

The above statement is an acknowledgement that even small additions of sulfate to sulfate-poor
wetlands can increase methylmercury production. Naturally, not all of the methylmercury
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produced in wetlands is translated directly into biota, however there is clear evidence in the
literature that aquatic life in waters receiving runoff from wetland-dominated catchments have
higher methylmercury concentrations in tissues than elsewhere. For example, in a broad study
conducted in the Voyageurs National Park area in Minnesota, Wiener et al. (2006) identified
“pH, dissolved sulfate, and total organic carbon (an indicator of wetland influence) as factors
influencing methylmercury concentrations in lake water and fish”, indicating not only a
connection between sulfate and methylmercury in fish, but also the degree of wetland influence.

Further contradicting the stated lack of certainty with respect to processes controlling
methylmercury formation, the FEIS quite confidently predicts that after 55 years of operation,
when the west pit floods, there will be an “oxygenated hydrologic environment” and it “would
not be expected to promote mercury methylation”. (FEIS 5-232). As a scientist who has spent
my career studying methylmercury, I am troubled that the FEIS argues that there is insufficient
scientific knowledge to develop a mechanistic model to evaluate the risk to surface waters from
enhanced methylation in the impacted watersheds, yet is comfortable speculating about the
future geochemical environment in a flooded pit 55 years from now in order to dismiss the
potential for enhanced methylation. It is possible that the “hydrologic environment” (which
presumably means the waters in the flooded west pit) may be well oxygenated, but it is actually
more likely that the flooded pit will thermally stratify like most lakes over 20 feet deep in the
geographic region would, and as such would promote anaerobic bottom waters during the
summer and anaerobic bottom sediments that would both support methylmercury production (see
Eckley et al., 2005, who definitively reports on these processes in a Wisconsin lake).

Further, despite the brief literature discussion about hydrological fluctuations potentially
enhancing methylation, the FEIS analyzes a very limited scope of the impacts the proposed
NorthMet development would have due to changes in hydrology. The FEIS focuses on the level
of hydrological flows in streams and rivers, arguing that the magnitude of the fluctuation
(expressed as a percentage in flow variation) will have no downstream impact and no impact on
mercury methylation. Augmenting stream flow to stay within a specified percentage of variation
will not prevent increased methylation in soils and sediments adjacent to or coupled to the
streams. In fact, this matter is recognized elsewhere in the FEIS where it is acknowledged that
sediments and anoxic waters are potential methylating environments:

Bacteria that cause mercury methylation require an anoxic environment, and
consequently methylation occurs in sediments or in anoxic waters rather than in
the turbulent well-oxygenated water of a river. Therefore, methylation is unlikely
to occur in the Partridge River or Embarrass River water column; however, it may
occur in sediments or possibly in anoxic environments downstream. (FEIS 5-231).

In Section 2.5.2, I also discuss further the evidence from rigorous peer-reviewed science that
demonstrates the role of drying and rewetting of peat soils on sulfate regeneration and mercury
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methylation. In light of this and the contradictory mention and dimissal of the state-of-the-
science on mercury methylation, the FEIS analysis is simplistic if not misleading.

2.3 Previous Opinion 3 (SDEIS)

The SDEIS does not make a reasonable attempt to model the potential aquatic ecosystem impacts
of changes in water chemistry (primarily mercury and sulfate) due to the NorthMet Mining
Project.

2.3.1 The Mass-Balance Model Approach
No additional effort to better understand or model the biogeochemical cycling of mercury and
methylmercury in the watersheds of interest has been undertaken in the FEIS. This deficiency
was discussed at length in my previous opinion, in which I outlined several alternative modeling
strategies. They do not need to be repeated here.

Instead of acknowledging these alternative approaches, the FEIS reiterates the “benefit” of using
a mass balance approach:

Therefore, a simple mass balance model estimation method was used. This simple
estimation method was preferred over a detailed mechanistic model because it
incorporated the important input and removal processes for mercury, was very
transparent with regard to data inputs, and allowed for easy assessment of the
effects of changing parameter values on mercury concentrations. (FEIS 5-223).

The entire basis of my previous opinion concerning the modelling of mercury cycling was that a
mass balance model cannot by definition incorporate mechanistically the input and removal
processes for mercury, and cannot address the biogeochemical aspects of mercury methylation
across the landscape which are at the root of the potential impacts associated with the PolyMet
proposal. The reason why simple mass balance models are used is because they are simple to
apply quickly and require little parameterization (i.e. are inexpensive). Being cheaper and easier
to use is not sufficient justification for taking a naive approach to evaluating possible
environmental risks in a region of mercury sensitivity, when much more defensible approaches
exist (see previous opinion), including models for watershed-steam mercury dynamics.

Moreover, although the statement that the mass balance model is transparent with respect to data
inputs is true at face value, it seems to me that any model is transparent with respect to data
inputs. The definition of input parameters and stated variables is always required in any model. I
assume that what is meant is that mass balance model inputs are highly simplified, and as such
are readily defined, and can be presented as definitive to a non-expert.

2.3.2 Error and Uncertainty Analyses
All modeled outcomes are only of utility when accompanied by an appropriate error analysis that
addresses cumulative uncertainties throughout the model. No estimates of uncertainty
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accompany any of the modelling associated with mercury, except for the presentation of two
different scenarios that are based on assumptions concerning the speciation of air emissions
(FEIS 6-85). This does not constitute an error analysis, merely a testing of assumptions. If an
analysis of the margin of error in projections of sulfate and mercury releases had been
performed, it is my opinion that that the FEIS statements of certainty based on grams of sulfate
or mercury released could not be supported. Thus, conclusions from this asserted mass balance
that the proposed development will not have appreciable impacts on water quality would be
similarly unsupported, simply because of uncertainty that would bracket the model output.

2.3.3 The Assumption of Proportionality between Mercury in Deposition and
Fish

The FEIS maintains that “methylmercury content in fish are roughly proportional within
individual watersheds” and cites the MPCA’s Mercury Risk Estimation Method (MMREM)
principle of proportionality between mercury in fish and atmospheric deposition (FEIS 5-22).
Although the MMREM identifies the need to control atmospheric mercury inputs, the model is
fundamentally flawed in that it relies on the assumption of proportionality between total mercury
in water and methylmercury in fish. This is an archaic approach to this problem, and does not
reflect current scientific thought or the best available tools.

The fundamental flaw in the assumption of proportionality has been demonstrated clearly in a
recent publication in the same geographical region as the proposed development. Brigham et al.
(2014) show compellingly that atmospheric deposition of mercury in the Voyageurs National
Park area of Minnesota significantly decreased (32%) between 1998 and 2012, yet the responses
of mercury in fish in four case study lakes was highly variable. Two lakes showed decreases
nearly proportional to the decrease in atmospheric deposition. However fish methylmercury in
another lake increased by 80%, and a fourth lake that was subject to disturbance (fire; beavers) in
the watershed showed no change. They conclude that:

Understanding changes in MeHg contamination of aquatic food webs, in response
to changes in key factors of methylmercury production, is critical to assess the
efficacy and benefits of emissions reductions. This case study - the first we are
aware of to report a >10-year trend in MeHg,q, and THg,q - shows diverging
responses among the study lakes and exemplifies the complexity of ecosystem
responses to decreased loads of atmospheric pollutants. Although we cannot
establish causation, the downward trends in MeHg,q and Hgg, in two of our four
study lakes are consistent with decreases in atmospheric loading of mercury, as
well as SO, and H', which indirectly affect the mercury speciation and bioavail-
ability. However, the mixed results from the remaining two lakes exemplify that
recovery will vary among ecosystems, and may be affected by watershed-specific
hydrologic conditions and disturbances. (Brigham et al., 2014).
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This finding is consistent with my own scientific knowledge of watershed mercury
biogeochemistry — the relationship between mercury deposition, transport, transformation,
speciation, and ultimately biological uptake is variable among catchments, and that without
knowledge concerning the hydrological interactions between surface waters and the watershed,
predictions about the dominant source(s) of mercury to biota are not possible.

The findings and subsequent discussion concerning the application of the MMREM model
obfuscate the fact that the real concern with the NorthMet development, in my opinion, is not an
appreciable increase in local atmospheric deposition of mercury to lakes, but its changes to the
hydrology of watersheds, subwatersheds and their surface streams and rivers that are proximal to
the proposed mine and tailings site. These hydrological changes will increase the methylmercury
production potential of the landscape, and ultimately engender downstream impacts on the St.
Louis River. I further substantiate this conclusion in my discussion of my previous opinions 5
and 6 below.

2.4 Previous Opinion 4 (SDEIS)

1t is my opinion that ombrotrophic bogs (peat-dominated, rain-fed, acidic wetlands) play
important roles in catchment methylmercury supply, and the SDEIS incorrectly considers them
decoupled from the environmental impact considerations with respect to sulfur and mercury

impacts on receiving waters.

2.4.1 Evidence of Peatland Influence on Current Surface Waters
The FEIS does not make connections between existing wetland types and current or projected
water quality in the area of influence of the proposed development. In particular, the FEIS does
not make the connection between the dominant wetland type and landcover class (bog wetland,
ombrotrophic or otherwise) in the area of impact around the proposed NorthMet mine site and
methylmercury production in the landscape. This remains a critical oversight because of the po-
tential impacts on hydrology and atmospheric deposition of mercury, but in particular sulfate, as
a result of the proposed project (see comments on previous Opinion 5, below). Literature cited
in the FEIS draws a clear connection between bog-type peatlands and methylmercury production
and export, with some of the most relevant work done in the state of Minnesota, yet the FEIS

does not discuss the impact of this source of methylation.

There is clear evidence from the stream water quality data presented in the FEIS that the surface
waters in the small tributaries at the proposed mine site, the Partridge, and the Embarrass Rivers
are all strongly influenced by the presence of wetlands in their watersheds. Surface runoff from
these wetlands are clearly sources of methylmercury to surface waters in this area. In no other

surface waters that I am professionally aware of are the fractions of total mercury as methylmer-
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cury as high as are reported in the FEIS (see previous sections).

Based on previous work that I have undertaken with colleagues in the St. Louis River watershed,
there are no other wetland types other than moss-dominated (bog) wetlands that are characterized
by a percentage of methylmercury in soils or porewaters that is consistently above 5% (see Fig-
ure 6.4.1 of previous opinion). Since there is clear evidence that the watersheds in which the
NorthMet development is proposed should be considered ‘sensitive’ with respect to the produc-
tion of methylmercury (see Munthe et al., 2007), it logically follows that impacts on these water-
sheds and wetlands that could influence the methylating environment should have be considered
in the EIS. Even small changes that increase methylation could have marked detrimental and

cumulative effects downstream.

2.5 Previous Opinion 5 (SDEIS)

In my opinion, the SDEIS presents the shallow groundwater hydrogeology, bog hydrology, and
the nature of connectivity between these landscape components in a purely conceptual fashion,
or with limited data from an unproven analog system. In doing so, hydrological impacts of the
proposed development on surrounding wetlands and subsequent changes in methylmercury

production and release are not adequately evaluated.

2.5.1 Impact Considerations of the Proposed Development on Peatlands
Based in part on the valid arguments of my previous opinion, the FEIS acknowledges that the
SDEIS consideration of ombrotrophic bogs as “no effect” with respect to impacts of the

proposed development was incorrect, although this is not explicitly stated. In the FEIS:

Open and coniferous bog wetlands within and surrounding the Mine Site were
subcategorized as either ombrotrophic (hydrology and mineral inputs solely from
direct precipitation) or minerotrophic (some degree of mineral inputs from
groundwater and/or surface water runoff) to determine if the bogs would be
affected by groundwater drawdown. Due to the potential connection to
groundwater flowpaths, ombrotrophic bogs would have a low likelihood of being
affected by groundwater drawdowns associated with proposed mining
operations. Similarly, more minerotrophic bogs would have also had a low
likelihood of being affected (Eggers 2015a). Using a conservative approach for
the analysis (i.e., one that errs on the side of estimating greater wetland impacts),
all bog communities within 0-1,000 ft from the edge of the mine pits were
categorized as Low Likelihood of wetland hydrology impact (PolyMet 2015b).
(FEIS 5-273).
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This is a curious statement in that it implies that (Eggers, 2015) makes statements concerning

ombrotrophic versus minerotrophic ‘bogs’. In fact, Eggers, in his well considered and reasoned

memo of January 15, 2015 indicates that:

It was recognized that the September 2010 field work was not ideal for
distinguishing ombrotrophic versus somewhat minerotrophic bog communities.
Subsequent to that field work, discussions occurred regarding whether more
expansive and intensive field work using releves, precise measurements of pH and
Ca concentrations, etc., for differentiating ombrotrophic versus somewhat
minerotrophic bog communities should be accomplished. This was not
implemented, however, due to a determination that more detailed
vegetation/pH/Ca/landform data would still not provide a definitive answer
regarding potential indirect impacts. (Eggers, 2015).

Therefore no such distinction can reasonably be made given that other diagnostic data was not
collected and as a consequence, no “definitive answer regarding potential indirect impacts”
(Eggers, 2015) could be provided. Eggers further recognizes the potential for hydrological

impacts of bogs that were previously assumed to be ‘perched’ and decoupled from groundwater,

and found that the argument made in my previous opinion, and the literature provided to this
effect (e.g. Siegel and Glaser, 1987) were “convincing” (Eggers, 2015). Eggers does not,
however, reflect on the other important literature that I discussed that demonstrate the direct
effects of under-drainage from dewatering on peatland hydrology, nor does this enter into the
analyses included in the FEIS (see my previous opinion Section 4.5, discussion focusing on
Whittington and Price, 2013). In light of this potential groundwater connection, and as a
consequence, the potential for effect of under-drainage as a consequence of pit dewatering,
Eggers states:

Therefore, it would be reasonable to assume that all wetland types within this
zone would experience some degree of hydrology effects due to groundwater
drawdown. Some reviewers may be concerned that “low likelihood” for
hydrology impacts due to groundwater drawdown is not accurate and instead
should be “moderate likelihood” or “high likelihood.” The bottom line is that the
potential for indirect impacts to all bog communities within the 0-1,000 foot
analog zone is acknowledged. In the event that the NorthMet Project is permitted
and constructed, monitoring would be required to verify whether indirect impacts
occur and, if so, the magnitude of those impacts. (Eggers, 2015). (Emphasis in
bold is mine).

This statement stands in sharp contrast with what appears to be a misstatement of Eggers’
conclusions that is found in the FEIS:

“...ombrotrophic bogs would be less likely to be affected by groundwater
drawdowns associated with proposed mining operations, whereas more
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minerotrophic bogs would have a higher likelihood of being affected (Eggers
2011a, 2015). (FEIS 5-263)

This language in the FEIS clearly does not reflect Eggers’ revised professional opinion in his
2015 memo.

It is therefore clear that, based the FEIS, in its shift in categorization from no-effect to low
likelihood, is “acknowledging” the potential for ‘impacts’ on bog wetlands, which are sources of
methylmercury in these watersheds. This shift in categorization would suggest that, in keeping
with the recommendations of Eggers, at the very least potential mitigative measures and/or
additional monitoring would be undertaken if the NorthMet Project were to be permitted and
constructed. However, this is not the case. The FEIS not only minimizes the risk of drawdown
effects on ombrotrophic bogs, but proposes no method to prevent or detect these impacts.

If the NorthMet Project Proposed Action were to be permitted and it was determined
that the NorthMet Project Proposed Action would cause future wetland effects,
wetland monitoring would be conducted. (FEIS 5-355).

This sentence absolves the NorthMet project proponents from taking even the proactive action of
monitoring. It is completely unclear how it can be determined if the project would cause wetland
effects without performing hydrological monitoring first. This and other similar text in the FEIS
suggests that there is, in fact, no plan for proactive monitoring to address incremental direct or
indirect impacts of the proposed project on wetlands in the area of impact.

In fact, to the extent that monitoring is planned for indirect wetland impacts, it is proposed that
this monitoring will exclude the ombrotrophic bogs at the NorthMet mine site.

Wetland hydrology and vegetation would be monitored, and additional monitoring locations
may be considered during permitting. A component of the monitoring plan would be based
on those wetlands that would have a high likelihood of indirect effects as a result of
groundwater drawdown. (FEIS 5-361).

The monitoring plan, developed as part of the federal and state permitting process,
would be based on those wetlands that have a high likelihood of indirect effects as a
result of groundwater drawdown. (FEIS 5-303).

Despite the FEIS’ discussion of its “conservative approach” (FEIS 5-279) of considering bogs to
be low likelihood of impact rather than no-effect, there are no implications of this change in
language from the SDEIS to the FEIS. The FEIS retains the unproven analog model to assess
indirect wetlands impacts at the NorthMet mine site. Then, when Eggers (2015) indicates that it's
a matter of professional opinion whether or not impacts on ombrotrophic or minerotrophic bogs
are of low, moderate or high likelihood, particularly within 1,000 feet of the proposed mine, the
FEIS requires no mitigation measures or monitoring of impacts by placing them in a “low
likelihood” impact category.
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To place ombrotrophic wetlands that are potentially the greatest source of methylmercury to
receiving waters in this landscape in a low likelihood of impact category that excludes these
wetlands from further consideration and even from monitoring, renders meaningless the shift
from a “no-effect” classification. This exclusion also disregards the recommendation by Eggers
(2015), that, “Monitoring would include a network of monitoring wells/dataloggers and
permanent vegetation plots established in representative wetlands (including communities
mapped as ombrotrophic bogs) to quantitatively measure any indirect impacts.”

It is critical to emphasize that neither the FEIS nor the Eggers memo recognize the distinct
indirect effects of mine drawdown at the project site on mercury methylation. Even if monitoring
were done in ombrotrophic wetlands to evaluate the effects of hydrology on changes in
vegetation, that monitoring would not detect changes in mercury methylation impacts. The
indirect effects of changes in hydrology on vegetation community is perhaps the least significant
consideration in terms of water quality impacts and cumulative effects on aquatic and human
health in receiving waters of small tributaries, the Partridge and Embarrass Rivers, and the St.
Louis River. Even relatively small changes in water table position and wetting and drying
frequency in the ombrotrophic wetlands at the NorthMet mine site have the potential to impact
sulfate and methylmercury concentrations of receiving waters. Both baseline and future
monitoring of outflow waters from these wetland types for flow volumes and water chemistry,
including methylmercury and sulfate, would be necessary to truly monitor and evaluate the
impacts of the proposed development. Perhaps more important, considering the potential for
mercury methylation, bog wetlands around the proposed mine site must be considered to have a
very high likelihood of indirect impacts from the proposed NorthMet development.

2.5.2 Impact of Hydrological Impacts on Sulfate and Methylmercury in Peatlands
In my previous opinion, I highlighted that the SDEIS does not make the connection between the
dominant wetland type and landcover class (bog wetland, ombrotrophic or otherwise) in the area
of impact around the proposed NorthMet project and methylmercury production in the
landscape. The SDEIS completely failed to consider the impacts that additional sulfate from
seepage to surface water and atmospheric deposition, and changes in hydrology may have on the
biogeochemical function of wetlands. Superficially, the FEIS has modified some sections to add
language on the scientific basis of these relationships. However it is not carried the science
forward in any formal consideration of potential impairments of downstream water quality.

In a review of the FEIS there are statements that clearly link wetlands to methylmercury export
to surface waters in the area of proposed development.

Overall, these studies suggest that most mercury methylation, at least in the St.
Louis River Basin, primarily occurs within wetlands rather than in stream
channels and the methylmercury is flushed to rivers from wetlands during storm
events. (FEIS 5-232).
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This statement is true with respect to the location of methylation in the watersheds. However, it
is overly simplified in that is focuses on export during storm events. It is true that mercury,
methylmercury and other solutes are flushed during storms, but they also are continuously
exported under baseflows, and during other high flow events, such as the spring snow melt. See
Mitchell et al. (2008) for an elaboration on the timing and sources of methylmercury export from
a peatland catchment in north central Minnesota. Despite the tendency of the language used in
the FEIS to imply that the ombrotrophic, or rain-fed bogs are “perched” in the landscape and
only connected hydrologically to the atmosphere (and are therefore neutral with respect to their
impact on water chemistry and sensitivity to impact from changes in hydrology), the reality is
that all bogs shed water via outflows to downstream systems, and as such strongly influence the
chemistry of receiving waters.

Despite the apparent awareness in the PolyMet FEIS of the role of wetlands as sources of
methylmercury in this sensitive landscape, the potential impacts of the proposed NorthMet
development on the mercury biogeochemistry of wetlands are not considered in any of the EIS
assessments, including the FEIS. There is clear published evidence (almost all from Minnesota)
that the addition of sulfate, either from runoff to the edges of bogs (Mitchell et al. (2008a), or
from direct atmospheric deposition to bogs (Jeremiason et al., 2006; Coleman-Wasik et al.,
2012) increases mercury methylation in wetlands.

2.5.3 Drying and Wetting Effects on Methylmercury in Peatlands
In their most recent work, Coleman-Wasik et al. (2015) show that water level draw down in a
bog due to a summer drought resulted in the oxidation of sulfide back to sulfate, which, upon
rewetting significantly stimulated the production of methylmercury. This important new
research concluded that:

“Because the sulfate that reappeared in pore waters during rewetting events likely
came from the large pool of organic sulfur in the peatland, prolonged water table
drawdowns lead to greater sulfate release in all treatments”

and
“Although there was evidence of increased MeHg production as the drought-
induced sulfate was consumed, our results also demonstrate the potential for
drought to further elevate MeHg flux from peatlands because of oxidation and
desorption of MeHg from the solid phase.”

Moreover,

“Not only was that sulfate then available to drive SRB activity and Hg
methylation but it was also available for export to downstream aquatic systems
(e.g., lakes and other wetlands) that could be equally susceptible to in situ net
methylation.”
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(Coleman-Wasik et al., 2015)

The sulfate regeneration phenomenon is well-documented in wetlands and in particular,
Minnesota peatlands (see Coleman-Wasik, 2015). Given the recent findings of Coleman-Wasik
et al., and the consistency of these findings with prior research and biogeochemical
understandings, the most reasonable scientific conclusion is that stimulation of methylmercury
production by the rewetting process is a ubiquitous process in peatlands such as those studied,
which are typical of Minnesota bog-type wetlands. As such we must expect that a significant
proportion of bog wetlands that are within the zone of drawdown from the proposed mine
proposed development will also exhibit sulfate regeneration and increased export of
methylmercury, under natural rewetting cycles as well as storm events.

It follows logically that wetlands proximal to the proposed development will be hydrologically
influenced by the open pit dewatering, particularly in the 0-1000 foot analog zone. As such, bog
underdrainage could increase the amplitude of water table fluctuation, and enhance drought-
induced peat drying, sulfate regeneration, and mercury methylation. It is clear that the pattern of
methylmercury concentrations observed in the Partridge and Embarrass tributaries of the St.
Louis River is strongly indicative of a peatland influence (see comments above pertaining to
prior Opinion 1). In fact, from my own research and familiarity with the literature, it is only in
bog-type peatlands that the percentage of methylmercury in any waters (mainly porewaters) is
persistently 10% or greater, indicating that the chemistries of both these rivers and their
headwaters are dominated by runoff from their peatland-dominated catchments.

The findings of Coleman-Wasik et al. (2015) also call elevate concerns about other impacts of
the NorthMet development on mercury methylation. Storage of peat overburden in the unlined
laydown area for 11 years would result in repeated flushes of methylmercury as well as inorganic
mercury. Although the FEIS suggests (FEIS 5-227) that the impact of stored mercury on loading
of inorganic mercury has been considered as part of its mercury mass balance, no data is
provided from which it can be determined if the FEIS assumptions are reasonable. In addition,
the FEIS does not consider the effect of the peat overburden storage on methylmercury formation
and export. The continuous process of drying and rewetting of overburden peat stockpiled in
laydown areas may not only continue to release inorganic mercury, but may also continuously
regenerate sulfate, and in anaerobic locations, promote methylmercury formation.

If natural drought-rewetting cycles contribute to net methylmercury production in wetland types
that are already sensitive with respect to mercury methylation, then we must expect that any
development-induced change in hydrology, such as those proposed at both the NorthMet mine
site and tailings basin, could amplify those drought-rewetting cycles (in terms of magnitude,
frequency, or both). These implications should not be understated. Independent of any
additional releases of uncaptured sulfate or mercury from the proposed NorthMet development,
dewatering of wetlands surrounding the tailings basin through seepage collection and even
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modest impacts on water table position by underdrainage of mine site peatlands through open pit
dewatering could increase total mercury, methylmercury and sulfate in the Partridge, Embarrass,
and ultimately the St. Louis River.

2.5.4 Effects of Atmospheric Deposition of Sulfate on Methylmercury in Peat-
lands
The principal atmospheric impact on methylmercury production in nutrient-poor wetlands is
through the deposition of sulfate. Jeremiason et al. (2006) found that there was a strong
correlation between increase in sulfate loading and increase in methylmercury in peatland pore
waters. However with a ~4x increase in sulfate loading, the magnitude of the increase in
methylmercury export (i.e. the direct effect on downstream systems) from the peatland was ~2x.

The FEIS projects a potential incremental increase in surface waters of 4.2 mg/L in wetlands
(FEIS 5-339). Ireviewed Barr (2015f) that is the source of this information, and found that the
data reflects a more substantial sulfate loading than that characterized in the FEIS. On p. 42,
Barr (2015f), 1.26 grams of sulfate per square meter per year (g/sq.m/yr ) is presumed to mix
“with the surface 12 inches of water (30 cm = 0.3 meters; average depth of water in a typical
‘wetland’ as defined by the MDNR (2014))”.

This is an invalid assumption. Nutrient-poor wetlands like ombrotrophic bogs do not have a foot
of standing water at their surface — in fact they rarely have any standing water. Therefore,
sulfate deposition should be assessed as a true load to the surface, not as a diluted concentration
(2015%). If 1.26 g/sq.m/yr of sulfate deposition is reconciled against the reported background
deposition of sulfate for the region, the FEIS conclusion that there would be an “incremental
change” or “small increases” in sulfate-poor wetlands (FEIS 5-339) cannot be sustained.

As reported in Coleman-Wasik et al. (2012), sulfate deposition in north-central Minnesota in the
2000s averaged ~ 5.5 kilograms per hectare per year (kg/ha/yr). Coleman-Wasik notes that this
is a decline of about 50% from the much higher deposition rates of the mid-1980s. PolyMet
(2015b, p. 40) reports an average wet deposition of sulfate used in their calculations as 3.75
kg/ha/yr from a local deposition monitoring station, with an assumption of an additional 22% of
total deposition as dry deposition (dust). Therefore total sulfate background deposition in the
project area would be 4.58 kg/ha/yr using PolyMet’s own numbers, which are in line with the
average presented in Coleman-Wasik et al.

If we express the maximum estimated sulfate deposition rate of 1.26 g/sq.m/yr from the Barr
(20151, p. 42) reference used in the FEIS analysis in units equivalent to those for background
sulfate deposition then (since there are 1,000 g/kg, and 10,000 sq.m/ha):

1.26 g/sq.m/yr = 12.6 kg/ha/yr
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Therefore, the increase in sulfate loading calculated for the proposed development is not
inconsequential. The new total sulfate load of 17.2 kg/ha/yr is, in fact, 3.76 times the background
sulfate deposition rate of 4.58 kg/ha/yr.

This total load is more than half of the experimental increase in sulfate applied to the
experimental wetland first reported in Jeremiason et al. (2006), and subsequently described in
Coleman-Wasik et al. (2012; 2015). It is also approaching the enrichment above estimated
background (4x) that these researchers applied experimentally, resulting in significant increases
in pore water methylmercury, methylmercury export, and sulfate regeneration as discussed
above.

Jeremiason and colleagues found that the increase in peatland export of methylmercury in runoff
was approximately 2x with a 4x increase in sulfate deposition (based on 1990s sulfate deposition
values of approximately 8 kg/ha/yr). If we accept that the 4.58 kg/ha/yr background level in
PolyMet’s calculations is a reasonable value for contemporary total sulfate deposition for the
region, then methylmercury export from sensitive peatlands may increase by up to 1.88x if the
relationship presented by Jeremiason holds true. Barr (2015f) states that the deposition values are
conservative and assume that all sulfur in dust is converted to sulfate. However given the
magnitude of the potential impact described above, if less than the total sulfur deposited is
liberated to the environment as sulfate, there will still be a substantial stimulatory effect on
peatland methylmercury production.

The potential near-doubling of methylmercury export from methylating peatlands receiving an
additional sulfate load from the proposed PolyMet development would be reflected in
methylmercury concentrations in the upper tributaries, and the Embarrass and Partridge Rivers,
given the role these wetlands play in supplying water to these streams and rivers. Increased
methylmercury would also be expected to impact the upper St Louis River, given the direct
hydrological connection and known methods of methylmercury transport. In addition. Coleman-
Wasik et al. (2015) found that the portion of the experimental wetland recovering from high
sulfate loading had methylmercury levels intermediate between those of unimpacted and current
experimental treatments. It can be expected that effects of elevated sulfate deposition on
peatlands will persist to some degree even after additional sulfate loading has ceased.

2.6 Previous Opinion 6 (SDEIS)

1t is my opinion that the potential for the discharges of mercury and sulfur from the tailings
stockpiles/ponds are inadequately addressed in the SDEIS, and the potential for both direct and
indirect downstream water quality impairments are understated.

In the FEIS, there is considerable uncertainty in the data on mercury in both natural surface
waters and groundwaters. This uncertainty stems from concentration data that continues to be
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fraught with errors, fails to apply an uncertainty analysis to mercury or methylmercury, and fails
to report chemical data in a consistent and scientifically standard way. Moreover, the FEIS
continues to rely on a mass balance model that, even if its underlying discharge assumptions
were reasonable (which they do not seem to be) in the absence of a modeled cumulative error,
presents us with mass loadings of sulfate, mercury and methylmercury to the Partridge and
Embarrass Rivers that are unusable. Cumulative errors embedded within the estimates cast
serious doubt on the extremely small net gains or losses used in the FEIS to claim that the
NorthMet impact would have no net impact on downstream loading of inorganic mercury.

The FEIS continues to rely on several insufficiently substantiated assumptions regarding
collection of seepage from both the mine site and tailings basin to assert that surficial
groundwater won’t be impacted by release of sulfates to methylating environments. In my
opinion, the data presented in the FEIS is insufficient to discount the potential for seepage of
sulfates and associated impacts to wetlands in the vicinity of both the project mine site and
tailings basin. Such seepage would enhance methylmercury production in the project area and
could also contribute directly to water quality impairments in sulfate-poor sediments downstream

of the project site.

Unchanged from the SDEIS, the FEIS continues to rely heavily on the implementation of a
Waste Water Treatment Plant (WWTP) with Reverse Osmosis (RO) at the tailings basin and the
addition of further Reverse Osmosis (RO) water treatment facility at the mine site Waste Water
Treatment Facility (WWTF) upon closure, to reduce sulfate and mercury concentrations in
captured seepage from wastes, and tailings seepage water prior to discharge to surface waters.
Additional flaws in the logic of this approach were revealed to me after reviewing additional
documents that arose from the SDEIS review. The comment by Daniel Pauly (see materials
referred) was helpful in directing me to review project pilot test information about treatment
technologies, which, like many other aspects of the FEIS, turn out to be deficient with respect to

mercury.

In fact, the pilot test cited in the FEIS (Barr 2013f) includes no testing and provides no certainty
concerning the removal of mercury or methylmercury from tailings basin seepage or other
recovered waters as part of the proposed NorthMet development. When combined with the
uncertainty of other FEIS estimates concerning mercury inputs to treatment plant influent, I have
no confidence that these proposed strategies will succeed in meeting water quality guidelines.
Pauly rightly identifies that the project’s proposed “adaptive engineering” approach will lead to
decades of reactive actions to impaired water quality triggers. Moreover, the release of sulfate

and mercury (particularly that which has been atmospherically deposited) from watersheds may
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occur after a significant lag time associated with sequestration, biogeochemical processing and
subsequent release to the downstream environment. This lag time may be at least a decade (and
likely multiple decades) in time scale (see Harris et al., 2005; Munthe et al., 2007) indicating that
potential impacts may not be revealed in a way that adaptive engineering can manage, resulting

in what will effectively be a permanent downstream impairment.

3 Conclusions Concerning the FEIS

There are no modifications to the FEIS from the SDEIS that change my opinion that the
likelihood of downstream water quality impairments from mercury and methylmercury as a
result of the proposed NorthMet development is not scientifically or rigorously evaluated in the
EIS. The mass balance model used by the FEIS to deny the potential impact of inorganic
mercury loading to downstream waters is neither reasonable nor based on reliable data. The
FEIS’ misleading precision regarding inorganic mercury releases serves as a distraction from the
far more significant impacts of the NorthMet project on increased production and export of
methylmercury, the form of mercury that bioaccumulates and poses risks both to aquatic life and
wildlife and to human health.

As I stated in my opinion on the SDEIS, the NorthMet project would result in the potential for
downstream impacts to ecosystems, and potentially to human health, through the exposure to
increased methylmercury concentrations in surface waters and the aquatic food chain.

In fact, since my prior opinion, additional methylmercury data included in the FEIS and
supporting references and newly-published peer-reviewed literature reinforces and strengthens
the conclusion from my previous opinion. The methylmercury data from the mine site tributaries
and Partridge and Embarrass Rivers, in particular, reveal a landscape that is sensitive to mercury
contamination, and already has high potential to convert inorganic mercury to methylmercury
(i.e. many potential sites of methylation that are hydrologically connected to receiving waters).
Moreover, recent credible scientific findings about sulfate regeneration and enhanced
methylation in bogs that are subjected to wetting and drying cycles leads me to a justifiable
concern that increased drying from dewatering near the proposed NorthMet mine site and
tailings site would further the increase the potential of these watersheds to produce and export
methylmercury. These potential drying and wetting impacts will be superimposed onto a
changing climate over the next century that will further enhance drought and rewetting effects on
methylmercury production in wetlands.

Increased mercury methylation in wetlands at the NorthMet mine and tailings basin site as well
as potential direct releases of mercury, sulfate and methylmercury from the project create a
substantial risk of increased methylmercury in project site tributary streams, in the Partridge and
Embarrass Rivers and downstream in the St. Louis River. My conclusion is based on the
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preceding opinion, the opinion I submitted commenting on the SDEIS and the accepted
conceptual understanding of wetland methylation and downstream impact summarized below:

1.

Methylmercury is produced in the methylation “hot spots” in the landscape (wetlands).
This methylation may be enhanced by direct and indirect impacts of the proposed
development that include hydrological impacts, the atmospheric deposition of sulfate, and
to a lesser degree, the atmospheric deposition of mercury.

Wetlands (including true ombrotrophic bogs) are the water supply for the headwater
tributaries of the Partridge and Embarrass Rivers.

Methylmercury is exported in both baseflow (continuous supply to streams) and
stormflow (during snowmelt and rainstorms) runoff from these wetland sites of
production to headwater tributaries of the Partridge and Embarrass Rivers.

As wetlands are the source of much of this methylmercury, most will be bound to
dissolved organic matter (derived from the decomposition of wetland organic soils) in
water, which stabilizes methylmercury in solution, even under oxygenated conditions.

Methylmercury is transported in the Partridge and Embarrass Rivers. Along the
flowpath, some methylmercury will be sorbed to particles, bound to plant matter and
algae, and bioaccumulated into aquatic organisms including fish. Binding to dissolved
organic matter will reduce photodemethylation rates due to both the molecular binding,
as well as light attenuation from the water color associated with organic matter (and iron,
as may be the case).

Methylmercury dissolved in water, suspended organic and inorganic particles, and
biological media will continue downstream in the Partridge and Embarrass Rivers and
flow into the St. Louis River. This methylmercury will continue to cycle as described in
the above paragraph 5. By rough approximation, the distance between headwater
tributaries proximal to the Plant Site (Embarrass River Watershed) and the Mine Site
(Partridge River Watershed) are roughly 12-15 miles from the St. Louis River. There are
numerous lakes, reservoirs, and other sources and sinks of methylmercury along these
flowpaths, however there is no physical or chemical basis to discount contributions of
methylmercury from the upper tributaries of the Partridge and Embarrass Rivers to the St.
Louis River.

There are no barriers to fish movement among the tributaries and the St. Louis River, so
entry of methylmercury into higher organisms and fish could occur at upstream in the
Partridge and Embarrass Rivers and fish could migrate downstream to the St. Louis
River.
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In conclusion, I reject as unsupported and without scientific justification, any statement or
implication in the FEIS that the proposed NorthMet development would not increase risks of
methylmercury production and transport in the Partridge and Embarrass River watersheds,
particularly in ombrotrophic wetlands near the mine site and wetlands affecting by tailings site
seepage collection, changes to hydrology or atmospheric deposition. Based on the relatively
high concentrations of methylmercury, and more importantly the high percentage of total
mercury that is methylmercury in mine tributary streams and in the Partridge and Embarrass
Rivers as well as the scientifically accepted mechanisms of methylmercury production and
transport, it is clear that the watersheds impacted by the proposed development contain
significant sites of methylmercury production, and therefore are sensitive to changes presented
above that would result in enhanced methylmercury production.

It is my opinion that the NorthMet development could create a substantial risk of ecologically
significant increases in water column and fish methylmercury concentrations in downstream
waters, including the St. Louis River. Finally, even if appropriate monitoring for biogeochemical
changes in wetlands and sediments near the development were to be designed and implemented
(a difficult and complex undertaking requiring collection of baseline data not supplied in the
FEIS), it is highly likely that lag times for expression of methylmercury increases, multiple
mechanisms of transport, and the likelihood of legacy regeneration of sulfate stored in the
watershed would preclude effective adaptive management prior to irreversible impairment of
downstream waters.

NorthMet FEIS 27



Expert Opinion of Brian A. Branfireun, PhD.

DRAFT

4 Materials Referred

NorthMet FEIS

28



Expert Opinion of Brian A. Branfireun, PhD.

DRAFT

NorthMet FEIS

29



Expert Opinion of Brian A. Branfireun, PhD.

DRAFT

5 Curriculum Vitae - Branfireun

NorthMet FEIS

30



