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Lansi ng, M chi gan

Monday, May 5, 2008 - 8:32 a.m

JUDGE PATTERSON: Are we ready to --

MR. DYKEMA: W are ready, your Honor.
Petitioners call Dr. Paul Adanus.

JUDGE PATTERSON:  Ckay.

MR LEWS: Could I have just a mnute, your

Honor ?

JUDGE PATTERSON: Yeah; sure.

MR DYKEMA: Dr. Adanus.

REPORTER. Do you solemnly swear or affirmthe
testinony you're about to give will be the whole truth?

DR ADAMJUS: | do.
PAUL R ADAMUS, Ph.D.
havi ng been called by Petitioners and sworn:

DI RECT EXAM NATI ON

BY MR DYKEMA:

Q

o » O >» O >

Dr. Adamus, woul d you pl ease state your full nane and spell
your |ast name for the record?

Paul Raynond Adanus. My last nane is spelled A-d-a-mu-s.
And, Dr. Adamus, where do you live?

I live in Corvallis, Oregon.

Your address there?

6028 Nort hwest Burgundy Drive, Corvallis.

Where are you currently enpl oyed?
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| currently have two enploynents. One is -- | have ny own
consulting firm Adanus Resource Assessnent, |ncorporated.
And | also amaffiliated with Oregon State University with
an appoi ntnent as courtesy professor there.

W1l you please sunmari ze for the court your post-secondary
educat i on?

My bachelor's degree is in wildlife science fromthe
University of Maine. My master of science degree is from
University of Utah in biology. And ny Ph.D. is inwildlife
science from Oregon State University.

What was the subject matter of your dissertation?

The subject matter was the use of wetland and riparian
habitats in the Wllanette Valley, Oegon, during the

W nter.

The use of those habitats by what kinds of organisns?

Ch, by birds.

And what was your first time -- your first full-tinme job in
wet | and sci ence?

In 1975, | began working for the Center for Natural Areas,
whi ch was affiliated with the Smthsonian Institution with
offices in Washington, D.C., Los Angel es and Maine. And
was enpl oyed at their office in Mine.

And what work did you do with the Center for Natural Areas?
| was enployed as a scientist for them And | worked on a

variety of projects, one of which, for exanple, was a study
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of a power line right-of-way that crossed all the northern
New Engl and states. And during the course of that project,

| visited over a hundred wetl ands, nany of them bogs and
fens, which are two very common types of wetlands in

nort hern New Engl and.

And did you do wetland surveys?

Yes. | did do somewhat in surveys. And in 1980, | was

the -- | began as the principal investigator of a nmajor
project for the Federal H ghway Adm nistration. And that
proj ect involved devel oping a rating systemfor wetlands for
the entire United States. Federal H ghway had sel ected
Center for Natural Areas and nyself to do that project. And
| worked at it for about two years. And the culmnation was
a report -- a systematic nmethod for scoring wetlands for
assessing them based on their functions and val ues.

Does that scoring system have a nane?

Well, at the tine, it was called the Federal H ghway Method.
But subsequently it went through a rigorous peer review by
about 30 scientists -- wetland scientists fromall over the
United States. And follow ng that peer review, the U S
Arny Corps of Engineers which, as you know, is the major
agency that is responsible for wetlands regulation -- the
Corps of Engi neers decided to adopt that nmethod after sone
addi tional revisions. And they published that in 1987 under

the name WET. It stands for Wetland Eval uati on Techni que.
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And have other regulatory authorities in the United States
adopted or endorsed the Wetland Eval uati on Techni que t hat
you devel oped over these years?

Yes. A nunber of states have devel oped their own regional
nodi fications of it. An exanple would be M nnesota, which
in the md 1980's used WET. And | net with them several
times. And they devel oped a version for M nnesota.

How | ong were you with the Center for Natural Areas?

| was with the Center until approxi mately 1983.

Where did you go then?

At that time, | did a brief stint with the Mi ne Departnent
of Energy. And then | went to work for a private consulting
firmby the name of EcoAnal ysts.

And did you do wetlands research for EcoAnal ysts?

Yes, | did. One of the projects that | did with

EcoAnal ysts, | was principal investigator for was a survey
of wetlands in southwestern Maine rating themfor their
functions and values. And for that, we devel oped a regional
version of WET or at that time it was still the Federal

H ghway Method, and we applied that rating systemto well
over 100 wetlands in southern New Engl and -- southern Mi ne.
How | ong were you with EcoAnal ysts, Inc.?

| was with Ecoanal ysts until 1986.

What did you do then?

In 1986, | was approached by the City and borough of Juneau,

1001
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Al aska, which is in ternms of | and area one of the |argest
boroughs and cities or nunicipalities in the United States.
And Juneau, Al aska, has enornpus nunbers of wetlands. And
they asked ne to assess their wetlands. They gave nme a sole
source contract to assess their wetlands and the functions
and val ues of those wetlands. And I did so. And that was
subsequently incorporated into one of the first wetl and
managenent plans for any nunicipality in the United States.

| believe it was the second one ever done.

Are the wetl ands that you surveyed for the borough of Juneau
simlar to wetland networks in the Yell ow Dog Pl ai n?

They have many simlarities, yes. They're both in glaciated
regions. And we | ooked specifically at sone

preci pitation-driven wetlands, which were bogs, and al so at
a |l arge nunber of groundwater-driven wetlands, which wetland
ecol ogi sts often -- they often call fens. And in the course
of |l ooking at nany bogs and fens, | was partnered with an

enm nent hydrol ogist, Dr. Donald Siegel, from Syracuse
University. And Don and | installed piezoneters around
these -- around and in these bogs and fens and nonitored the
groundwat er | evels, |ooked at the groundwater chem stry and,
you know, became very famliar with situations that are
somewhat anal ogous to the Yell ow Dog Pl ain.

Do you consider yourself an expert in groundwater hydrol ogy?

| do not. | call nyself a wetland scientist. And to be a
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wet| and scientist one has to be famliar with a | ot of
topics ranging fromwater chemstry to hydrol ogy to biol ogy.
But | don't consider nyself a naster in any of those and
particul ar in groundwater hydrology. | often consult with
ot her experts. But | do have, |I feel, a good working

know edge of the subject.

Do you have to have a good worki ng know edge of the subject
to anal yze wetl and function?

Yes. You don't have to have, you know, the equivalent of a
Ph.D., but you do have to have a good worki ng know edge of
groundwat er hydr ol ogy.

You nentioned earlier Adanus Resource Assessnent, Inc. Wen
did you create that conpany?

Vll, | created it initially in 1986. But after conpleting
the study for Juneau, Alaska, | had a very attractive offer
to work in the Environnental Protection Agency's; that is,
EPA' s; National Wtlands Research Program which is
headquartered in Corvallis, Oegon. And | was hired onto
their programnot directly by EPA but through their
contractor. That's very nmuch how they operate at that
particular |ab. Because of the paperwork and difficulties
of hiring through the federal system they have their
contractor hire scientists. And | continued working there
for ten years, from 1987 to 1997

And during those years, you were operating primarily as a

1003
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contractor to the United States EPA?

That's correct; yes.

Can you describe for us some of the najor contracts and
projects that you undertook as a contractor for EPA relating
to wetl ands survey anal ysis and sci ence?

Ckay. At the tine, they were beginning to discuss the
devel opnent of water quality criteria for wetlands, water
qual ity standards for wetlands. And | organized and led a
nati onal workshop of scientists on that topic. | also

wor ked on cumul ative inpacts. EPA had an initiative to
devel op net hods for assessing cumul ative inpacts at a

regi onal or |andscape scale. And | worked to -- | was one
of several people involved in the devel opnent of a

st andar di zed protocol which was published under the title
"Synoptic Method of Assessing the Cunul ative Inpacts of
Wetlands." It's approximately the title. And that was, you
know, a major effort. | also analyzed through statistica
anal ysis, regression and so on, the role of wetlands on a
wat ershed basis in parts of Illinois. And | prepared a
major literature review on the subject of inpacts to

wetl ands for the entire United States.

What is the range of inpacts that you were surveying?
Well, we considered a broad array, nyself and the person
that | was working with on this. W considered all the

taxonom ¢ routes, so we considered wetland plants, wetl and
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al gae, wetland birds, wetland anphi bi ans, you know, the full
taxonom ¢ range. W had a chapter on each of those
taxonom ¢ groups. And within each chapter we tal ked

about -- we had about a dozen major types of inpacts. So
one type was the effects of groundwater -- or the effects of
wat er | evel drawdown on that group, the effects of toxic
chem cal s on that group, the effects of habitat
fragnmentation on that group and so on. So it was a very
conpr ehensive survey that, | believe, involved close to a

t housand publications in the peer-reviewed literature that
we reviewed -- that | read personally and then extracted
that information in this major report that's al nost 200

pages in | ength.

Does the United States EPA still rely upon or reconmend that
report?
They do encourage its use. |It's certainly -- it's not a

requirement. But they have it on their official website in
the wetlands division. And they -- they do consider it a
very good piece of work by virtue of the fact that they
actually asked nme ten years later to cone back and update
that report, which | did under contract to them

And when did you do that?

| did that in 2001 it was published. And | worked on it
then with the help of one of ny graduate students.

You sai d your contract work with EPA took you through 1997.
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Where did you go then?

At that time, | decided -- well, | had two possibilities.
One, | was interested in restarting ny consulting firm
Adanmus Resource Assessnent, which | had shelved. | had been

required to shelve that during the ten years that | worked
at EPA. So | wanted to restart that. And | also had an
invitation to beconme a faculty research assistant at O egon
State University during -- that was not a full-time thing.
But | did do that. So | began that dual enploynent path,
which | currently naintain now.

Does your affiliation with Oregon State University hold out
the prospect of tenure?

| have considered that possibility, but | have voluntarily
chosen not to pursue tenure because it would restrict ne
fromdoing the outside projects with ny consulting firmto
the degree that | do themright now And frankly that's
what | enjoy nost is taking the science and applying it to
real -world situations.

And whom do you teach or instruct at Oregon State?

Well, currently | have three graduate students that |
supervise. And | have supervised others in their theses and
so on in the past. And | serve on faculty commttees at the
university. And I, you know, participate in university
work. | do have -- | have had opportunities to teach

university courses. But frankly |I've been too busy. | do
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enjoy teaching. But what |'ve been doing in terns of
teaching is through ny firm ARA, |'ve been teaching not

col | ege students so nuch but other professionals. |

provide -- or | train in about three or four courses per
year. |'ve been doing this for the last ten years
approxi mately -- training other wetland professionals.

These are people fromthe Arny Corps of Engineers, from EPA,
fromstate agencies and fromconsultants. And | should note
that |'ve been a trainer or a teacher of wetland assessnents
since the md 1980's when the Arny Corps of Engi neers asked
ne to train district Corps of Engineer staff in wetland
assessnent in various workshops around the United States.
And the only tinme | kind of took a break fromthat was
during the ten years that | worked at EPA

And when you | eave Lansing this afternoon, where are you
headed?

"' m headed to Houston, Texas, because |I'm going to be
training wetland professionals there the rest of this week.
Approxi mately how many times in your career has the Corps of
Engi neers or the United States Environnental Protection
Agency or state departnental agencies asked you to train
peopl e how to survey, analyze and understand wetl and
function?

Ch, | would say probably a couple dozen tines, yeah. |It's

numnmer ous.
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During the last ten years when you have the dual careers as
university instructor and your private company, have you
been asked by the National Park Service to do any wetl and
survey work?

Yes. They have involved ne in two projects. One is a few
years ago they asked nme to do a conprehensive assessnent of
the health of wetlands in two of the western national parks;
Crater Lake National Park and Lassen Vol cani c National Park.
And this was a grant through the -- or an agreenent through
Oregon State University. And nmyself and a grad student of

m ne and sonme seasonal hires went out and we were on the
ground during the sumrer visiting -- well, in the case of
Lassen, it was about 80 wetlands and, in the case of Crater
Lake, it was about 60 wetlands. And we spent a whole date
in each of those wetlands and | ooked at indicators of their
heal th and condition and possi ble stressors.

And whi ch was that park?

Lassen Vol canic National Park and al so Crater Lake Nati onal
Park. And another project | did for the National Park
Service, | was asked to help them They have put together a
conmpendi um of all the assessnment nethods not just for

wetl ands but for terrestrial ecosystens as well, so hundreds
of rapid assessnment nethods. This was an effort that was
conpl eted about a year ago. It's now on their website. One

can input the nane of any state and wetl and type and cone
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out with a list of nethods that are available for that. And
| hel ped them prepare that.

Does the United States EPA have plans for -- in the near
future for a new national wetland survey initiative?

Yes. Just to preface that for just a second, for the |ast
few decades the U.S. Fish and Wldlife Service has been --
every ten years they inplenment a national status in trends
for wetl ands where they neasure the gain and loss in wetland
acreage throughout the United States or some of the regions
of the United States. Well, their next assessnent is com ng
up in the year 2010, you know, just a couple of years from
now. And they have asked -- or they have partnered this
time for the first time ever with the EPA. And not only are
they going to assess whether we're gaining or |osing acres
of wetlands, but in 2011, EPA is inplenmenting a nationw de
statistical survey to assess the condition of wetlands; are
they healthy, are they degraded, what percentage of the

wetl ands are in good condition or poor condition. And
they're stratifying it by region and state and wetl and type
and a whol e bunch of things. And they have -- EPA has
started to neet with scientists and with state agency peopl e
bot h acadeni cs and state government peopl e.

And have you been asked to help with that?

Yes. | was invited to their first neeting about two nonths

ago in Portland, Oregon. They will be having a series of

1009
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ot her neetings over the com ng years which they've indicated
they very much want ne to participate in. But the goal of
these neetings is to come up with indicators and a
statistical design that we feel is the best possible for
assessing the condition of wetlands and the inpacts to
wetlands in the United States.

You tal ked about your work with the borough of Juneau. Have
you been asked by other nunicipalities or counties to
devel op wetl and policies?

| have. Kennebunk, Maine, back in the 1980's asked nme to
hel p devel op their wetlands ordi nance. Corvallis, O egon
where | live, | contributed to their natural features
inventory. And nost recently over the past three years the
| argest county in Puget Sound, Washington, |sland County,
has contracted with me a sole source basis to work with them
in their critical areas programto devel op and update their
critical areas ordinances and specifically the ordinance
dealing with wetlands. And the State of Washington has a

| egal requirenment enacted by their |egislature about 15
years ago that nunicipalities and other local entities mnust
use best available science in their wetland -- their wetland
regul ations. And the |l egislature and the agenci es have
spel l ed out very clearly what they nean by "best avail able
science." So in nmy work with Island County, |'ve been very

diligent in following their definition of "best avail able
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science.” And one of the three reports that |'ve prepared
for them focuses specifically on best available science for
wet | ands and wetl and functions and wetland buffers. And
that report went through a rigorous external peer review.
And subsequently just a nonth ago the state agencies in
Washi ngton issued a letter saying that they were extrenely
pl eased with the work that I had done in Island County, that
they saw it as pioneering work and they felt it was
cutting-edge. And they totally approved of the county's and
ny wor k.

Have you done any wetl and science work in M chigan?

| have. It has been sonewhat limted. But |ast sunmmer |
taught a course to wetland professionals at the Kell ogg

Bi ol ogi cal Station which is in southern M chigan near

Kal amazoo. And, you know, as | say, it was other wetland
prof essionals, nany of themfrom M chigan here. And it was

focused specifically on wetland assessnment. And we went

around -- spent several days in the field visiting wetl ands
i ncluding sonme that were groundwater fed. And we -- you
know, | taught wetland principles and we anal yzed the

situations. Mre recently |I've been a partner on a contract
with the M chigan Departnent of Transportation. Even though
I"'mout in Oregon, they wanted to include nmy expertise for
prioritizing wetlands. The state of Mchigan is in the

process of devel oping a method they call M RAM M chi gan
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Rapi d Assessnment Method. And they were -- the myocardi al
infarction DEQ was interacting with the M chigan DOT and
trying to devel op certain conponents of the M RAM net hod.
And through this contract, | was tasked specifically with
devel oping the wildlife habitat conmponent. And as part of
that, | devel oped nodel s which predict -- or will predict
the occurrence of every wetl and-dependent mammal and bird
and anphi bian and reptile in Mchigan including animals in
the project area.
By "the project area," you're referring to the Eagle M ne
proj ect?
Yes.
Dr. Adamus, how many total papers and reports have you
aut hored on the subject of wetland science?
It's over a hundred. Well, it's over a hundred publications
total. The mpjority of those have been on wetland sci ence.
And how many peer-revi ewed papers have you published?
|'d say at least a third of those have been peer-revi ewed,
maybe nore than half.

MR. DYKEMA: Can | have slide nunber 17?
VWhile we're waiting, Doctor, have you ever testified before
on wetl and sci ence?
Yes, | have, not in a courtroom proceeding but to the U S
Congress. |'ve been invited twice to testify on wetl ands.

Doctor, now, we've got up on the screen now -- well, Doctor,



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

1013

tell us what we're looking at in the screen?

We're looking at the two maj or points, which I wi sh to nmake
today and which I wll make through the evi dence provided,
one being that the wetlands at the mne site and those that
are outside the nine site to sone distance are exceptionally
sensitive inportant to the degree that | can tell that from
the data provided. And secondly that, not only are they
sensitive and inportant, but they also will be degraded or
in some cases, lost entirely as a result of the mne
activities.

O the hundred or so papers and reports that you have
publ i shed, how nany directly bear on the assessnent of the

i nportance and sensitivity of wetlands or on the degradation
and destruction of wetl ands?

Ch, | would say nore than half of them That has been a
nmaj or focus throughout ny 30-year career

MR DYKEMA:  Your Honor, 1'll ask that Dr. Adamnus
be pernmitted to testify as an expert in wetland science.

MR. PREDKO  Your Honor, Intervenor would just
state that M chigan | aw does not require that the expert be
tendered, nor does it require that parties stipulate that
the expert is an expert, nor does it require the Court to
affirmthat the expert is an expert. And we would therefore
reserve foundational objections for cross-exanination

MR. REICHEL: W have no objecti on.
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MR. DYKEMA: Thank you.
Dr. Adamus, can you summarize for the Court what you | ooked
at and reviewed in preparing the opinions that you intend to
of fer?
I"ve |l ooked -- first of all, | |ooked at the project
docunents, the environnental inpact assessnment and its
appendi ces, particularly those that were focused on
wetlands. | read the entire assessnent docunent. | read
the wetl and delineation report. And | read the reports that
dealt with wetland hydrol ogy and groundwat er hydrol ogy
generally. And also besides the reports, | did ny own
literature review on wetlands of M chigan and inpacts to
wet | ands from groundwat er extraction, groundwater draw down,
just to update nmy knowl edge and to nmake sure that | was
totally on target with nmy opinions on things.
How many papers did you review?
Ch, it was probably close to 60 or 80. And | also consulted
with sone of ny colleagues. For exanple, one of the pretty
em nent wetl and hydrol ogi st who did some of the Sem nol e
work back in the early 1970's here in the Mdwest was Dr.
Richard Nevitski. And Dick and I have been friends for a
long time. W used to work at EPA together. He was
formerly the head of the USGS in Illinois. And | conferred
with himabout this project and also with a nunber of

wet | and experts, |ocal experts from M chigan here, and
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certainly with the hydrol ogi st and ot her people on our team
here.

Did you have the opportunity to revi ew existing wetl ands
inventories as they reflect information on the Upper

Peni nsul a of M chi gan?

Yes, | did. | looked at the maps fromthe National Wetl and
Inventory and fromthe M chigan DEQ and, of course, the

proj ect docunents.

And did you review materials that have been prepared by

ot her experts that have testified or will testify for the
Petitioners in this case?

Yes. | reviewed hydrol ogic reports by a couple of firms,
GEO Matrix and there was another GEO sonething report that |
revi ened.

And have you revi ewed deposition maps that have been created
by a firmcall ed Conestoga-Rovers & Associ ates?

Yes, | have.

Dr. Adamus, are wetl ands inportant?

Yes. | believe they are. And | believed that even before |
got involved with wetlands as a career.

Why? Wiy are they inportant?

Wet I ands are inportant because the various types of habitats
on the | andscape, you know, things |ike, you know, forest,
farm and, desert, nountain, you know, the different habitat

types on the | andscape. Wetlands have the hi ghest
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function -- the highest |evel of function for a nunber of
functions, one being biological diversity. The nunber of
species that -- of plants and aninals that is dependent on
wetl ands to sustain themis, you know, generally higher than
nost other habitat types. Wtlands as a whole tend to be
very productive, and they have a major role in the hydrol ogy
of the landscape. So scientists conmonly categorize the

i nportance of wetlands in three categories; their hydrol ogic
benefits, their water quality benefits and their biol ogical
or biodiversity benefits.

And do wetl ands support mgratory birds and negaf auna?

Ch, yeah, certainly. There's thousands of -- or at |east
hundreds of species here in Mchigan that are very inportant
for which wetlands are extrenely inportant.

What are the hydrologic functions of a wetland?

Wel |, depending on the wetland type, its position in the

| andscape and a host of other variables, wetlands can be
very inmportant in regulating the flow of downstreamrivers.
You know, that is reducing flood peaks and sustaining | ow
flows during the late sunmer so that rivers don't dry up

And they can -- wetlands al so can influence the exchange

bet ween surface water and groundwat er.

Do wetl| ands have an effect on water quality?

Yeah, very definitely. Wtlands are anong the nost

i nportant systens on the | andscape for renoving nitrogen or

1016
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nitrate fromsurface waters. And nitrate is a non-point
source pollutant; in high quantities, that is. And wetlands
al so are effective depending again on type and setting and
other factors -- are very effective for renoving a variety
of other substances. However | want to point out that
wet | ands, al though they have a reputation as being filters
for pollution, they' re like your garbage disposal. You can
only put so nmuch into a wetland when it begins to choke, and
it begins to get degraded and then it doesn't function -- it
doesn't provide that function anynore of processing waste.
So there are definite limts.
Do wetl| ands store mercury?
They do. Methylnmercury -- nmercury in the methylmercury form
is inportant in wetlands. And in sone cases the organic
matter fromwetlands interacts with nercury and mercury can
be nobilized, which nmakes it available to the food chain.

MR DYKEMA: Next slide.
Dr. Adamus, we're now | ooking at a slide that you prepared,
which is a quote froma work by Drs. Tilton and Schwegl er ?
Yes.
What are Drs. Tilton and Schwegl er saying here, and do you
agree with thenf?
Yeah. \What they' re saying here is they' re focusing
specifically on wetlands in this region, the Geat Lakes

region. And | don't nean just along the shore of the G eat
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Lakes but inland wetlands as well. And they're saying that
these wetl| ands have extraordi nary functions, that they're
very inmportant. They produce organic matter. They support
| arge, you know, nunbers of invertebrates, birds. And
they're very inportant in mneral cycling. And they nmention
that the alteration of these wetland habitats can alter
regional patterns of mneral cycling and can cause an
increase in nutrient |oading and pollutant | oading to other
surface waters.

And about six lines down in this quotation fromthe Tilton
and Schwegl er paper, the authors state, "Wtlands are the
nost inportant habitat for wildlife in the Great Lakes
Region." [|'ve read only part of that sentence. Do you
agree with that statenent?

| do.

Doctor, maybe |'ve gotten ahead of nyself already. Let's
get back to the beginning. Wat is a wetland?

Well, a wetland is an area that -- it has -- by the | egal
definition used by the Corps of Engineers, which is the
regul atory agency, a wetland has to have three things. It
has to have a predom nance of hydrophytic plants; that is,
plants that are adapted to live in soils that are -- renain
saturated for a substantial part of the grow ng season.
Secondly it has to have what's called hydric soils. These

are soils which are saturated for |ong enough periods that
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they devel op distinctive chem cal characteristics, chen cal
reduction. And they have uni que geonorphic or geochem ca
cycles. And thirdly besides vegetation and soils, a wetland
has to have certain hydrol ogic characteristics -- hydrol ogic
i ndicators that are spelled out in the Corps of Engineers
1987 delineation manual as well as the wetland delineation
manual that M chigan DEQ has which is very simlar to the
Cor ps of Engi neers nanual

Is there a rule of thunb as to how deep a wetland nuch be
wet for a prolonged period in order to satisfy the
definition?

Yeah. There is a guideline that says that generally the
upper 12 -- the 12 inches fromthe ground surface down that
there has to be saturation during sonme of the year in that
area for the area to be called a wetland. Now, a |ot of
peopl e, you know, when they think of wetlands, they think of
areas that, you know, have shallow water in themduring a

| ot of the year and, you know, we see the pictures on TV

wi th thousands of ducks flying into, you know, these nice
mar shy, ponded areas. But in actuality, wetlands -- the

| egal definition enconpasses many areas that never see a
drop of surface water that, at all times, the water is bel ow
the ground surface. But it has to be within that 12-inch
zone during the -- part of the growing season for it to be

consi dered a wet | and.
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Doctor, we put up Adanus denonstrative Exhibit 3, which you
prepared for us or provided. And | would |like you to use
this, if it's helpful to you, to explain howit is wetlands
get their water.

Ckay. This is a -- this cross-sectional diagramis not, of
course, specific to the project area. It's kind of a
generic conceptual diagram But those areas that you see

| abel ed as "oases" are essentially wetlands. And, you know,
the rainfall or the snow, as it falls into the higher parts
of the landscape in the forests and so on, it infiltrates
down into the water as recharge. And it recharges -- it can
recharges in two ways. One is kind of in this shallow zone
here which is called | ocal groundwater novenent. And here
it just kind of pops up, you know, maybe a few hundred feet
maybe a mle or two downsl ope. But we al so have regi ona
patterns of, you know, infiltration and novenent of
groundwater as it travels downgradient here. |In this

pat hway, it can flow for considerabl e distances.

Very often wetlands occur at faults. So what you
see here, this kind of geological fault, when the
groundwater hits this fault or sone other very inperneable
| ayer which is at |less than 180 degree angle -- you know, if
there's sonmething that -- 90 degree angle or so, the
groundwater is forced up through pressure to conme to the

surface and you often get wetlands. And what I'mtrying to
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show here is the interaction with two types of wetlands, one
whi ch according to the Brinston classification would be a
groundwat er sl ope wetl and, which woul d be sonething |ike
this (indicating).

And there you're pointing to the oasis in the niddle of the
page?

Yes. And this is nore like just a gradual seepage of
shal |l ow water that's noved laterally. But in the case of
this wetland down here, this would be called a -- well,
either a sloped wetland or perhaps a depressional wetland
where we have regional novenent of water comng up
vertically -- a very vertical conponent to this flow And
we have both types, which I'll go intoin a mnute. W have
both types in the Yellow Dog Plain area

What are the key determ nants of how a wetland functions?
Well, the three things that | nentioned that define a
wet | and al so define how it functions. You know, its

hydrol ogy, its water quality and the plants and aninmals |ive
there. But ultimately it really boils down to the
hydr ol ogy.

And what are the key variables or paranmeters for the
hydr ol ogy?

The key variables are the duration of either flooding; that
is, surface water on the |land surface -- visible water on

the | and surface; or the duration of saturation in that
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upper 12 inches. So it's the duration, the frequency with
whi ch that occurs. Does the saturation only happen once a
year or is it intermttent, and what are the tinme sequences
bet ween t hose saturation events and the nagni tude of the
saturation? |Is it -- does it cover a large area or is it
focused? And one other key thing is the seasonality of the
saturation. |If the soils are saturated only during the
wintertime, that's going to have a different effect on the
functions of the wetland as opposed to if it's saturated
during the late sunmer or early summer or the grow ng
season.

MR, DYKEMA: Ckay. Next slide.
Doctor, we're now | ooki ng at denonstrative nunber 4, which
is a paper that you and others authored. What is the
rel evance of this to what you just were saying?
Well, this illustrates ny point about the idea that water
| evel or soil saturation level -- water table level. Just

on the order of a few centineters can shape the conposition

and richness of the plant community in wetlands. And | have

cited a whol e bunch of references there. This, by the way,

is that first literature review that EPA asked ne to do back

in 1990. Excuse ne. This was the ten-year update of that.
But ny point here is that water |evel fluctuation and the
| evel of the water table in wetlands is extrenely inportant

i n determ ning, nunber one, whether we have a wetl and area
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at all and, nunber two, what is the quality of that wetl and
and what are its functions.

And does the scientific literature support the notion that a
change of only a couple of centinmeters can radically alter
wet | and function?

It does. There are nunerous references in the literature
that denonstrate that.

Are there different kinds of wetlands?

Yeah, there are. And the environnmental assessnent document
has noted two or three of these. They kind of |unp them
into two categories, precipitation-driven wetlands and
groundwat er - di scharge -- or groundwater discharge-driven
wetl ands. Those are two broad categories. But there are
much finer distinctions that can and shoul d be nmade,
bel i eve.

And have you prepared a denonstrative that sunmarizes the
key features of the different kinds of wetlands?

Yes, | have.

Doctor, we're now | ooki ng at Adanus denonstrative nunber 5.
Is this a table you prepared?

Yes, | have.

Can you please quickly lead us through it?

Yes. These -- here the main water sources for wetlands in
the Yellow Dog Plain area. These first two are

precipitation-driven systens for the nost part. And these
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two are nore groundwater. But if you can inmagine a

gradi ent, these being the nost precipitation-driven, these
the nost groundwater-driven --

In the first case | ooking at the surface water and, in the
| atter case, the deep groundwater?

Yes. Right; yeah. Because many wetlands are a conbination
of nultiple sources. You know, they don't break neatly into
totally precipitation-driven or totally groundwater-driven
They have different conponents. But as a conceptualization
this is what we're dealing with. And for the | ayperson
nost bogs and poor swanps and depressions in the Upper
Peninsula fit into this category surface water; whereas,
those that are driven by groundwater are conmonly at | east
anong wetl and scientists called fens. And you're going to
hear this word a bit nore in ny testinony. But we're
dealing with, you know, in sone cases, fens that are al ong
the river, in sone cases, ones that are further apart. But
the distinction is that, in these surface water driven
wet | ands, these bogs and so on, nost of the water cones from
rain and | ocal runoff, and it percolates down -- vertical
direction is down. These tend to be very acidic types of
wet | ands, pH sonetinmes between 4 and 5. Tenperature tends
to be basically whatever the air tenperature is. They're
relatively dynanic in ternms of their tenperature and, in

sonme cases, water level -- water quality fluctuations.
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Bogs, of course, have a very thick organic |ayer. Not al
bogs do, but many bogs have, you know, a thick [ayer. And
their plant diversity tends to be relatively low. You know,
some of the species that occur in themmy be inportant, but
the nunbers of plants is low. And |ikew se aninmal diversity
tends to be low. They tend to be vulnerable to

contam nants, especially netals because they're poorly
buffered systens. And on the other hand, their threat of
being dried up fromgroundwater loss is really not a najor
concern, | don't believe. The inpact statenent that
correctly noted that many of these bogs in the project area,
the surface water wetlands, are high enough and separated
enough, they believe, fromthe groundwater table that a drop
in the groundwater table, if it occurs, is not going to

i npact these. However, they also note the presence of these
fens or what they call the groundwater-supported wetlands in
the project area.

And how does the fen or groundwater supported wetl and
conpare with the surface water wetland?

Well, it's nmuch nore vulnerable to the | oss of groundwater
you know, because it is supported by groundwater discharge.
Any change in the level of the ground -- the water table is
going to very definitely inpact these, not only inpact where
the water level is in that 12 inches that defines a wetland

but also affect the quality of these wetlands, their
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chem stry.

VWhat is the water chemistry of a fen conpared with a bog?
Al right. 1In these groundwater-driven fens, the water is
nmuch less acidic. It -- because it's comng up fromthe
ground and it carries nore calciumand a higher alkalinity.
And the tenperature tends to be nore stable on a year-around
basis. And actually shows -- by "nore stable,” | nean it
doesn't -- it doesn't -- the tenperature is not the sane as
the air tenperature. But during the winter, these

groundwat er-fed areas tend to be warmer than the surrounding
air. And during the summertine, they tend to be cooler.
What's the typical plant diversity in the groundwater-fed
wetl and or fen?

Ch, these groundwater-fed wetlands or fens tend as a whol e
to be rmuch nore diverse. They support a higher diversity of
plants. And the plants which they do support often tend to
be sonme of the rarer types.

Does the greater diversity of plant |ife have, in turn, a
greater diversity of dependent animal |ife?

That's often the case, yes. And if | mght add to that, the
areas that are groundwater-fed also tend to remain open
later in the fall; that is, they don't get iced over as
quickly. And in the spring in sone cases, they nay | ose
their ice cover sooner in the spring. And this has very

inmportant inplications for wildlife that, when everything



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

1027

else is frozen on the | andscape, they can hone in on these
areas, wildlife com ng from consi derabl e di stances.
Now, based on your review of the applicable wetl and
inventory materials and everything el se that you've | ooked
at in this case, how would you characterize the area
surrounding the mine site in terns of wetland richness?
Looking at the nmaps, this area has got exceptional density
of wetlands; that is, the acres of wetland per acres of the
| andscape. The contractor for Kennecott has napped out 26
wetlands just in the vicinity of the mine site. And it's a
substantial wetland conpl ex.

MR. DYKEMA: Can | have the next slide, please?
Dr. Adamus, what -- over what area did Kennecott's
contractors conduct their wetland survey?
Well, unfortunately, they only conducted their survey within
the bounds of the property. Now, we do have maps from
National Wetland Inventory and M chi gan DEQ which
supposedly portray wetlands. But npst wetland professionals
know t hose maps have a lot of |imtations, because they're
nostly not ground truth. So, you know, we -- | think we
really don't know for sure outside this area the full extent
of wetlands that may be there.
We're now | ooki ng at slide nunber 6. Wat is this? Wat
does slide nunber 6 show?

This shows the wetlands that have been nmapped by Kennecott
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and their contractor, and it has nunbers, so you can see
there's 26 of them Some of themthey have, you know,

| unped i nto one huge conplex like this, and others they have
di spersed throughout.

Coul d you deternmine fromreviewing the reports submitted by
Kennecott and its contractors whether their wetlands survey
was performed in a though and accurate nanner?

| was not able to full determine that. They -- their
contractor performed surveys of wetlands in the project area
twi ce, once in sumrer of 2004, | understand, and then they
were called back to reassess sonme of the wetlands in
Novenber of 2006. And of course, every wetland scientists
knows that Novenber is a bad tinme to be | ooking at
vegetation and other determ nants of wetlands. They did
provide in the project docunents the original field sheets
for the latter effort, for the Novenber effort. But | could
not find anything in ternms of the original field sheets for
the majority of their effort that was done in the sunmer of
2004, so | have a difficult assessing whether it was a good
j ob.

Because you -- to do that you need to | ook at the field
sheet s?

| woul d.

Di d Kennecott anal yze the water chemi stry and so on of the

wetl ands that they identified in order to determ ne which
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ones are fens?

O the 26 wetlands that they nmapped, they only did the

di agnostic studies on one of those 26 wetlands and, by

"di aghostic studies,” | nmean they instrunented it with

pi ezonmeters to neasure groundwater |evels, and they | ooked
at the water chenmistry at different |evels below the
sur f ace.

And those are the standard ways to determ ne whether a
wetland is in fact a fen.

Those are the nost commonly used ways. There is a new
techni que, which | consider closer to the cutting edge, us
of stable isotopes, but they did not use that.

You say they only anal yzed one of the 26 wetl ands they
identified?

That's right, yes.

Did they give any reason for why they only anal yzed one of
267

Well, they -- | don't know if they said this or if | just
assuned it, but it's the wetland that's closest to the
actual mne site.

From your review of the report and supporting material s that
Kennecott supplied to the Departnent of Environnenta
Quality, does it appear to you or can you form an opinion as
to whether it is likely that there are other

groundwat er - supported wetl ands anong the 26 that Kennecott
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identified on its own property?

| think there's a high likelihood of it. There are, you
know, many -- the topography of this site -- although I
don't have detail ed topographic maps those this site, the

t opogr aphy generally suggests that there nay be groundwater
di scharge wetl ands and fens el sewhere on the site. And

was able to review the plant lists collected by their

consul tants and other people and, fromthe plant lists for
these other wetlands in the vicinity, | was able to note
that a nunber of the plants were what many botanists
consider to be fen-indicator plants; that is, plants that
nmay occasionally occur in bogs and other wetland types but
can nore occur in fens. So | cannot say definitively, but |
have a strong suspicion that other wetlands there are
groundwat er fed.

Did the botanical survey supplied by Kennecott have a photo
of a fen?

Yes, it did. So -- and this was not the wetland that they
instrunented and studied. But there was another wetland. |
can't remenber the nunmber which they said in the --
underneath the photo. They said specifically, "This is a
groundwat er di scharge area."

Do you see wetland nunber 2- -- well, are there -- let ne
start over again. Are there geological features here that

suggest to you the identity of another fen anong the
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wet | ands on Kennecott's own property?
Yes, there are. As | recall |ooking at the geol ogi c maps,
there are a couple of parallel faults which border this
wetl and here (indicating). And of course it's chal ked of f,
because they didn't want to study this area here, but |I'm
sure this is a wetland too.
You' re | ooki ng at nunber 267
26, yes. And the fact that this is bordered on both sides
by geologic faults -- |'ve seen wetlands in other situations
in glaciated terrain where those are groundwater discharge
si tuati ons.
Is this part of the country known to be rich in wetlands?
Nort hern M chi gan does have, yes, a fairly |arge nunber of
wet | ands.

MR. DYKEMA: Let ne go back to slide nunmber 1.
That's the second in the deck.
Dr. Adamus, |1'd like to return your first opinion, "The
wetl ands at the nmine site and those outside it (but likely
affected by the mning operations), are exceptionally
sensitive and inportant.”
Uh- huh (affirmative).
I s that your opinion?
Yes, it is.
I'"d like to talk to you about inportant of the wetlands in

t he area.
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Uh- huh (affirmative).
Why are they inportant, in your expert opinion?
They're inportant for several reasons. One is they're in
the -- nany of these wetlands are in the headwaters of the
Sal mon Trout River. And headwater wetl ands generally tend
to be very inportant.

MR. DYKEMA: Can | have slide 9?
This is an exhibit that's already been admitted. It's the
Part 632 Exhibit Nunber 11, slide 26. |It's been identified
as a depiction of the Salnon Trout River Watershed. Does
this illustrate your point, Dr. Adanus, about the inportance
of the headwater wetland?
Yes, it does. It shows very dramatically the situation, you
know, this (indicating) being the mning site and this being
the Sal non Trout River that goes into Lake Superior.

MR, PREDKO. Counsel, is that red circle that's on
the left-hand bottom side part of that exhibit as adnitted?

MR DYKEMA: | will have to check that, Chris. |
bel i eve so, because | had this taken out of the exhibits
that had been used. But | will confirmthat.

MR. PREDKO  Ckay. Thank you.

MR. DYKEMA: Slide 10, next one. And | wll
confirmthe red circle in this one as well, this one being
the Part 632 Exhibit 11, slide nunber 26.

Now, is the mne site actually at the headwaters of the
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No, it's not actually at the headwaters, but it's very near
it. And we also know that groundwater doesn't necessarily
foll ow t he boundari es of watersheds; that groundwater
dynamics can spill over fromone watershed to another.

MR. DYKEMA: The next slide, please.
Dr. Adamus, you prepared for us here in slide nunber 11 a
quotation froma publication of the North Carolina D vision
of Water Quality dated 2006. What does this say?
This quotation is -- illustrates the inportant of headwater
wet | ands, which is something which is widely known to
wetl and scientists; that it's inportant, when considering
wet | ands functions and val ues, that one consider the

| andscape perspective. And when a person does so, headwater

position is very inportant, because these headwater wetl ands

are like regulators on the | andscape. They influence

everything that happens further down. And, you know, this

is highlighted there in the | ast sentence that, "Mintaining

the ecological integrity of these headwater wetl and systens
it's necessary to protect the quality of the entire
downstream wat er shed. "

Do you agree with that; --

| do.

-- that, maintaining the ecological integrity of headwater

wetl and systens is necessary to protect the quality of the

1033
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entire downstream wat er shed?

| do believe that headwater wetlands have a di sproportionate
effect on the quality of downstream areas.

And we' re discussing your first opinion, which has to do
with the inportance and sensitivity of the wetlands in and
around this mne site.

Yeah.

And | asked you why they're inmportant, and your first answer
was that it's because they' re headwater wetl ands.

Yeah.

They're directly in the headwaters of the Sal non Trout and
close to the origin of the Yellow Dog. Now, what el se nakes
them i nportant ?

There's two other factors. One is that the ones that are --
that have a strong vertical conmponent of groundwater

di scharging at the surface and al so have certain types of
veget ation, those wetlands woul d be called fens by wetl and
scientists. And fens, as a type of wetland, are w dely
recogni zed as being quite inportant.

And why are they inportant?

Wll, they're inportant for sonme of the reasons that were
given in that table that we showed earlier; that they
support a large diversity of plants and animals. Their
environnent is nore stable in terns of groundwater, and

they -- they're -- they influence a wider area than, say, a
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bog.
As di stingui shed fromother wetland types, are fens nore or
| ess conmmon?
Vell, for the United States as a whole, fens are a rare
type, northern M chigan not so much so. But even though
they' re not rare necessarily in northern M chigan, they
do -- they are outstanding in the functions that they
provi de.

MR. DYKEMA: Can | have slide 127
We're not | ooking at your denonstrative nunber 12, Dr.
Adanus, a paper published by Bedford and Godwin. What is it
these authors say here?
Well, Dr. Bedford from Cornell University is an authority on
fens, and she is pointing out the inportance of fens. This
is in a professional journal she published this paper. And
she's pointing out the inportance of fens and the way that
they contribute to the integrity of the nation's waters, and
she especially nmentions fens in headwater positions as being
i nportant, because they influence the flows and tenperatures
of the water further downstream and in | akes, you know, I|ike
Lake Superior. So --
Well, dwelling on that for a nonent, she refers to the water
entering out nation's streans and | akes.
Uh-huh (affirnmative).

But where do the Yell ow Dog and Sal non Trout Rivers outfl ow?

1035



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

1036

Vel l, they outflow into Lake Superior, and not every

wetland -- | should qualify, not every wetland has a surface
wat er connection, but nany of them do.

She al so states that -- referring to fens -- United States
fens that, "Their plant species diversity is unequal ed anong
wet | and ecosystens and high relative to all other U S.
ecosystens.” Do you agree with that?

| would say that, yeah, depending on how one cl assifies
wetlands. They're certainly very near the cream of the
crop.

She al so notes at the end, "Fens expand the range of nany
regionally rare and endangered species." Based on your
lifetinme of studying wetlands, do you agree with that?

Yes, | do. Potentially they can support many species. And
we know fromthe project area that there are likely to be at
| east a dozen or so state-listed or federally-listed species
that depend on these wetlands or are very much associ at ed
with these wetlands. And yet the surveys | read of the site
were woefully i nadequate to determ ne the presence of nmany
of these species.

Dwnelling for just another minute or two on the issue of the
i mportance of the wetlands that are potentially inpacted by
the Eagle nmean, is there a standardi zed neasure of pl ant
diversity and quality at wetlands?

Yeah. One of the noney commobn neasures that's used and
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which is likely to be used by EPA in their nationa
assessnment in 2011 is the FQ or floristic quality index.
And the contractors for Kennecott did conpute the FQ's for
a nunber of areas in the project area and --

What does the FQ -- what is the floristic quality index
designed to reflect?

Well, it reflects two things. One, it is the nunber of

pl ant species. Do you have a high diversity? And the other
bei ng, are the species that you have in your area
exceptionally inmportant or unconmon? So that on a scal e of,
let's say, 1 to 10, a 10 would be a species that occurs
nowhere el se in Mchigan except this one wetland perhaps,
and a species that's a 1 would be a species that occurs in
every other wetland in M chigan, you know, so to speak

Does the scoring of the floristic quality index also reflect
the pristineness of the wetland environnent at issue?

That is the interpretation that has been put on the FQ by
state agencies here in M chigan.

Does the calculation of the floristic quality index also
reflect in any way the extent to which the wetland
under st udy has been conprom sed by the invasion of exotic
speci es of plants?

Ch, yeah, very definitely. Wen a wetland is invaded by
weeds, nonnative plants, the FQ score drops. It gets very

| ow.
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MR. DYKEMA: Can we have slide nunber 77
You' ve prepared a denonstrative here. \Where are these
quotes fromin slide nunmber 7?

These are froma docunent that is the standard docunent here

in Mchigan for the floristic quality index, and it's -- the
author, | believe, was under contract or was enpl oyed by the
M chi gan Natural Features Inventory, | believe.

And what do the quotes tell us about how to interpret FQ
scores?
Well, it says FQ that's in the 50's 9:47:51were higher.
You know, those kinds of areas are extrenely rare in
M chigan. And areas with an FQ higher than 35 have species
that have a | ot of conservatism neaning they don't occur
many ot her places, and richness that really makes them
i nportant from a statew de perspective

MR. DYKEMA: Can we have the next slide?
We're now | ooki ng at your slide nunmber 8, Dr. Adanus. Can
you please explain to the Court what we're | ooking at?
W' re | ooking at the inpact assessnent, this table 3.2 that
is reported in the attachment C-3, Appendix F of the inpact
statement. And these are the FQ's that were cal cul ated for
the project area by the consultant. And we see that habitat
area F, which includes a wetland here (indicating), has an
exceptional FQ, you know Extrenely, rare, renmenber, is

any score 50 or above, and we've got that.
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Now, in courtesy to my |learned colleague, let's be clear
that the arrows on this slide were not on the original of
the environnental inpact assessnent?

Correct.

You put those there yoursel f?

Correct; yes.

Pl ease conti nue.

And in this E-1, which is a bog area, it's certainly over
35. It's up here at 42. And this area here, area B, this
wetl and, which is a conplex of bog and possibly fen near the
stream is up 42 or 43. So these are -- you know, there's
sonme really inportant wetlands here.

Now, what's the difference between the two col ums of
scores, and what's the significance of that difference?
Wll, the FQ is comonly cal cul ated both with and wi thout

i ncluding the native species conponent. Wat this is
telling us is that --

Excuse nme. Did you nmean to say "with and w thout the
exotics"?

Yeah; yeah. I'msorry. And -- yeah. VWhat it's telling us
is that, you know, because the score doesn't change much
there's very few weedy or exotic species in these wetl ands.
These wetl ands are in really good shape. And even the areas
that are right where the mining operation is going to be,

this -- which is these areas here (indicating) --
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C1 and C 27
Yeah, if ny nenory serves ne. Even those areas are not
degraded by lots of weeds and things. They've been | ogged
in the past and everything else, but they're not a trashed
ecosystem They're --
So those two areas the scores for native plants and al
pl ants are identical; am| right?
Yeah; yeah, that's right; yeah
Ckay. And does that tell us that there are no exotics -- no
exotics were found there at all?
Apparently. That would be nmy interpretation, yeah
In any of these areas is there a significant difference
between the native plant FQ and the all-plant FQ ?
None that | would consider to be significant.
What, if anything, do these nunbers tell you about the
pristineness of the area generally or the --
It tells ne that, yeah, there -- you know, it tells ne that
the wetland areas here (indicating) are quite inportant, the
upl and forest |less so. But even the upland forest is -- you
know, it doesn't have a | ot of nonnative species, so it's
pretty good.

MR. DYKEMA:  Your Honor, |'ma natural breaking
point, if this is a good tinme to take a few m nutes.

JUDGE PATTERSON: Yes, let's do that.

(O f the record)
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Dr. Adamus, |I'd now like to turn to your second mgj or

opinion, and that is that, "A |large nunber of wetlands and

their functions will be |ost or degraded by the nine and
associ ated infrastructure." Wat are the ways in which the
nmne and its operation will cause the |loss of or damage to

area wetl ands?

Well, the nost obvious way is by lowering the water table in
the wetl ands, which, if it doesn't kill the wetl ands
entirely, will certainly alter them and degrade themin a

nunber of ways. Secondly, the chance of water quality
degradation to the wetlands is a consideration

And what are the ways in which water quality could be

degr aded?

Well, one is based on the -- well, one would be the dust
fromthe mning operations, which contains netals. If you
review the report, | believe it was CRA report and their

maps showi ng dust deposition. That's a potential problem
Anot her is acid nmine drainage. Several years ago | studied
acid mne drainage in another systemin California. |
studi ed the inpacts on vegetation in birds and anphi bi ans,
and | know that things don't always work out the way you
design them and that acid mne drai nage can be an issue.
And a third thing is that just the surface water that
currently may be flowing to some of these wetlands, that

surface water runoff is going to be diverted into treatnent
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facilities. And | understand the need for this; that, you
know, you don't want to have contam nated surface water
rolling downhill into these wetlands. But if you're
depriving these wetlands of that surface water, that is
going to further exacerbate the drop in the groundwater, the
wat er tabl e beneath the wetl ands.
Have you prepared a denponstrative exhibit that summarizes
your view of likely and potential harns to the wetlands in
t he area?
Yes, it --

MR. DYKEMA: Can we have slide 13?
Pl ease descri be what you have prepared in your slide nunber
13.
Yes. Here again | have the major types of wetlands that are
in the project area across the top row here. And here on
this access vertically are the inpacts that | just spoke
about: the groundwater drawdown, surface water diversion,
ai rborne contanination and acid m ne drai nage.
Let's focus first on the first row, groundwater drawdown.
Pl ease summari ze for the Court your opinions as to the
i kel i hood of destruction or inpairnment of the different
wetl and types resulting from groundwat er drawdown.
Well, the -- from groundwat er drawdown the greatest inpact
is going to be on these fens, these groundwater-supported

wetl ands. And the |east inpact would be on the bogs that
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are fed nostly by direct precipitation or surface runoff.

And to that extent, the -- | think the environnenta

assessnment gets it right, but they don't adequately assess

how nmajor this inpact is, and I'll get to that later

What is the likely inpact of groundwater drawdown on the

river overfl ow wetlands?

It's an internediate inpact, | would say, because these

river overflow wetlands; that is, ones that are right on the

margi n of the Salnon Trout River; appear to be fed both by a

conbi nati on of groundwater and surface water runoff.

Di d Kennecott's environnmental inmpact assessnent on

supporting materials predict that the operation of the mnine

would result in a lowering of the water table in the area of

the |l ocal wetl ands?

Yeah. They predicted near the actual operations area that

the wetl and closest to that would suffer perhaps a 6-inch or

hal f-foot drop in the water table. WII, | should say they

predicted the water table would drop by that nuch.

What happens to wetland water levels if the underlying water

tabl e drops?

Alnmost in all cases -- not all cases but npbst cases the

wet |l and water table drops when the groundwater table drops.
MR. DYKEMA: G ve ne slide 14.

W' re now | ooki ng at Adanus slide nunber 14. Doctor, what

are we | ooking at?

1043



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

1044

Well, in the environnmental inpact assessnent, Kennecott has
noted the nunbers of the three wetland types, the way they
| abel them in the project area. And they said that there
could -- they're not saying there will be, cut they said I'd
of worst case, if there was a half-foot drawdown, this is
the acres of wetlands that would be within that drawdown
area. They go on to say that these precipitation ones would
not be affected. The groundwater-supported ones -- well,
"Il get to that in a ninute -- and the streant supported
ones likely mght have sonme inpacts.
What is the likely inpact of a half-foot drawdown on
groundwat er - supported wetl ands?
It can be a very major inpact. And if | might at this point
sketch here -- is this appropriate?
Sure, please. Do you have a Magic Marker there you can
wite with?
Yes; yes. (Kkay.

(Wtness draws di agran
If we can inmagine a wetland here in the project area --
You'll need to try to stand off to the side so Judge
Patterson can admire your artwork.
Ckay. Not an artist. But here's plants growing in the
wet | and, and they have roots that extend down into the
subsurface area. Now, here's, let's say, the 12-inch |line

bel ow the surface. And many of these wetlands in the
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proj ect area appear to |ack surface water for any | ong
period of tine. Their water seens to be nostly bel ow t he
surface. They're saturated in this area. So this is your
12-inch wetland zone approxi nately.

And that 12-inch root zone is what's critical for the very
definition of a wetland?

Exactly; yes. And then, you know, at sone depth here's the
groundwat er | evel right now Now, naturally -- actually, 12
i nches mght be, you know, nore |like here. Now, naturally
ri ght now the contractors for Kennecott have neasured a
6-inch fluctuation -- natural fluctuation they call it -- in
this zone here. So let's say we have a 6-inch drawdown here
just because of, you know, it being sunmer or, you know, the
time of year. They're predicting that this water table

wor st case is going to drop down another, you know, half a
foot, 6 inches. And | believe that, when this does do so,
because this area in here is saturated, that there will be a
drop -- you know, if there's a 6-inch drop here, there could
be a 6-inch drop or sonmething close to it here, which puts
us right at the margin of whether this is going to be a

wetl and anynore. And this assunes that their projections of
a half a foot are accurate. And, you know, | think we nmay
hear some other testinony later. And also the -- sone of
the reports | read by independent consultants chall enged

that indeed the drawdown may be quite a bit greater. So
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there's no margin of safety here. This is -- you' re pushing
the margin of whether this is going to exist as a wetland
anynore.

So what's the degree of risk posed by the conbination of the
6-i nch drawdown that Kennecott acknow edges as possible and
the 6-inch normal water table variability that Kennecott
recogni zes?

Well, what's going to happen is that this zone of
variability here (indicating) is going to shift down so
that, you know, if -- their 6-inch -- the 6-inch drop that
they predict in the water table is kind of an annual nean.
But during the year this water table is going to fluctuate
up and down -- you know, if it operates the sanme way it does
now, will be fluctuating up and down in and out of this area
that's defined as wetl and.

Thank you, Doctor. Dr. Adamus, in general, do snall drops
in the water level of a wetland -- a groundwat er-supported
wet | and, --

Uh- huh (affirmative).

-- have significant inpacts on wetland function?

Yes, they do.

What ki nds of inpacts do you see fromeven snmall drops in
wat er | evel ?

Even if a particular wetland is not lost entirely, if

there's still enough noisture to sustain it, we see a
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dramati c change in the species conposition of plants and
animal s that use that wetl and.

Is there a change in the chem cal functioning of a fen from
even snall drops in water |evel?

Yes. As you drop the water level and you have | ess and | ess
groundwat er di scharging on the surface, you may have in some
cases nore and nore surface runoff comng to the wetl and,
and that tends to acidify it.

What happens to the organic matter in a fen if the water

| evel is dropped even by a snall anount?

Well, if the water level drops, the organic matter which has
built up in that wetland, in sonme cases over nmany centuri es,
if that organic matter is exposed to the air for |ong
periods of time, it will begin to decay rapidly. And if the
wet |l and has a surface water connection to other receiving
waters, then those receiving waters will have -- experience
this outflux of organic matter fromthe dried-out wetland.
Do you know if the organic matter in the wetlands in this
area store toxins?

| don't know directly, but | do know that organic sedinents
generally do hold especially acidic ones. So they tend to
serve as reservoirs for a lot of toxins.

And if organic matter in a wetland dries out as a result of
even a small drawdown in the water level, what will happy to

t hose toxins?
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Those toxins, if there's a surface water connection, could
be flushed into downstream areas |ike the Sal non Trout.
Does Kennecott's environnmental inpact assessment consider
that possibility?
| did not notice anything to that effect.
From even a small loss of water level in a fen, what happens
to the oxygen in the water?
Wll, in the sedinents, you know, if you have a | ot of
deconposition occurring fromthis organic natter which is
built up, you have what's call ed redox reactions, r-e-d-o-X,
becone intense, and you can have a nobilization of sone
cont am nant s.

MR. DYKEMA: Can | have slide 157
Dr. Adamus, we're now | ooking at your slide 15, which
features two quotes, one fromthe Natural Features |Inventory
of M chigan and the other paper by Doctors MGee and
Kentula. Wat do these tell us?
Well, they tell us that, you know, just a half-foot bounce
in the water level really is a big deal for a wetland. It
m ght not seem|like much to many of us, and certainly
wetl ands do fluctuate a lot naturally. But when you
artificially induce a change in that water |evel of just
that tiny anount, it has major effects on plants and ot her
organisns. |In the first case, they highlight the

sensitivity of fens in -- as far as, you know, their -- the
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effects they can have on water chemstry and so on. And in
the second case, they say that, if you change even to a

ni nor degree the average water |evel throughout the year,
like, only 10 centineters, or that change the variability
plus or mnus 2 centineters in terns of the mean annual
difference in the water level, you know, 2 centineters is a

whole lot less than the 6 that they're projecting. But this

can pronote a shift in assenbl ages which is -- that are, you
know, native and cause weeds to cone into your wetland -- to
exotic species conme into your wetland if it's -- if it

occurs over a long period of tine.
Does Kennecott acknow edge or try to analyze or predict the
extent of damage that could result froma 6-inch water table
dr andown?
Wll, they really hedge things. They say that -- they don't
say that, if it occurs -- they -- but they said that -- they
don't say it will occur, but they say that, if it occurs,
there could be a change in the conposition of the plant
comunity in the wetl and.
Are you famliar with the concept of capillary action?
Yes, | am

MR. DYKEMA: Can | have slide 167
Wth respect to the effect of water table drawdown on
groundwat er - fed wetl ands, what does Kennecott say about

capillary action in their environnental inpact assessnent?
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Well, they said we really don't have to worry about these
wet | ands because, if the groundwater drops by half a foot,
that doesn't automatically translate to the wetland water

| evel dropping half a foot. But in many, many cases, the
nmajority of cases that |'maware, there is a very cl ose
correspondence to the two. Capillary action is kind of like
the wick that you find in a burning, you know, kerosene-fed
lantern. |It's where the noisture can actually nove
vertically up fromthe groundwater -- nove vertically upward
into, let's say, a wetland or stream hi gher up. But for
that to occur, you have to have -- the intervening sedi nment
or soil has to be fairly fine material .

And is it your understanding that the environnent of the
wetlands in this area -- that it's safe to assune that those
conditions are present?

| -- it's difficult, because they don't provide detailed
data on the sedi nent underneath these wetlands. But know ng
what | know about the region, it's a sandy region, and |
would say it's extrenely unlikely that the capillary action
Is going to occur. So, you know, their argunent that,

"Well, even if the water table drops, it's not a big deal

n

because we have capillary action," that's not likely. And
they also nmention a 4-foot rise attributable -- you know,
capillary action being able to act over a 4-foot verti cal

hei ght. And, boy, |'ve never seen situations where it's
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been that extreme. That's unusual

MR. DYKEMA: If you'd go back to slide 13.
Now, goi ng back, Dr. Adamus, to your slide 13 where you
sumari ze the |ikely and potential destruction and
i mpai rment of wetlands, we're still |ooking at the inpact of
groundwat er drawdown on the groundwat er supported wetl ands
or the fens?
Yes.
And we' ve been tal king about the inpact of even a snal
drawdown, between a couple centinmeters or the six inches
that Kennecott predicts in one of their scenarios, nowl'd
like to talk about the effect of a mmjor drawdown of the
water table. Have you reviewed a groundwater study
performed for the petitioner by a firmcalled Geomatrix?
| have.

MR. DYKEMA: For the record, that study is Exhibit
3 to the cooments filed by the National WIdlife Federation
in Cctober of 2007. Can we have Table -- can we go to that
exhibit, please, the Geomatrix study? Excuse ne. Appendi X
6 to Exhibit 3 to the National WIdlife Federation comments
of Cctober 2007.
Is this the Geomatri x study that you revi ened?
It is.

MR. DYKEMA: Ckay. Can you take us, Jan, to Table

4? That's good.
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Dr. Adamus, we're now | ooking at Table 4 to the Geomatri x
report. Can you please sunmarize what this table shows?
Well, here they're contrasting the nodeling results fromthe
Geomatrix study with the nodeling results fromthe Fletcher

Driscoll study, which was used in the environnental

assessnment by Kennecott. And in the -- under two different
scenari os -- one being 75-gallon per mnute inflowto the
nm ne, the other 250 -- the inpact statement predicts, you

know, a drawdown anywhere from .12 feet to .95 dependi ng on
the scenario --
That' s t he maxi num drawdown pr oj ect ed?
That's the maxi mum drawdown right near the mne. Geomatrix
right near the mine predicts the drawdown of anywhere
between three feet and twelve feet. And you know, even if
the truth is sonewhere hal fway between, we're | ooking at a
very clear |loss of groundwater-fed wetlands in that area.
What is -- let's focus on the Geomatrix projection of the
three-foot drawdown under the scenari o Kennecott projects;
nanely, 75 gallons per mnute water flowing into the m ne.
VWhat in your expert opinionis the likely effect on area
fens of a three-foot drawdown of the water table?
vell, --

MR. PREDKO |I'mgoing to object to -- sorry,
Doctor. | must object to foundation as to the anmount of

gallons flowing into the mne. There's been no testinony as
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to that.

MR. DYKEMA: This will be connected up later, your
Honor. The CGeonatrix study will be offered by a groundwater
expert who will explain the assunptions of the basis for

this analysis. Dr. Adamus is sinply assum ng the
correctness of the various outputs and offering his expert
opinion on the effect of those projections on the wetlands
in the area.

JUDGE PATTERSON: |'II overrule.
So right in the vicinity of the mine it would nean a total
| oss of those wetlands. Now, extending out away fromthe
ni ne Kennecott projects that the area that woul d be affected
woul d not extend very far. By "affected” | mean nore than
half a foot. On the other hand, Geomatrix; their study is
predicting that areas as far as a mle radius of the mne
site could be affected by at |east a hal f-foot drawdown in
the water |evels.
Ckay. Now, focusing again on the first row, the 75-gallon
per minute inflow assunption, Geomatrix projects an area
about 4800 feet by 5400 feet in which the water table wl|
go down by nore than half a foot?
Yes.
Ckay. And we've tal ked about the inpacts of -- on those
wet | ands of a drawdown of half a foot?

Yes.
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But I"'msorry | mssed your answer about the three-foot
drawdown. What will be the effect on groundwater-supported
wetl ands by a three-foot drop in the water table?

W would -- it would anhiliate those wetlands cl osest to the
project site.

What woul d be the result of that on the organic materials in
those wet!| ands?

Well, they -- you know, where those wetl ands are connected
to the Sal non Trout that organic natter woul d nove out of
those wetl ands and that woul d include, you know, things

i ke, you know, potentially nmercury and several netals,
toxic netals.

What woul d be the inpact on wetl and-dependent plants and
ani mal s?

Well, you lose the wetland and they totally di sappear, you
know, fromthat particular wetland.

If the wetland subsequently is rehydrated, does a fen type
wet | and cone back?

It's very uncertain; the whole science of wetland
restoration is very uncertain. There have been many
failures where people have tried to take areas that once
were wetland and restore them And where those wetl ands
were driven by surface precipitation the success rate is
better, but where those wetlands were historically fed by

groundwater it becomes very difficult to restore themto
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your -- their natural state because, you know, dependi ng on
how | ong the water table has been down you' ve | ost that
organic matter through deconposition. So it's not the sane
wet | and that cones back

How | ong has the organic matter in the wetlands in this part
of the Upper Peninsula of Mchigan been accunul ati ng?

Oh, for centuries.

Now, does Kennecott acknow edge that if there's a half-foot
drawdown of the water table with the result that
groundwat er -fed wetl ands are deprived of a substanti al
anount of their groundwater, does Kennecott acknow edge that
the inpacts you' ve described will result?

No, they -- you know, again, they kind of hedge thensel ves
and they don't say whether, you know, really they will or
they won't. \What they say is that there's a possibility --
not a definite thing, but a possibility that at |east two
factors coul d conpensate: one being the capillary action
that | tal ked about earlier and | hopefully have disproved;
the second is they say that, well, if we |ose groundwater as
the source of the water in these wetlands, it's not a
probl em because surface water that presently flows -- you
know, runoff that currently goes into these wetlands and
just kind of flows out of them because the space is already
occupi ed by groundwater -- they say that the surface water

runoff will conpensate so there really won't be a drop in
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the wetland water level; that the surface water runoff is
just going to make up for whatever groundwater water you

| ose.

Let's assune for a nonent that Kennecott is right to this
extent; that groundwater taken away fromthese fens as a
result of mne operations will be replaced by surface water.
Let's assune that's true. WII that elimnate any

i mpai rment of wetland function?

Ch, definitely. As | illustrated nmuch earlier, the plant
diversity in fens is nmuch richer than bogs and ot her sources
of runoff-fed wetlands that would replace them So you
woul d have a net |oss of biodiversity and the aninmals

that -- the wetl and-dependent animals that are associ ated
with it. And you would al so have a chem cal change.
Chemically it would not be the sanme wetland as what you had
when it was a groundwat er-di scharge wetl and.

My question to you was whet her the repl acenent of
groundwat er with surface water would elininate any

i npai rment of wetland function. | gather your answer is it
woul dn' t, because the inpairnents woul d happen?

Ri ght. Yeah, inpairments woul d happen

Ckay. What woul d happen to the acidity of the wetland's
water if it's -- if groundwater is replaced by surface
wat er ?

They becone nore acid.
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And the plant conmunity; what woul d happen to that?
It would shift from as | say, being a very rich comunity
with nmany species that don't occur in other wetland types
with high FQ to a wetland that's got low FQ and were
nundane speci es.

MR. DYKEMA: Can | have slide 17, please?

(Pause in dial ogue)
Does Kennecott acknow edge that if groundwater is replaced
by surface water at a fen the wetland will be transforned
fromone thing to sonething el se?
Yeah, they do kind of indirectly nention that. You know,
they -- first they talk about those conpensating factors
that | just nmentioned: the capillary and the surface
runoff. But then they go on to say that in the event that
these natural mtigating factors don't happen -- you know,
that they're not as effective at nininizing inpacts -- then
they say there would be a shift in the wetland pl ant
comunities fromspecies that are nore saturation tol erant
to species that are less tolerant of saturated conditions.
And that's euphem stically saying that these aren't going to
be wetl ands anynore; that you're going to have instead of a
predom nance of wetland species you'll have a predom nance
of upland species; you will have |ost one of the three
i ndicators that federal agencies use to define wetl ands.

And then at the very end of this section they, you
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know, kind of acknowl edge it; they say, "The former wetl ands
woul d remain vegetated.” Well, big deal; they remain
vegetated. That's not hard to do, that -- they're

hi ghlighting that indeed there is a probability or a
possibility that we're dealing with former wetlands, not
wet |l ands that are going to continue.

And this | anguage that you' ve excerpted on your slide 17 is
from page 37 of the Environnmental |npact Assessnent?

Yes.

You nentioned earlier that one of the inpacts to wetlands in
the inmedi ate area of the facility would be Kennecott's
control of surface water runoff on its own acreage?

Yes.

Do you recall that?

Yes.

What effect, if any, could that have on Kennecott's
prediction that if the water table is drawn down
groundwat er - deprived wetlands will be resupplied by surface
wat er ?

I think it really casts severe doubt on that prediction
because, you know, on the one hand they're saying that
surface water is going to conpensate for the |oss of
groundwat er, but then in other parts of the inpact statenent
they say they're going to take that surface water runoff and

they're going to funnel it far away fromwhere the wetl ands
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are on the site; they're going to funnel it to a place where
it can be treated. And it's not clear fromthe maps and so
on that they provided that any of that surface water runoff
that currently feeds the wetlands is going to cone back into
those wetl ands, so the wetlands, you know, could dry up.

You mentioned a nonent ago that this area is generally
fairly sandy, the Yellow Dog Pl ains are sandy?

Yes.

What rel evance does that have, if any, to Kennecott's
prediction that wetlands that are deprived of groundwater
will have -- will be conpensated by surface water?

It makes it very unlikely, because of the sandy terrain
there. Al though there's a lot of precipitation certainly in
excess of the evaporation, that precipitation -- a |ot of
that precipitation doesn't travel very far over land. It

qui ckly sinks into the ground as recharge.

I f groundwat er sources at fens are replaced by surface

wat er, what effect will that have on the tenperature regine
of the fen?

It would certainly create a hotter environnment if the area
persists as a wetland it -- you know, as | say, it won't be
the same wetland in ternms of chemistry, biology or water
tenperature and that will translate sonme inpacts for
wildlife and other organisns and functions.

But if Kennecott is right and in effect fens are transfornmed
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i nto bogs because groundwater is replaced with surface

wat er, what effect, if any, would that have on the

vul nerability of the wetland to drought?

It would nake these wetlands nore susceptible, because
currently -- groundwater is a nmuch nore reliable source to
wet | ands; there's less fluctuation. But when wetl ands
becone dependent on the rainfall and the surface water
running off the land, then, you know, you have a few years
of drought and the chances of themfailing to continue as
wetlands. So | think it's quite severe.

Dr. Adamus, if Kennecott had approached you back in 2004 or
what ever and it said, "Dr. Adanus, we need you to analyze a
question. W project that the water table is going to be
drawn down in the area of sonme groundwater-fed wetlands. W
want to know whether it's reasonable for us to assure the
Departnent of Environnental Quality that those wetlands wll
not have a net water |oss because the groundwater will be
repl aced by surface water." Dr. Adanus, how woul d you have
gone about answering that question?

| would have cal cul ated a water budget for all the wetl ands
that are likely to be affected. Now, in the inpact
assessnment they do nmention a water budget; you know, they
lay out the fornmula for it, you know, the inputs and outputs
of water to a wetland to determ ne how nmuch water is in the

wet |l and, but they don't actually show that they' ve run the
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cal cul ati ons using that water budget; certainly not for any
nunber of the 26 wetlands at the site.

In trying to project whether groundwater will be replaced by
surface water at a fen, is the creation and -- of the water
budget standard practice?

In projects of this size | have found it to be standard
practice, yes.

If you didn't do a water budget or if Kennecott when it gave
you this assignnent said for whatever reason, "W don't

n

believe in water budgets," what el se could you have done to
try to answer their question?

Well, there's a variety of tracer techni ques; as

nmenti oned, one that's at the cutting edge right nowis the
use of stabilize isotopes to deternmine the relative
proportions of groundwater and surface water. And | would
have actually measured the inputs of precipitation and
evapotranspiration too.

Di d Kennecott do that for any of the 26 wetl ands that they
identified on their own acreage?

No, they didn't.

Did they do that for any wetlands off of their own acreage?
No, they did not.

Again, returning to ny hypothetical, that Kennecott cane to

you in 2004 and said, "Dr. Adanus, we want to know whet her

it's reasonable for us to assure the DEQ that this
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have tried to tackle that issue just by |ooking at
t opogr aphi cal naps?
Certainly not the ones at the scale that they had -- that
have been provided to us, which are very poor scale
t opographic maps. |If | had what |I'm nore accustoned to --
that is, topographic maps with contours of |ess than a
foot -- those kind of maps for the entire site would give ne
a lot nmore information and a | ot nore confidence in what |I'm
abl e to say.

MR. DYKEMA: Could | have slide 18, please?
We're |l ooking at an excerpt that you prepared in slide 18,
Dr. Adamus, which is taken from page 38 of the Environnenta
| mpact Assessnent and |1'd |ike you to share with the Court
what Kennecott said here and 1'd |ike you to comment on it.
Well, they're saying even if worst case happens and these
areas do cease to becone wetlands, naybe it's not a big dea
because with reclamation there would be a correspondi ng
reversal in the plant communities, you know, favoring
hydr ophyti c species, inplying that these areas could return
to being wetlands. But as | noted earlier, | believe this
is unlikely; one, because you' ve volatilized the organic
matter; and two, you've established different pathways of
water coming into the wetland. And probably a third reason

is, you know, depending on what the quality of the water is
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quality of the --
If a fen is restored because the water table bounces back
and the water |evel returns after having spent several years
desi ccated, how will the biological diversity and hydraulic
functions of the wetland conpare before and after m ning?
Well, without that organic |layer nmy sense is that the
diversity of plants would be nuch |l ess and that the organic
layer is -- that it really affects a lot of things in a
wet | and.

MR. DYKEMA: Could we go back to slide 13?
Dr. Adamus, we're back at slide 13, which is your overview
of the likely and potential destruction or inpairnment of
wetl and types. Please share with the Court your expert
opinions as to the likely effects of surface water
di versi on.
Surface water diversion will affect nost dramatically the
wet | ands, the bogs and so on that are dependent on it right
now. You know, if surface water is diverted for treatnent
and doesn't cone back to those wetlands -- well, they don't
ri ght now have a groundwater discharge source, so we would
essentially dry up those. But surface water diversion would
have | ess effect on groundwater-fed wetlands, the fens,
assuming mnimal |1oss of the water table.

You al so have a row here in your slide 13 on airborne
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contam nati on?

Yes.

And is your concern about airborne contam nation based on
your review of the study that was performed by Conestoga
Rovers Associ ates?

Yes, it was. Yes.

Now, and that anal ysis produced deposition maps that show
the nmetal and sulfur |aden particulates that will settle on
the | andscape as a result of mining operations?

Yeah.

Wiy is that a concern to you as a |over of wetlands?

Well, | know that nmany wetl and-dependent aninmals and plants
are highly sensitive to toxics. Anphibians are especially.
You know, frogs have thin skins and very sensitive npi st
skins and they're extrenmely sensitive to heavy netals and
that really concerns nme. Plus the fact that we've got a
very acid environment and, you know, in an acid environnent
many of these aninals and plants are already under a whol e
| ot of stress, so you're just adding another stress. |

m ght add that, you know, if we |ose these animals froma

| ocal wetland, they can't just pick up and go somewhere el se
and everything is fine and dandy. Typically w th ani nmal
popul ations, as a wildlife ecologist | know that the
avai |l abl e spaces for animals to occupy when they nove out of

a destroyed area they -- when they nove into other areas
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they generally fail to breed successfully, so that in the
long termthere's a net loss in population. You may -- the
i ndi vidual animal may survive for a while by noving to

anot her wetland, but the popul ation as a whol e decli nes.
Coul d particul ate deposition in wetlands surroundi ng the
project site have an effect on water clarity?

It could theoretically. | don't have the -- all the data
necessary to draw a definitive conclusion on that, but I
woul d say that anytine you put |levels of dust into the air
above background levels and that dust gets into the streans
and wetlands it reduces water clarity and as a result you
begin to |l ose the aquatic plants and aquatic invertebrates
and so on that live underneath the water.

Your final rowin slide 13 refers to acid mne drainage. |If
this mne, the Eagle Mne -- well, first, is acid mne

drai nage a termand a phenonenon with which you are
famliar?

Yes, | am As | mentioned earlier, | studied one of the

| argest superfund sites in the state of California, the Iron
Mount ain M ne near Redding, and that mne which was shut
down many years ago still continues to export |arge anmpunts
of contam nated water to downsl ope areas.

But you do not hold yourself out as an expert in acid nine
drai nage or the underlying sciences, do you?

Correct; correct.
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Ckay. If this mne causes acid mne drainage, does that
cause you concern about the health and function of the
wet | ands surrounding this site?
Absol utely. Al though, you know, to sonme degree in sone of
these wetl ands the species' already adapted to sone |evels
of acidity -- certainly in bogs they are -- the extent, you
know, of adding this additional stressor onto these
wet | ands, additional acidity |I think will cause a w despread
| oss of wetl and-dependent plants and ani nal s.
Have you revi ewed --

MR. DYKEMA: Let's go to a cover slide.
Dr. Adamus, have you reviewed the wetl ands-rel at ed
conditions that the Departnment of Environnmental Quality
included in their mning permt?
Yes, | have.
In your expert opinion are those conditions likely to be
effective to prevent the destruction or inpairnent of
wetl ands as a result of the construction and operation of
this mne?
No, they will not be effective. | think they' re well
i ntentioned; that the DEQ wanted to have sonme nonitoring
that showed they were at | east aware of the potential here,
but they fall far short of what's necessary. And frankly, |
don't think any sort of realistic nonitoring is going to --

for the problens that could result of groundwater drawdown.
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And specifically what | nean is in the discussion of

nmoni tori ng DEQ says that these wetland water |levels will be
noni tored once a nonth. Now, sounds good. And if they
notice a decline in the water |evel, you know, cease
operations or do sonmething to, you know, cease it, that
problem And if they notice that decline occurring for nore
than, you know, a certain period of time they' Il require
Kennecott to do weekly nonitoring of the water levels in

t hese wet| ands.

Well, this is -- to nme this is meani ngl ess,
because when you're probing underground with piezoneters and
tunnel s and shafts and all that, you can interrupt the
groundwat er/ surface water connections in a matter of seconds
or mnutes or hours. And if you're only nonitoring it --
you know, checking once every week or once every nonth, the
damage is already done by the tinme it occurs. So you'll be
there three weeks later and the groundwater/surface water
connections have al ready been ruined. So | don't see that
nmonitoring is going to adequately address this probl em
Dr. Adanus, based on your nore than 30 years of experience
studyi ng wetl ands and their functions, and based on your
review of the facts in this case, is it your opinion to a
reasonabl e degree of scientific certainty that the
devel opnent and operation of the Kennecott will cause the

destructi on of wetl ands?
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And how certain are you?
| amcertainly nore than 50 percent certain, and in the

areas closest to the nmine nore than 80 percent certain that

wetland loss will occur. And a hundred percent certain that
some of the wetlands will be degraded in terns of their
quality and their basic character will be changed.

Is it your expert opinion that wetlands will be degraded or

destroyed even extendi ng beyond Kennecott's own acreage?
| believe so. And again, | amnot a groundwater
hydrol ogist; |I'mtaking as truth the Geomatri x report. And
| think that, you know, based on the Geomatrix report |
woul d say certainly outside the property boundaries wetl ands
will be degraded. And even setting aside the Geomatrix
report just by Kennecott's own predictions |I predict that
wetlands within the project area will be severely degraded.
MR DYKEMA: Your Honor, nay | take one nonent?
JUDGE PATTERSON:  Sure
(Pause in dial ogue)
MR. DYKEMA: Your Honor, by stipulation | offer
Dr. Adamus's CV, which is Exhibit 131. And | also offer for
denonstrative purposes the slides that Dr. Adanus has
testified to today, identified as Exhibit 142. And |
apol ogi ze for not having copies of those handy. There was

phot ocopier glitch this norning, but I'll have a set of them
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available for the Court and all parties within a matter of
moment s.

MR. PREDKQO  Your Honor, we have no objection to
the CV. W've stipulated to that.

JUDCE PATTERSON: Ri ght.

MR PREDKO. To the rest of the denonstratives
there are many things in those denonstratives -- again, this
is beginning to be pattern that we're not in the original
exhibits; that there are portions of different studies set
forth in those exhibits that should not cone in for their
substance. They're clearly hearsay and should not be
adm tted.

MR. DYKEMA: |I'mnot offering themfor their
substance, your Honor. [|'moffering thempurely for
denonstrative purposes so that Dr. Adamus's testimony -- so
the transcript will nake sense; so that the reader of the
transcript will know what it was he was referring to.

JUDGE PATTERSON: | think for that |imted purpose
it's adm ssible.

(Petitioner's Exhibits 632-131 and 632-142

recei ved)

MR. DYKEMA: Thank you. Tender the witness.
Thank you, Doctor.

MR. PREDKO Dr. Adamus, ny nane is Chris Predko;

| represent Kennecott in this matter.
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CROSS- EXAM NATI ON

BY MR PREDKO

Q
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Now, you didn't do your own hydrol ogy assessnment of the
site; correct?
That's correct.
Did you visit the site?
| did.
And how |l ong was that visit?
It lasted two days -- well, no, one day.
And how many hours did you spend at the site?
Probabl y about six hours | woul d guess.
And when you were at the site | assunme that you observed the
wetl and types there at the site?
Yes, | did.
(Pause in dial ogue)
Ckay. Doctor, | put up on the screen here what is part of
Intervenor 243. And this is a photograph of the wetl ands
near the orebody. Do you recognize this area as one that
you | ooked at?
Yes. | believe I wal ked right through there.
Not all the way through there?
No.
And as far as the types of wetlands we see here -- of
course, we have the open water which is part of the Sal non

Trout R ver; correct?
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Ri ght .

And then al ong the edge there we have energi ng wetl ands?
Uh- huh (affirnmative).

And those plants there | understand are sedges; correct?

| can't tell fromthe photo for sure.

Well, did you see sedges out there when you were there?

| did.

Ckay. And behind the sedges right here (indicating) in this
area here and al ong here we have what they call scrub brush
wet | and?

Yes, scrub-shrub wetl and.

Scr ub-shrub?

Uh- huh (affirmative).

Ckay. Thank you. And then behind that they have forested
wet | ands; correct?

Correct.

Ckay. And then the types of species -- plant species that
you saw i n each of those -- in the forested wetland you see
popul ated by balsamfirs? Do you see sone of those, or did
you see some of those?

Yeah, | can't recall fromnenory, and just trying to
identify off a photo | don't want to risk that.

Ckay. Do you have any reason to disagree with me that
that's one of the species out there?

[t could well be; | don't know.
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Bl ack spruce?

Certainly |I saw bl ack spruce there, | renenber.

Tamar ack?

| remenber seeing tanarack there.

See one in that picture al so?

| do; that yellow tree there.

Al'l right. And as far as the scrub-shrub, |eather |eaf?
Yes, | saw sone out there | believe.

M chi gan hol ly?

| don't renmenmber if | did or not.

And we' ve already tal ked about the sedges?

Ri ght .

Ckay. Now, in that forested wetland that's in the
background, | understand that that's a shaded area; correct?
Yeah.

Ckay. And the ground is covered with sphagnum noss?

In places, yes.

Ckay. You saw that while you were there?

Some, yes.

Okay. How about the areas surrounding the wetland; did you
get a chance to | ook at those?

Not in as nuch detail as | wanted. You know, of the 26
wetl ands or so on the site | think | saw perhaps two or
three, so | don't have a conprehensive know edge of them

all.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

1073

Ckay. |'mshowi ng you now what is part of the wetland
delineation simlar to one of the exhibits that M. Dykema
asked you about. And you've seen this docunent before?
Yes.

Ckay. Now, you said you only visited two of the three -- or
two or three wetland sites while you were there. Wich two
or three?

Ch, | can't recall exactly. | know certainly nunber 6 and
probably sonme of the ones up near the road there, 7 or 4 or
5. But | don't know exactly.

Ckay. Well, how far did you wal k while you were there?

You know, maybe a half mile total during the day. | relied
to a large extent on the reports of Kennecott and its
contractor.

Ckay. You didn't venture down to Area 26 down there?

No. Well, | nmay have; | don't recall.

Al right. Now, what you saw of the surrounding area -- and
let's take one that you did actually visit. Let's take
nunber 6 here

Yeah.

Now, what you saw of the surrounding area, vegetation
around -- in that surrounding area was intact?

No, it had been logged at sone tinme in the past, so it was
fairly open canopy in a |lot of places.

Open canopy, but |I'mtal king about ground vegetati on.
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Yeah, the ground vegetation was, you know, a mx of shrub
speci es, of bare areas in sone cases.

Ckay. How about the soils in that area?

| did not |ook at the soils.

Ckay. Any reason to disagree that they area organic soils?
They may or may not be; | would lay ny odds that they are
just knowing that they're in that region.

And you testified that those organic soils have been
building up for -- | can't renenber the term--

Yeah, for centuries.

Centuries. Ckay.

Yes. And that's -- if you're asking for a definitive
evidence? No, | can't say that | exam ned them nysel f, but

based on your reports, Kennecott's reports and my know edge

of wetlands | would expect that they would be organic soils.

Qdds are that they are organic?

Ch, yes. Yes.

And again, tal king about the surrounding area of wetl and
nunber 6, one of those that you did visit, --

Yeah.

-- what is topography like right in that area?

It's sloping. |It's sloping. |If I've got ny orientation
right, | believe it's sloping down towards the Sal non Trout
there fromthe road down in that direction

Ckay. And there's -- maybe it would help if | didn't point
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on there and try to use the laser. Hopefully I didn't point
it at nyself. Right here (indicating) in this area here?
Yeah.
And | understand there's a little bit of a slope there?
Uh- huh (affirnmative).
And the slope, as | understand it, is about 30 feet over 300
feet?
Uh- huh (affirmative).
Is that consistent with what you renenber?
That sounds about right, yes. And | know there are wetl ands
in patches, so -- through there on the sl ope.
Now, factors that would affect the type of wetland that
forms. Wuld you agree that soil condition is one of those
factors?
Uh- huh (affirmative).
Precipitation and climte another factor?
Uh- huh (affirnmative).

JUDGE PATTERSON:  You have to say "yes" or "no."
Yes. Sorry.
Veget ati on anot her factor?
Yes.
And hydrol ogy another factor?
Yes. And | would also add animals. By Mchigan statute if
an area | acks vegetation, if you have wetl and- dependent

animal s that may be considered an indicator as well.
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Ckay. And that does remnd ne. You've been tal ki ng about
the federal standard for wetlands through much of your

testi nony?

Yes.

And three factors are needed for the federal standard,
correct?

Ri ght.

Ckay. And you understand the M chigan standard is a little
bit different?

| do understand that and | understand that M chigan has a
responsibility for the Section 404, the Cean Water Act as
applied in Mchigan, yes.

Ckay. And you understand that instead of the three factors
M chigan only requires two factors be present to identify an
area as a wetland; correct?

| believe so.

Ckay. Two factors: vegetation and hydric soils?

Correct.

Ckay. When you were reviewing the -- well, let's take the
one that you reviewed, the area 6, which is closest to the
orebody, and the orebody in this picture is that represented
by the gold right there (indicating)?

Uh- huh (affirnmative).

Now, you would agree with ne that all of the wetland

surroundi ng that area flow towards the river; correct?
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That's what | renmenber, yes.

Ckay. And | think it's pretty clear when you're in the
area -- in the energent areas that that's happening. Wen
you get up into the forested areas the water is not

travel ing above ground but, rather, is traveling below the
surface and towards to the river; correct?

That's correct; yes.

Now, on area 6 again; what would you say the width of the
wetland is fromone end to the other?

| don't recall. You know, it could easily be gotten off the
scal e of the map

Yeah. Well, I'mnot -- it's not a nenory quiz here either.
I need M. Lew s's pocket scale that he keeps with him
There's the scale.

It | ooks |ike maybe 300 feet, 200 feet.

Thank you. So about two and three-quarters, about 1500
feet; measuring end to end | get about two. So it looks to
nme somewhere in the range of a thousand feet?

Ckay.

Is that -- any reason to disagree with that?

That's probably fine, yeah.

Ckay. Now, Dr. Adanus, are you familiar with the hydro
period for wetlands around the orebody?

Only fromwhat | read fromthe project docunents and the

hydro period seens to indicate that except for the ones that
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are along the river that nmost of these wetlands are already
on the dry end of the wetlands; they're kind of marginal
whet her they're wetlands. | nean, they are definitely
wet | ands, but they're not covered with water all the tine
like a lot of wetlands are.

No standing water; again, this idea of the water noving
bel ow t he surface?

Ri ght; right; yeah

How, when you did your assessnment of the wetlands did you
investigate the climate and precipitation that exists in
this area?

No, | didn't. | assuned that that was not ny burden to --
you know, legally or scientifically to undertake that.

Ckay. Well, you just told ne that's one of the factors that
you used to determine the type of wetland that you have

t hough; correct?

In a general sense, yes.

MR. DYKEMA: (bjection; nisstates testinony. He
said that the types of wetlands depend on where the water
comes from That isn't -- doesn't require reference to
| ocal climatol ogical data, which is the prenmise for the
questi on.

MR. PREDKO  Well, Counsel, with all due respect,
| asked Dr. Adanus earlier what factors would affect the

type of wetland that forns and he told ne precipitation and
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climate do so.

Correct, Doctor?

Right. And on a regional basis they affect, you know, what
the majority of wetland type will be in a region, but you're
tal king something site specific and site specifically one
would -- to get beyond just tal king probabilities one would
need to take that -- you know, nore detail ed anal ysis.

And precipitation and climate can determ ne the hydrol ogy of
the wetl and?

Yeah.

Ckay. So it's an inportant factor?

It is. Not the only one, but yes.

Now, woul d you have any reason to disagree with me -- | know
you didn't investigate this, but would you have any reason
to disagree with nme if | told you that in this particul ar
area in the Upper Peninsula they have an average of 35
inches of rain annually and 176 inches of snow from Cct ober
t hrough April?

| would not disagree with that. And | was aware of that
when | considered the report.

And are you al so aware that this particul ar area because of
the precipitation and climate conditions -- that the
wet | ands experi ence periods of drought or dryness?

Uh-huh (affirnmative).

And it's -- | mean, all wetlands experience sone periods of
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dryness?

Yes; yes.

Are you aware that these wetl ands experience dryness to the
effect that the water level will drop three feet bel ow the
surface at tines?

At tinmes. W're not tal king, you know, for a ten-year
stretch, but for shorter periods of time, yes.

Every season?

Yeah.

Ckay. And that can vary fromyear to year too?

Yeah; certainly.

It's not always going to drop three feet during the dry
season; it may drop three and a half feet; it may drop two
and a half feet; correct?

Right. But on a long-term average the water table tends to
be within 12 inches of the surface.

Vell, the water table -- the water tends to be within 12

i nches of the surface at five percent of the grow ng peri od;
correct?

That's correct; yes.

Ckay. Al right. You're not talking about -- | nean,
that's all you need for hydric soils; right?

Yeah. Under the state of Mchigan that's true, yes.

And you talked a little bit about precipitation-domn nated

wet | ands and groundwat er - dom nat ed wetl ands. Again, you
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didn't conduct your own hydraulic assessnment of the area;
right?

| did not.

Did you know that -- fromwhat you' ve seen that some of the
wetl and areas on this site are precipitation dom nated;
correct?

| would inmagine so, yes. Based on the information in
Kennecott's docunments | would say there's a very high
probability of that.

And | think you' ve already testified -- and there's no

di spute here today that precipitation-doni nated wetlands are
nmuch | ess affected, if at all, by drops in the groundwater
tabl e; correct?

That's correct.

Now, are you aware that on this nmap that we have up here,
which is part of the wetland delineation perfornmed by
Kennecott and is part of the Environnent |npact Assessnent
whi ch has been admitted already -- are you aware in area 6
that there exists many areas of wetland that are dom nated
by precipitation?

Wel |, yeah, because Kennecott says as much in the Wtl and
Hydr ol ogy Report. They point out that many of these sl oping
wet | ands here are precipitation driven, whereas groundwater -
driven wetlands were in this part. But, you know, the --

I"'ma little bit wary of those concl usions, because the
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nunber of piezoneters and the nunber of sanples and the

density within the wetland was not, | feel, sufficient to
provide a high resolution as to which wetlands -- even in
that one wetland -- which areas of that were high, were

precipitation driven and groundwater driven. And then that
doesn't account for the other 25 wetlands which were not
even studied at all.

You're a little bit wary of the characterization?

Yeah.

However, you didn't conduct any assessnent at all, did you,
Doct or ?

| didn't consider it nmy responsibility to.

Ckay. And it's not your responsibility -- you don't have
anything here today with you that woul d di sprove Kennecott's
characterization of those wetlands as precipitation

dom nated, do you?

That's correct; | have nothing to dispute that
characterization, nor the characterization that they would
be unaffected by a drop in the groundwater |evel. However,
they will be significantly inpacted by other activities at
the mning operation as | noted. And if | mght add, | also
found it odd that Kennecott did not characterize which
proportion of the wetlands on its site were precipitation
driven as opposed to groundwater driven. They only studied

that one wetl and, nunber 6, and they kind of divided it in
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groundwat er driven.

Now, Doctor, is -- are the application materials that -- the
only materials that you've reviewed in this case?

The application materials, their appendices, and the reports
that were submtted as, you know, evidence, as exhibits. |
can't think of anything else other than what | nentioned
earlier.

In your short visit to the site, did you get an opportunity
to ook at the animal population that's on the site?

In a casual way, but that wasn't -- | was not tasked with,
you know, recording animals. | did notice a bald eagle
flying over the site.

A fly over?

A fly over, yes. And it was | ow enough that | considered it
was probably not a migrant but -- yeah. And | heard
numerous birds that | identified.

You didn't see any bald eagle nests in the area, did you?
No, I did not; but I was not searching for themeither.

Now, the -- well, did you | ook at the Environnental | npact
Assessnent to | ook at what kinds of wildlife are in and
around, for exanple, area 67

Yeah, | couldn't recall fromnenory which species were in
which wetland, but | do -- | did look at the list of species

that occurred in the project area and | noticed at |east 15

1083



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

of about 54 species that were reported by your

consultants -- you know, at |least 15 of them are what |
woul d call wetl and-dependent species. And also in that |ist
are many species that are listed by the State of M chigan as
particularly sensitive.

Ckay. See any threatened or endangered species?

No. | did not -- | did not even bother |ooking for them

My focus was on wetl ands.

Now, are you generally famliar with -- and I know you
didn't explore all of the areas on the site, but are you
generally fanmliar with the surroundi ng areas, the
surroundi ng counties, the types of land that is located in
those counties?

|"ve driven through them |'ve |ooked at aerial inagery.
When | was working on that assessnent nmethod that | told you
earlier and | built nodels for all the wildlife species in
M chigan, | considered the distribution of those species in
the area surroundi ng the project.

Ckay. And you'd agree with nme the areas surrounding this
wetl and that we're tal king about here are all fairly natural
areas; correct?

Wel |, depends on how you define "natural." But certainly
I'"'m aware of areas such as the tract that's owned by the
Huron Mountain Club that's on the Sal mon Trout River further

downsl ope that is | understand to be one of the nost
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pristine forested areas left.

W're getting alittle bit off scope here, Doctor. [|I'm

tal ki ng about the areas directly surrounding this wetland
that's up on the screen here.

Yeah.

Do you see that?

Yes. Oh, the areas surrounding that wetland have had sone
di sturbance in the past fromlogging and fromfire probably.
They're primarily natural areas? There's no cities up
there, are there, Doctor?

Correct. They're natural.

Ckay. And all of those areas are, in this picture,
connected to the Sal non Trout River; correct?

| don't know that as a fact, you know Again, |acking fine
scal e topography maps of the sort that should have been
done, | can't really say whether there's a surface
connection or not.

Al'l right. Now, up here on the plot nmap, and did you | ook
at these types of nmaps?

Yes, | did.

Ckay. And this particular map is one of Marquette County.
And the area of the wetland that we're tal king about here is
right here (indicating); would you agree with that, Doctor?
Yes.

Ckay. And you woul d agree that this area of wetland here is
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just a small portion of an extension of this larger wetl and
that 1'"mcircling; correct?

That's correct. Although that |arge area that you've
circled with Yellow Dog flows in an opposite direction

But they're connected, aren't they?

They are connected, yes.

Ckay. And they're all surrounded by fairly natural areas?
Yeah.

Now, you talked a little bit about a base of invasive

speci es?

Correct.

Ckay. It's ny understanding that invasive species have the
opportunity to come in to a wetland when the native plants
are either weakened or dying; correct?

Correct; yes.

Ckay. Now, going back to this area six that you took a | ook
at, | assune that you took a | ook at area six at the request
of your client, Huron Mountain Club; is that correct?
That's correct. | was contacted, | believe, by the Nationa
Wldlife Federati on.

Ckay. One of the Petitioners?

Yes.

Ckay. And your understanding that you were focusing in on
area six was because that's the area cl osest to the orebody

and where the nost anount of water drawdown if any wll
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MR. DYKEMA:  Your Honor, may | just caution the

wi tness not to disclose any attorney-client confidences?
The prenise for this was a conmuni cation with counsel

Ch, please don't tell ne the contents of discussions with
your lawyers. | don't want to know about those di scussions.
| want to know why you were there

Just to, you know, get a sense of what the site was |ike,
what the terrain was like in that area

And your understandi ng was when you were at area six was
that that was the area that would be affected by the nopst
drawdown; correct?

You know, again, | can't renmenber all the areas that | went
to. | didn't take a lot of detailed notes when | was there.
So | can't say for certain, you know, where on your
particular map there | was at any given point in tine.

Well, I'mnot asking where in particular you were, Doctor.
I"masking you in general. You told us that you | ooked at
area si x.

Yeah, parts of it.

And that that was the area that | showed you the picture of?

Yes.
And you recogni zed that?
Yes; yes.

Ckay. |'m asking you whether the reason that you were
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drawdown woul d occur, as you understood it?
| have al ways understood that the nost drawdown woul d occur
near the mne site. But when | was wal king on the ground
out there | ooking at that wetland, | wasn't -- | didn't have
that thought in ny mnd.
Now, | can't remenber which denonstrative exhibit it was
that was put up on the screen, because | wasn't yet provided
wi th copies.

MR. PREDKQO thank you, Counsel.

MR. DYKEMA:  Your Honor, if | may approach?

JUDGE PATTERSON: Sure, please do. Thank you
And there was a -- no need to put it up, but they had from
your "lIndicators from Mnitoring Biological Integrity of

I nl and Freshwater Wetlands," fromthat survey, they had a
quote up there that said, "Topographic variation on the
order of a few centineters can shape the conposition and
enrichnments of the plant conmunity.” And you're talking
about differences in a few centinmeters?

Uh- huh (affirmative).

Ckay. Now, you also know that differences exist anong pl ant
species with regard to their ability to resist drought and
fl oodi ng; correct?

Yes.

Sonme species are nmuch nore tol erant of drought, for
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Yeah. And generally those are not wetland speci es.

Ckay. Now, let's talk about sone of the species that are in
this area six, again, one of the areas that you took a | ook
at. And are you familiar, Doctor, with a docunent that
we've identified -- or I'midentifying nowin this
proceedi ng as Intervenor 264? It's a docunent by the United
States Department of Interior Fish and WIldlife Service,
"Wetland Plants of the State of M chigan.”

| may have seen it once or twice, but it's not sonething
that 1'mreal famliar wth.

Ckay. You're fanmiliar, though, that the Fish and Wldlife
Service characterizes the wetl and plants and whet her they
can be tolerant of wet and dry areas; correct?

Yes. And they assign |abels, facultative, obligate and so
on to those species, not just in that publication but the
sanme information is contained online and other sources. And
| referred to that

Ckay. Sounds like you're very famliar with it, then?

Yes.

Ckay. Let's talk about sonme of the species that you saw
again. And it's in this (indicating) area right there.

Now, the tamarack that we see there, --

Yeah.

-- that's a facultative wetland plant, isn't it?
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Uh- huh (affirmative).

JUDGE PATTERSON. |s that "yes" or "no"?
| believe so, just fromnenory. | would have to consult
that list to be sure.
Ckay. As a facultative wetland plant, that neans that it
can survive in drier areas; correct?
It can.
In fact, what it neans is that although 67 to 99 percent of
the tinme it's found in wetlands, --
Yes.
-- the other percentage of the times it can actually be
found in upland areas?
That's correct; yes.
How about red mapl es?
You know, again, | would have to consult the list as to what
it's labeled as. But let nme add that nmany of the species on
the species list that you cite fromthe project area are not
facultative species like the large --
Doctor, | didn't ask you that question. GCkay?
Thank you.
The red maple, what's the --
| don't know.
Ckay. Do you have any reason to disagree that that's a
facultative species?

That sounds about right.
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Ckay. And facultative nmeans it's only sonetinmes found in
wet | ands; right?

That's correct.

Ckay. 34 to 66 percent found in wetlands; the percent found
in upland areas, dry areas?

Yes; under st ood.

Correct?

Yes.

Trenbl i ng aspen, did you see any of those when you were on
the site?

| think I vaguely recall that, yeah

That's also a facultative plant, --

Ckay.

-- also tolerant of dry conditions; correct?

Yes.

Bal sam firs?

Yeah, | would imagi ne those are facultative.

Ckay. And in fact, they're facultative wetland, but that
nmeans they can also survive in dry conditions; correct?
That's correct; yes.

Nort hern white cedar?

| would guess that that's probably facultative wet.

And you wite on also can survive in upland areas; correct?
Correct. It can survive in upland area, yes, on --

Wll, it's found in upland areas; right?
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kay. How about sonme of the scrub-shrub? M chigan holly,
any idea what that's classified as?

It probably can survive in upland areas, but | don't know
exactly what its classification is. And, you know, there's
54 species on that list. And we could go through them --
hope we don't go through themone at a tine, but I --
Doctor, and | don't mean to cut you off, but, you know, |'m
asking questions and I'mtrying to get answers to ny
questions. kay?

Al right.

We're not going to go through every one of those. And ny
point was to go through some of the dom nant --

Yes.

-- species of plants that are | ocated here in these
wet l ands. Ckay?

Yes.

Ckay. And you just testified that the ones that we've gone
through can survive in upland areas as well as wetl and
areas; correct?

That's correct. And they're routinely used to delineate
wet | ands.

Now, in fact, some wetland plants, in fact, some of the
wetl and plants that you saw here, can benefit from peri ods

of drought, can't they?
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Some, yes.

Bl ack spruce is one of those, isn't it?

Uh- huh (affirnmative).

I'"msorry, Doctor?

Yes, | imagine that to be so. Although, if you have

prol onged drought, it increases the risk of fire and you can
have your whol e stand burned over easily.

Okay. But bl ack spruce is a species that can actually
thrive because of sone drawdown in water; correct?

I fin don't kind of leading. | don't know exactly what the
case is with black spruce.

Ckay. How about sphagnum npss?

Sphagnum noss dependi ng on the speci es of sphagnum generally
tends not to occur in uplands, but it can survive periods of
dr ought .

Ckay. And in periods of drought, that species will actually
thrive?

It will for a tine.

Ckay. Sedges, sedges can benefit from periods of drought,
can't they?

There are hundreds of species of sedges, and over a dozen in

the project area. |It's a very species-specific thing.
Wel I, thank you. Sedges can benefit from drought, can't
t hey?

Sone.
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Now, you tal ked about the fact that these wetlands are

| ocated around the headwaters of the Sal mon Trout River?
Correct.

And you tal ked about the effect that water |evel
fluctuati ons woul d have on those and sonething to the effect
that its headwater areas are nore inportant and we have to
| ook out for those; right?

Correct.

Ckay. Now, you understand on -- in this area, in fact, in
the area upstream of the orebody, that there are beaver
danms, natural phenonena that are affecting the water |evels
in the areas of the headwaters; correct?

| do, yes.

Ckay. And these natural phenonena can cause water |eve
fluctuations, can't they?

They can to sonme degree, although beaver dans specifically
tend to noderate the fl ow of downstream areas. You get a
hi gher base flowin a | ot of cases where you have a beaver
dam up above.

Ckay. Well, and the area up above, though, the water |evel
woul d be increased during the period of tinme that that --
Yeah. And, you know, maybe within 30 feet above the beaver
damit would increase in a very snall area.

Well, and we're kind of tal king over each other, and that

may be partly ny fault, Doctor. And if you would just -- if
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that, I will wait until you give your answer. Ckay?
Ckay.

Thank you. And it makes it easier for the court reporter,
too. Now, would you disagree that natural phenonenon such
as a beaver dam could cause water fluctuations, you know,
one to two feet?

It would increase the water by two feet. | nean, it

would -- it would raise the water level by two feet, but
it's not going to drop the watertable by two feet except
when the dam bl ows out.

Right. And when the dam blows out, then that area that was
raised two feet then woul d drop back down two feet?

Yes.

Ckay. And sonme wildlife experts consider that kind of drop
in elevation good for wildlife, don't they?

For limted periods of time. As a chronic disturbance, no,
but as an occasional disturbance it's beneficial to wetland
productivity.

Now, you talk a | ot about what you called fens in the area.
Now, would you agree with me that all of these what you
called fens that the river is an inportant source of water
for these fens?

Sonme of them you know. O all the wetlands that you have

mapped there, the ones closest to the river there I would
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imagine | believe to be a mxture of groundwater discharge,
i.e., fen, and the product of the river naturally rising,
you know, during snow nelt in the spring and also a third
factor being the surface runoff. So those wetlands al ong
the river | believe have varying conponents of those three
wat er sour ces.

Ckay. And so the answer to ny question of whether the river
is a source for those fens is "yes"; correct?

One of three sources, yes.

And again, your belief on -- well, you don't have a beli ef
onto the percentage of, you know, how nmuch water is coning
from each source, do you?

| don't.

Because you didn't do that analysis; right?

That requires detail ed hydrol ogi c studies.

Now, you said sonmething along the liens of you thought that
the area would be habitat for a dozen or so threatened or
endanger ed speci es?

| said species that are considered -- | believe | said
species that are listed by the State of M chigan as
sensitive or threatened or endangered or rare. That was ny
intent to state it in those terns.

Ckay. Thank you. Now, did you see any threatened or
endangered or rare plants?

No, I did not. | was not |ooking for them
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Did you see any threatened or endangered or rare insects or
I nvertebrates?

| was -- | did not. | was not | ooking for them

Did you see any rare, threatened or endangered fish?

| did not. | was not |ooking for them

Did you see any rare, threatened or endangered anphi bi ans or
reptil es?

| did not. | was not |ooking for them

And ot her than the flyover fromthe eagle, did you see any
rare, threatened or endangered birds?

| did not. And it doesn't surprise me, because | was only
there for a few hours.

Now, Dr. Adanus, you've done some work, | understand, with
MDOT with regard to M chigan wetl ands; correct?

That's correct; yes.

And so | think you would know that in the State of M chi gan
that there are millions of acres of wetlands?

Yes.

And | received fromin this case fromPetitioner's counsel a
very large exhibit that was called Wetland Background. Are
you famliar at all with Exhibit Nunber 115 -- Petitioner's
Exhi bit 1157

| believe so, yes.

Is that sonmething that you put together?

| believe | put a major part of it if not all of it
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t oget her.
Okay. It's sonething that you relied on in comng to your
opi ni ons?
It's sonething that | used as a resource, yes.
(Counsel reviews docunents)
MR. PREDKO | apologize. | have way too nuch

stuff in front of ne.

MR. DYKEMA: | can hel p.
Wll, while I"'mstill looking for what |'m 1| ooking for
Doctor, | did want to ask you, you had tal ked about your

experience in putting together rapid assessnent tools for
wet | ands?

Yes.

The synoptic nethod; correct?

Yeah.

The wet net hod?

Yes.

And | do understand that you' ve got experience with the HITM
nmet hod, too?

Yes.

kay. And you tal ked about Maine, Oregon, M nnesota,

Al aska, Washi ngton?

Yes.

Now, there is not a rapid assessnent nodel for the Upper

Peni nsul a of Mchigan, is there?



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

1099

None have been |egally adopted, but M chigan DEQ is worKking
on a nethod which will cover the entire state, including the
Upper Peninsula. And |I've used that nmethod in M chigan
Ckay. And they've not finished that, have they?

That's ny understanding. It's a work in progress.

My understanding is is that that's a pretty daunting task to
put one of those nmethods or assessnent tools together;
correct?

It does take sone effort, especially if you haven't done it
bef ore.

| really wanted to ask you sonme questions about one of the

exhibits.

JUDGE PATTERSON: Can | suggest sonething? It's
al nost noon. If we break for lunch and then --

MR. PREDKO Judge, that will be perfect.

JUDGE PATTERSON: -- that will give you tinme to
find it.

MR. DYKEMA:  Your Honor, |'mafraid Dr. Adanus is
very tightly constrained. He had hoped to testify Friday.

JUDGE PATTERSON: Ri ght.

MR. DYKEMA: But we need to get himto Detroit
Metro Airport to catch a 2:30, 2:45 flight. So if we can
finish now, 1'd be very --

JUDGE PATTERSON: Ckay. | hadn't thought about

that. Want to take a quick five-mnute break?
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MR. PREDKO Can we, please, Judge?

JUDGE PATTERSON:  Sure.

MR. PREDKO Thank you.

(OFf the record)

JUDCGE PATTERSON:  Find it?

MR. PREDKO | did, Your Honor. Thank you

JUDGE PATTERSON: Ckay. Good.
Dr. Adamus, | did find the exhibits that I was | ooking for
And you had testified that you had | ooked at a plot map such
as this that | have on Marquette County?
Yes; yes.
And so you're aware that there are other wetlands directly
connected to the one that's at the site; correct?
According to the map, yes.
You know of no reason to disbelieve what's on the nmap?
Wel |, sometimes connections are so snmall that they' re not
shown on maps. But the major connections would be shown on
a nmap.
And if sonebody, an expert for Kennecott, were to say that
these were all connected, you have no reason to disbelieve
that, would you?
Those particular wetlands there, you' re correct.
Ckay. And | assume that you're also aware of -- and this is
kind of, you know, a little bit backing out a little bit

nore and you' Il see the Marquette County wetland on the
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ri ght-hand side and then you see other wetlands in the area

of Baraga County; correct?

Yes.

And you were aware that there are other wetlands in the area

t her e,

Certai

wet | ands,

Ckay.

t 00?

nly.

And that doesn't dimnish the value of these

but there are other wetlands in the area.

And we were talking a little bit about threatened,

endangered or rare species. And the M chigan Natural

Features actually rates the types of wetlands al so, don't

t hey?

They -- | wouldn't use the word "rate." They categorize
them vyes.

Ckay. Categorize themas rare or endangered? | know that's

not the term nology that they use. And we'll get to that.

There's different levels of rarity that they use, yes.

Yes.

And |'mgoing to put up on the screen here, this is

Petitioner's Exhibit 632-115-69. So this was sonethi ng

think that you may have put together for your counsel. The

witing on here is mne. Now, would you agree that on this

page in terns of the wetlands at the site the ones that we

have at the site are the ones underlined?

| would agree that sonme of the ones on the site are indeed

bogs in that a few of themon the site nmay be energent

mar sh.

But

would tend to think nore likely that those
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groundwat er di scharge ones are in the category on the right
there of poor fens and possibly northern fen. And the
surface water ones that are not bogs would be probably poor
coni fer swanp or rich conifer swanp or rich tanmarack swanp.
Ckay. And for the ones that |'ve underlined at |east, the
bog, | nmean, which you agree is there?

Uh- huh (affirmative).

Ckay. And the $S4, that first is a state rank?

Yes.

And the second colum is a global rank?

Yes.

And the S4 neans that bogs in the State of Mchigan are
secure?

Yes.

Ckay. And globally G3 to G neans -- do you know what t hat
means, Doctor?

|"msorry. Repeat your question.

Well, the global rank there that's underlined --

Oh, G3 to G5, yeah. It neans that globally bogs are not
something that's threatened to a | arge degree.

Ckay. Al right. And then for the energent marsh, again,
state we have a secure ranking; correct?

Ri ght .

And then the QU | understand is unrankabl e?

Yeah; yeah. | don't believe that energent marsh is a |l arge
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conmponent; that is, emergent marsh as defined by the M\FI
not by the National Wetland Inventory, but as defined by the
MNFI, | don't believe energent marsh is a | arge conponent of
the wetl ands on your site.

But they're there?

Yeah, | believe so.

Ckay. And you had tal ked about a poor conifer swanp?

Uh- huh (affirmative).

And agai n, statew de secure; correct?

Correct; yes.

And the global classification is apparently secure?

Yes.

Okay. And rich conifer swanp it's got an S3 classification?
Yes.

VWhich is relatively secure, isn't it?

Yes.

Ckay. And then, again, the &4 globally, those are globally
apparently secure?

Yes.

Now, do you agree, Doctor, that in comng to your
concl usi ons about this particular area that's at the site
that it was inportant for you to consider the relative
sensitivity of that site?

Yes. | routinely do that when | assess wetl ands.

And you did that here, didn't you?
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Yes.

Ckay. Now, the factors that you would use in assessing what
nakes sone wetl ands nore sensitive -- and these are your
factors, aren't they?

Yes.

And that's froma presentation that you've given; correct?
That's correct.

Ckay. Now, the factors that you would consider are those
that are on the screen; right?

Ri ght .

And the first set of factors are factors within the wetl and;
correct?

Correct.

And the first factor is that, "An outlet is |acking where
you have | ong water residence tine, 'isolated wetlands";
right?

Correct; yes.

Here in this particular site we don't have outlets | acking,
do we?

| don't know that for a fact, because | didn't visit every
wetland. | would have to verify that on the ground. But I
woul d -- based on the naps that you have provided, | would
agree with your contention that nost of them are connect ed.
And that factor would | ead you to believe that this wetland

is |less sensitive; correct?
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Well, that's one of many factors. But if, you know -- ipso
facto; correct; yes.
And we tal ked about the width of this particular wetl and,
whi ch spans at the area of the orebody 1,000 feet; correct?
MR. DYKEMA: We're tal king about wetland nunber
Si xX?
MR. PREDKO  Yes.

Do you renmenber that?

Yes.
| mean, we're talking -- | want to tal k about one that you
| ooked at.

Correct; yes.

And wet | and nunber six is an inportant one in this case.
Now, the width of that wetland is not narrow, is it?
That's correct.

Ckay. And so that factor would also lean in favor of |ess
sensitive, wouldn't it?

Yes; correct.

Now, "Soil organic content is low" You' ve already
testified here today that the soil in the area organic
content is high; correct?

That' s ny under st andi ng, yes.

And so that factor would also lean in favor of nonsensitive
or less sensitive; correct?

Correct.
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"Ani mal communi ties consist of easily disturbed and/or

non- general i st species,” now, the animal conmunities that
exist there are all fairly generalist species, aren't they,
Doct or ?

Not all of them Some are specialists.

The majority of the wildlife that exists in and around that
wetl and are generalist species, aren't they, Doctor?

Based on your lists, | would say that's likely to be true.
kay. And the plant conmunities -- and we've gone through
this -- the plant conmunities that exist are for the nost
part generalists? In that area six -- let's take one that
you' ve | ooked at -- the doninant plant species that we

tal ked about can survive in both wet and dry conditions,
can't they?

That statement is correct. But your preceding statenent |

woul d say that the plant communities are predomni nantly not

general i st species of plants in these wetlands, as indicated

by the FQ, Floristic Quality Index. | would like to add a
little context to this slide that you're show ng.

Well, you can do -- well, you can do that.

| feel it was taken out of context.

And your counsel will help you do that, |I'm sure.

Ckay.

I"d like to ask you sone nore questions. But the question

is to these -- the plant coments, again, the ones that are
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dom nant in area six can survive under the stressor that you
focused on the, water drawdown, they can survive in wet and
upl and areas, can't they?

Sone of those species can.

The ones we tal ked about can; right?

The ones we tal ked about can over some period of time, yes.
And in fact, sone of those species thrive in dryer
conditions; don't they?

Sone of those species do.

The next set of factors that you | ook at are factors in the
contributing area; correct?

Uh- huh; vyes.

And the first one is, "Soils are erodi bl e and have | ow
chem cal buffering capacity"; right?

That's correct.

And you noticed while you were in the area that the area
surroundi ng area six, for exanple, vegetation is fairly
intact; right?

Right. But the soils do appear to have, you know, from data
that were provided, appear to have | ow chem cal buffering
capacity. They're nostly sandy soils. And erodible,
they're on a sl ope of, you know, 30 feet over 100 feet or
something like that, | think we said. That would indicate
there's a potential for erosion.

Well, certainly, though, Doctor, if the plants, vegetation
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is intact, the soil is going to be |less erodible; correct?
Less erodible, yes.
And you sai d sandy, you know, now we've switch turns. W
had tal ked about organic soils previous to this. Now, you
understand that in the area of the wetland and surroundi ng
the wetland there is a deep |l ayer of organic soil; correct?
Well, the difference -- yes; that's correct. The organic is
in the wetland. The sand is in the contributing area.
Now, the next one, the "Terrain is steep," and we've al ready
gone over that. Again, you' ve got 30 feet over 300 feet.
That's a 10 percent incline. That's not steep, is it,
Doct or ?
It's noderately steep. Mst wetlands are in terrain of |ess
than five degree sl ope.
But in terms of determ ning whether this wetland is
sensitive, that factor would not |ean heavily in favor of
sensitive, would it, Doctor?
That's correct.
| know we're running short on tinme, or you are, Doctor, so
I"mtrying to make this quick. But let's |look at the | ast
one,
"Landscape Factors." "Wtland is not enbedded
wi thin natural vegetation cover or water; that is,
connectivity is low, sensitive because nore vul nerable

to invasion by weeds. Aninals dispersing fromwetl and
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are nore vul nerable.”
Now, this area is not -- or this area is enbedded wi thin
natural vegetation, isn't it, Doctor?
That's correct.
And all the areas around it are natural ?
That's right.
And so this factor would wei gh heavily in favor of the area
of being |l ess sensitive; correct?
Correct.
Now, and turn to your CV, Doctor. You were asked sone
questions about if Kennecott had called you up and wanted to
hire you to do sone things on this project. Do you renenber
t hose?
| don't renmenber the exact questions, but | remenber you
prefacing themin that way.
Sonething to that effect. WII, in fact, according to your
CV, your work is alnost exclusively for nonprofit groups and
government agencies, isn't it?
That's correct.
Not for industry?
|"ve done some for industry, but 1'd say it just happens
that nost of ny work is for government and a snall anount
for nonprofits.
Well, and in fact, according to the express | anguage of your

CV, it's alnost exclusively that; right?
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| would say 95 percent, yes.

Now, Dr. Adanus, you understand that construction of the

ni ne does not involve any sort of nowi ng or direct

di sturbance, no cutting of trees in the wetland area;
correct?

| understand that, yes.

And you understand that there will be no tilling or

di sturbance of the soil in the wetland area; right?

That's correct.

They' re not going to expose the soil, for instance; correct?
Well, not directly. But if you drop the water level, it's
goi ng to expose areas that previously were under water.

And they're not going to do any burning, are they, Doctor?
Not intentionally.

No burning is planned that you know of, is it; correct?
That's correct.

And they're not going to be using any pesticides or
fertilizer in the area; correct?

Correct.

And those woul d be sonme of the commobn stresses that you
woul d 1 ook for in assessing threats to wetlands; right?

On a percentage basis for wetlands across the United States,
yes.

Now, you understand, Doctor, that Kennecott and the M chigan

Departnent of Environnental Quality have gone great |engths
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to avoid the kinds of harnms that you' ve tal ked about here
today; do you understand that?

That's your characterization. |1 don't feel they have.
Ckay. Well, let's take, for instance, the type of mning
that's going to be done here. This is going to be

under ground m ni ng; correct?

Correct.

Al right. It's not going to be an open pit mne?

Correct.

Ckay. There's going to be no sneltering operation on site;

correct?

Correct.

No mlling --

Correct.

-- of the materials on site; correct?

Uh- huh (affirnmative).

Al'l the kinds of things which | assune you've seen on other

sites where you' ve seen this acid nmine drainage; right?
Correct.
And | understand that you've taken the tinme to read the

permt that was issued; right?

The parts of it that dealt with wetlands. | didn't read the

entire thing.
Ckay. Well, you understand that erosion control is

requi red, don't you?
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Yes, | understand that.
And that fugitive dust in the area is going to be

controll ed; correct?

| understand there will be attenpts to control that. [|I'm
not convinced that it will be controlled effectively.

Well, are you aware of any erosion control in the area right
now?

"' mnot aware of any.

Ckay. And you understand that obvi ously because you said so
that that area has been heavily | ogged; correct?

Correct.

And the road Triple Aroad that is in the areais a dirt
road; right?

Ri ght .

Ckay. And that, the logging and travel on that dirt road --
wel |, do you understand that that Triple A Road is a fairly
wel | -travel ed t horoughfare?

At tines, yes.

And you' ve got people going through there at all seasons of
the year?

Yes.

The residents taking a shortcut fromBaraga County to
Marquette using Triple A Road?

Yes.

You' ve got hunters, blueberry pickers, a |lot of people using
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the road; right?

Uh- huh; vyes.

And use of the road in existing conditions has caused sone
sedimentation in the river?

It's possible, yes.

Did you see the portion of the environnental inpact
assessnent that tal ked about sedinmentation that resulted
from I oggi ng?

| don't recall that part specifically.

Ckay. But you would believe that that could be the case;
right?

Certainly.

And now as part of the mning pernmt, Kennecott is required
to do numerous things to control erosion and fugitive dust.
Now, one of the things that they're required to dois to
wat er the roads?

| understand that, yes.

And that's not being done right now?

Uh- huh (affirmative).

Ckay. And so that's going to control the dust fromthe

roads?
It will help.
You understand that trucks leaving the area -- well, let's

get into sone of the fugitive dust types of protections that

the permit requires. Trucks |eaving the mne have to be
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washed before they | eave the m ne?

Yes.

Which is going to hel p reduce the dust that they acquire
while on the mne site; correct?

Yes; yes. Dust is not a mmjor concern of mne.

Well, | thought that was one of the things that you
ment i oned.

It's one. |It's one, but groundwater is a much nore severe
concern.

Now, and those trucks that are leaving that are |loaded with
the rock containing the ore, those have to be covered under
the pernmit; correct?

Yes.

And as far as the acid mne drainage, in your previous
experi ence where you' ve been involved with mnes that have
had acid m ne drainage, did those m nes have |lined areas to
store the rock or the ore?

It's been many years since that, but | do believe they did,
yes.

Well, you understand that this --

As a Superfund site, | think they were required to, you
know, as the renediation

After the fact?

Yes, after the fact; yeah.

But not during mning operations?



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

o » O >

o >» o > o » O >

1115

Right. No; no, not during.

Ckay. And you understand that during mning operations
Kennecott in its rock storage area is required to have a
l'ined --

Yes.

-- area to keep the ore in?

Yes.

Ckay. To prevent acid mne drainage fromentering the
environnent; correct? That's the purpose?

That's t he purpose.

And they're required to have that area covered --

Yes.

-- so that it won't be exposed to air and rain; right?
Ri ght.

They're required to nonitor that area for sulfates?

Yes.

And they're required to have a quality assurance, quality

control programto nmake sure that all of those things are

wor ki ng?

Yes.

Now, again, as to the dust, there will be no mlling on
site. There will be a crusher; you understand that?
Yes.

And that crusher is going to be in an encl osed buil di ng;

right?
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Yes.

Ckay. And there's going to be a bag house; right?

Yes.

And they're to inspect that bag house regularly; correct?

| understand that, yeah.

And do you understand that when they transport the ore that

in addition to having the trucks washed and covered t hat

they are to nonitor the roads and i nspect the roads for

spil | age?

Yes.

Now, you had tal ked about that the water was a big deal or
bi gger deal than the dust?

Uh- huh (affirmative).

Are you tal king about water that will be vented back out?
I"mtal king about the water that is being deprived. |'m
tal ki ng about wetlands that will be deprived of their water

because of Kennecott's attenpts to contain that water for

treat nent.

Ckay. So you're tal king about the water on the Kennecott

site; right?

That's correct.

You understand the Kennecott site is |located away fromthe

wetl and; right?
| understand that.

Now, as far as nonitoring requirenents,

according to the

a
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permt, you understand that outside of all of the catch
basins they're to have nonitors to detect |eaks?

| can't renmenber if | read that or not.

Ckay. Do you understand that they're to nonitor groundwater
quality?

Yeah, | do renenber reading that.

You understand that they are to nonitor the flow of water
from nm ne dewat eri ng?

| do recall reading that. But, again, you know, by the tine
you catch sonmething that's wong, it's too late to fix.

Well, let me ask you this, Doctor: Have you ever seen a
nne in your experience with these types of pernit
requirements?

| have not, but | --

And so you don't know about the effectiveness of these types
of requirenents, because you've never seen it before;
correct?

Not in the context of mnes, but | have seen instances where
i rreversi bl e danmage occurred to wetlands as a result of
underground activities nearby and that that -- and that that
damage occurred it is scheduled that is not conpatible with
the nmonitoring schedul e proposed.

Back to the nonitoring, Doctor, now, you understand that
Kennecott is to nonitor surface water in order to protect

the fish and aquatic species; correct?
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Yes.

And that they are to nonitor all the water punped fromthe
rock storage basin; correct?

Uh-huh (affirnmative).

Because they're nonitoring sulfates and --

Yes.

-- acidity?

I recall that.

Ckay. And all of that water will be punped to a water
treatnent center?

Yes.

And do you understand the ins and outs of the water

treat ment center?

| don't. | understand that testinmony will be presented at a
later tine on that.

Ckay. But do you understand that by the time the water gets
done in the water treatnment center that it will be of
drinking water quality under M chigan standards?

I don't know that as a fact.

You understand that that's what's anticipated and required

by the permt?

Yes; yes. | think | do renenber reading that.
And, now, do you understand -- and this relates to the
wetlands -- is that Kennecott is required to nonitor flora

and fauna in the area of the mne site; correct?



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

o » O r»r O »r

| don't recall reading that. But |I'Il accept that it's in
t here.

Now, do you recall reading that Kennecott is required to

i nspect the narrow | eaf gentian plants --

| do.

-- that exist on site?

Yes.

And the narrow | eaf gentian is a threatened plant?

Yes.

Ckay. And Kennecott has gone to great lengths to identify
the popul ation of narrow | eaf gentian that exist near the
project area; right?

It has identified and mapped them

Ckay. And under the permt they are required to have no
di sturbance within 66 feet of any gentian plant; correct?
That's correct.

And al so under the pernit Kennecott is required to nonitor
the water level within the wetland; correct?

Correct; yes.

And when that water level falls below six inches of where it

woul d be normally, they're required to take action, aren't
t hey?

Yes. They should go to weekly nonitoring then, yes.

And you understand, as we've tal ked about this already, that

fluctuations in water level in these wetlands vary
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the area; correct?

Yes; yes. By "fluctuation,” | nean in an up, you know -- up
one year, down another year as opposed to a unidirectional
drawdown over nany years.

Well, certainly with respect to the precipitation dom nated
wetl ands you'd agree with ne that -- and | think you did --
that they can vary fromtwo to three feet within a regul ar
season; correct?

That's correct.

Now, as far as toxicity and chemicals, Doctor, are you a

t oxi col ogi st ?

| am not.

And so | take it you have no opinion, no expert opinion, on
the anmbunt of chemicals that may be enmitted fromthe plant
and the particular effects they may have on any species
around the site or in the area; correct?

| can only speak in ternms of potential that, you know, there
certainly is a potential within a mning operation for that
sort of thing. But I don't feel qualified to speak to
speci fi cs.

And, Doctor, one of the first areas that | went over with
you is that wetland types and the effects of stressors on
wetlands will vary region to region; correct?

Yes.
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And that's because of those factors we tal ked about; soil,
precipitation, climte, hydrol ogy; correct?

Yes.

And you testified here today that you did not do a hydrol ogy
assessment of the area; correct.

Correct.

And your assessnent of this wetland area was limted to a
few hours of observation on one day; correct?

Correct.

MR. PREDKO  Thank you, Doctor.

MR. REICHEL: Dr. Adanus, ny nanme i s Bob Reichel

| represent the Departnent of Environnental Quality.
have, | think, | hope, just a couple of questions.

CROSS- EXAM NATI ON
REI CHEL :
On direct exam nation, sir, you were asked some questions
about your review of sonme aspects in the mning permt
that's been issued here, --
Yes.
-- and specifically as they relate to hydrol ogi ¢ nonitoring;
do you recall testifying to that?
Uh- huh; vyes.
| just want to nmake sure | understood your testinmony. Is it
your belief, sir, that the schedule provided in the permt

for hydrologic nonitoring of the site is limted to nonthly

1121
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or possibly weekly nonitoring?
That' s ny under st andi ng, yes.

MR, REICHEL: Would you please bring up
Respondent's Exhibit 117 of the nining permt, and
specifically the portion of the permt that is headed
"Special Conditions,"” and then within that section of the
permt page 17? | apologize for the delay, sir. Now, I'd
note for the record |I've just projected up here sonething
that has the highlighting and that circle, sir, and not part
of the original exhibit. I'mjust doing this in the
i nterest of expediency. Bear with ne.
I"mgoing to direct your attention, sir, I"'mgoing to
represent to you that this is a page 17, showed at the
bottomthere, of the permt under Special Condition L, and
specifically Special Condition L4, states,

"The pernittee shall nonitor groundwater and
wet | and el evati ons throughout the life of the mine and
do watering operations and shall report the data to the
MVWU supervisor in a quarterly for the follow ng" --
"for the following wells and piezometers." Directing
your attention to condition 4a, it states that, "Daily
neasurenments shall be taken by transducers placed in
certain wells identified there.”

Do you see that, sir?

| do see that.
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And then it goes on to talk -- in addition to that, it talks
about nonthly neasurenments and piezonmeters actually in the
wet | ands; correct?
Yes.

MR, REICHEL: That's all | have.

MR. DYKEMA: Chris, can you put back up that
sensitivity factor that you had on the screen?

REDI RECT EXAM NATI ON

DYKEMA:
Dr. Adamus, we're | ooking at what | ooks to be a page froma
Power Poi nt presentation with the title "What Mkes Sone
Wet | ands More Sensitive"?
Uh- huh (affirmative).
M. Reichel asked you some questions about this. Do you
recogni ze this?
Yes, | did.
What's it fron®
It's froma presentation -- well, |I've given the
presentation several tines. But in every case, it was in
t he context of surface water runoff to wetlands from
agricultural or urban devel opnent.
Do the factors identify here apply to the issues raised by
the Eagle Mne? And if they apply at all, do they in any
way weaken the conviction with which you hold the opinions

you' ve expressed here today?
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Yeah. | don't feel that it weakens ny conviction, because
these were taken in the context of all wetland types

t hroughout the United States, and in specific reference to
agricultural and urban runoff. | do believe that these are
the inportant factors in that context.

Counsel for Kennecott al so asked you whether your assessnent
of the wetlands at issue in this case was linmted to a few
hours on a single day. Now, when |I asked you early on what
the basis for your opinions was, you didn't nention the fact
that you'd visited this site. To what extent, Dr. Adanus,
was your wal ki ng around and taking a | ook at the site of
this proposed nmine the basis for the opinions you' ve offered
t oday?

It was only a very mnor part of ny overall opinions.

Does the fact that the permt requires daily neasurenents in
a few piezoneters change your opinion at all as to the

l'i kel i hood that wetlands in the area of this mne would be

i mpai red or destroyed?

It does not change that for two reasons: One is, if |

recall the codes for those mines that are being -- for those
wells that are being nonitored daily, those wells are not in
wet| ands. Those are |located in non-wetland areas. And
secondly, as | indicated earlier, | believe there are

i nstances when even daily neasurenment of water |evels may

not detect a severe and catastrophic drop in groundwater
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level in a |local area.

MR. DYKEMA: Thank you, Dr. Adamus. And, Your

Honor, | thank the Court for indulging us in trying to get

M. Adamus on his plane.
JUDGE PATTERSON:  You're wel cone.
MR. PREDKO. Just a few.

RECRGOSS- EXAM NATI ON

PREDKO!

Dr. Adamus, those factors that are still up there, --

Yes.

-- those factors would still apply generally to any wetl and

that you're going to assess, wouldn't they?

| don't agree with that. As | indicated, they -- | fee
they apply nost definitely to wetlands subjected to
agricul tural and urban runoff.

You don't think that any of these factors are inportant
her e?

Sone of them may be, yes.

You certainly in evaluating any wetland woul d eval uate
whether it had an outlet, wouldn't you?

| woul d consider that, yes.

Ckay. And you would certainly evaluate the size of the
wet | and, woul dn't you?

Rel ative to the size of the project, yes.

And you would also -- we've covered this -- you would
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eval uate the soil, because that determ nes what type of

wetl and and the effect stressors may have;

That's correct. | would -- | would consid

correct?

er al

of these,

but in the case of the nining project which could effect

under ground, you know -- the groundwater |
conpri se perhaps 10 percent of ny overal

project in its sensitivity.

evel, these woul d

eval uati on of that

Al'l of these, though, now you said you woul d consi der;

right?
| woul d consider them yeah

MR. PREDKO Ckay. Your Hono
mark this one as a denonstrative exhibit.
Intervenor and offer it into evidence.

MR. DYKEMA: No objection.

MR. REICHEL: No objection.

JUDCE PATTERSON:  Al'l right.
w || be entered.

(I'ntervenor's Exhibit 597 rec

And, Doctor, you had talked with nme before about this idea

r, just

I'd like to

It would be 597

No obj ecti on.

ei ved)

of surface water runoff being changed or interfered with

because of the mine. And | put up on ther

e what

bel i eve

is part of the nining application which shows the area of

the wetl ands here (indicating); right?
Yes.

And al so shows the proposed facility here?

kay?

It
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Yes.
Al right. And this is what you're tal king about is
Kennecott is going to contain, according to the permt, all
of the water that falls within the facility because they
want to run that water through the water treatnent center to
ensure that none of the particulates or dust get out into
t he at nosphere?
Correct.
Ckay. And that's the effect on water runoff that you're
tal ki ng about; right?
Correct.
Ckay. Now, Doctor, you have done no hydrol ogy assessnent of
the area, have you?
Correct.
Al'l right. You have no idea, then, how much of the water
that falls here ends up in these wetlands, do you?
Correct. | would have expected that from Kennecott.
Ckay. But you yourself --
| have not done it.
-- have no idea about whether there's any runoff that cones
fromthis area and goes into the wetlands; right?

MR. DYKEMA: Referring specifically to wetland
nunber si x?

MR. PREDKO No. Referring to the wetlands here

in this area.
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MR. DYKEMA: But not the wetland i mrediately to
the south of the facility?
This wetland here, it's -- | see the possibility, but |
woul d need to review topographic maps first.
And so, Doctor, today sitting here you don't have any way to
gi ve an opi nion on how much runoff will be interrupted from
any of the wetlands; correct?

It raises ared flag for me, but | can't give you a

n "

definitive, "yes," how nmuch runoff would be effected.

Because you haven't done the assessnent; right?

Correct.
MR. PREDKO Thank you.
MR. REICHEL: | have nothing further. Thank you.
MR. DYKEMA:  Not hing further, Your Honor. And

agai n, thank you

JUDGE PATTERSON: Thank you, Doctor. Break for

| unch?

MR. PREDKO. | think so, Your Honor.

JUDGE PATTERSON: Ckay. Let's cone back at 1:00.
It's almpbst -- or 2:00, | nean.

(O f the record)

JUDGE PATTERSON: Wl cone back

MR. HAYNES: Your Honor, before we get started
with the next witness, Petitioners have several notions that

we would like to raise based upon the testinony that
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occurred | ast week.

JUDGE PATTERSON:  Ckay.

MR. HAYNES: And so let ne give themto you as
deliberately as | can. First Petitioners nove for a
perenptory denial of the pernit, because it's clear fromthe
testinony | ast week both from M. Parker and Dr. Bjornerud
and Dr. Vitton and also fromDr. Blake that the DEQ did not
have all of the core sanples or core photos for this project
to review as part of its review of the Part 632 permt. W
think that |lacking that data, it is inpossible for the DEQ
to have fulfilled its duty under Part 632 to properly review
the pernit. And for that reason, we think that the permt
ought to be perenptorily denied.

Second, in the alternative, if this Tribunal does
not perenptorily deny the Part 632 permt, we ask that the
Tribunal -- that you bar Kennecott and the DEQ witnesses
fromtestifying regarding rock nechanics to the extent that
such testinmony will rely on core -- cores or core sanples or
core photos that have not been disclosed to us. And from
what we can count, that's about 101 cores. W heard
testinony |ast week fromDr. Bl ake that he had revi ewed
three cores. And M. Reichel's disclosure on April 1st
i ncl uded photos fromthose three cores. And M. Reichel's
disclosure in -- on April 1st included photos fromthose

three cores. But those three cores were not nmade avail abl e
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to us before April 1st to review unlike the other eight that
our experts reviewed. So we think that it would be
prejudicial to allow witnesses for either the Respondent or
the Intervenor to testify regarding anything relating to
those at | east 101 cores w thout our having a chance to have
revi ewed them

Third, because of these non-disclosures, we think
that this Tribunal should infer that the data fromthose 101
cores ought to be -- we think that the Tribunal should rule
that the data fromthose 101 cores havi ng not been discl osed
woul d support Petitioners' positions and should be held to
be detrinental to the position of the Respondent and the
I nt ervenor.

Fourth, we renew our request for discovery of the
ability to look at the core -- ook at the cores, exam ne
them pick themup, feel themand, to inject Parker's words,
even taste them W renew our notion for discovery to
review the photos of all of those cores assuming that they
exist. W renew our request to inspect the drillers' |ogs
that we believe exist so that we can properly prepare for
the testinony -- the expected testinony of the witnesses for
I ntervenor and for Respondent.

Fifth, we request -- follow ng the schedul ed
wi tnesses for this week, we request an adjournnment for a

chance to carry out these inspections if this Tribunal would
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to I ook at the photos, inspect the cores, inspect the
drillers' I|ogs.

And lastly, not by way of notion but way of
clarification, Petitioners want to clarify that their
stipulation to admt the mning application, the groundwater
application -- excuse ne -- the Part 632 application and the
Part 31 applications and their supporting docunents that our
stipulation that those be adnmitted be -- is that they be
admtted only for the purpose of showing that they were, in
fact, submtted to the DEQ for its review and not for the
substance that's contained in those docunents. Thank you

MR. WALLACE: May it please the Court, on behalf
of Huron Mountain Club, let nme just add to this and maybe
make a friendly anendnent to part of the nmotion. And I'I|
start with that. The problem we have and your Honor saw it
repeatedly | ast week is that, after we were deprived of the
opportunity to see these cores and the photos of these cores
through FO A and so forth and after your Honor rul ed because
of tinme constraints about discovery, the thene of
cross-exam nation and the defense to our petition |ast week
relied heavily on what our experts were unable to see. And
so we ended up with an extrenely tilted playing field as the
hi dden ball was the subject of what our own experts were

unabl e to opine about. So not only did we |ack the basis to
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expand upon very strong opinions, but an enornous effort was
made to underni ne the opinions that were given based on sone
nearly 100 core sanples that our experts were never all owed

to see. And that was terribly unfair and is prejudicial to

us.

So ny friendly anendnent is that, in the event
that your Honor chooses not to perenptorily reverse and
allow this process to go back to square one and be done
properly, allow the MDEQ an opportunity to review the cores
it's never seen so that the grant or denial of a pernit the
second tinme around is based on this extrene -- l|arge
abundant supply of highly rel evant evidence, which both
si des concede is relevant, us through our experts and them
through their cross-exam nation of our experts, this would
all ow the process to be back on track if we go back and do
it with the DEQ s opportunity to review the cores and then

see if they would grant this permt.

1132

But in any event, not only should -- if your Honor

chooses not to issue a ruling to that effect, not only
shoul d Respondents be precluded fromoffering evidence and
testi nony based on those cores, but they should be precluded
from argunent based on those cores and any further
cross-exam nati on based on those cores. And the

cross-exam nation that they've conducted should be stricken,

because it's completely unfair for us who have been in the
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position of a substantially reduced availability of key

critical evi

dence that's being used agai nst us.

In all other respects we support the noti

by M. Haynes.

MR. EGGAN: Your Honor, Eric Eggan for th
Keweenaw Bay | ndian Community. | would echo the thoug
brot her counsel on this issue. These were -- these we

ons made

e

hts of

re

itenms that were requested specifically of Kennecott and of

the MDEQ and they were not provided to the parties in

case. And i

t becane absolutely evident and clear |ast

just how inportant they are in this case. It relates

stability of

relates to t

that crown pillar. It relates to safety.

he geology at the site. It relates to the

hydr ogeol ogy of the site. So this information is abso

essenti al .

this
week
to the

It

lutely

And not only was it not given to us, it was not

given to us intentionally because they felt they didn't have

to. Your or

der on discovery said the following. "It

hard to i magi ne that nmuch is unknown at this point or

anyt hi ng exi

sts that cannot be dealt with through

cross-examnation.” And it's absolutely clear nowin

instance that this is unknown i nfornmati on that cannot

possi bly be

dealt with effectively through

cross-exam nati on.

to the Court

And so | would join in the notion, and |

-- add to you and add to the notion that

is

t hat

this

woul d add

t he
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request for an opportunity to discovery this information is
essential. And frommy perspective, the proceedi ngs can
probably end tonorrow and give us two weeks to linmit this,
and we'll cone back after having an opportunity to | ook at
these materials. But, Judge, it's only fair to the
Petitioners who are making a legitimate and strong chal | enge
to these pernmits that we be given this kind of critical

i nformati on.

MR. LEWS: Your Honor, Rod Lewis again. Let's
see. |I'Il try to take themin order. | guess, as
understand it, all of these sonme four or five notions are
based on the Petitioners' clains that they are unfairly --
have not been able to see the cores. So | guess we ought to
start with when did they request the core sanples? They did
not request themthroughout the |ong DEQ permt review,
public comrent, public neetings and so forth process, which
took a nunber of years. They did not request to see the
cores until, as | understand it, February of this year
which was -- | believe the petitions were actually filed by
the Petitioners in Decenber |ast year. They never presented
this Court with a narrow request to see the cores in their
notion for discovery but rather presented this Court with a
broadly based notion for essentially total discovery of any
and all information they might seek to review through

witten Interrogatories, through depositions, through

1134
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successi ve rounds of depositions and docunent discovery and
so forth. So this Court has never been presented with a
narrower notion than that until this day, now six weeks into

this hearing. | think that's sone rel evant background.

Secondly it strikes ne also, your Honor, that this

matter -- this characterization of the [ack of these

physi cal sanples in the DEQ s files and therefore avail able
by FO A or otherwise fromthe DEQ | think, nust be akin to
simlar situations in probably the najority of cases
concerning the DEQ that come before this Tribunal. | would
think it's nore conmon than not that, when you're dealing

wi th vol um nous data concerning the physical characteristics
of things that it is presented through reporting. And
that's the case here. The data on the 100-sone cores that
the Petitioners have just spoke about is reflected in the
CGol der reports as we have | ooked at already in this
contested case. Petitioners' Conplaint, as | understand it,
is that they feel it's unfair that they're confined to the
data in the reports which were submtted as required by | aw
to the DEQ as part of the proper process as governed by the
rel evant regulations. And | submit to you that's the nornal
course in nearly any case that cones before this Tribunal
Are we now to demand that every soil sanple that was taken
in connection with Kennecott's background environnent al

studies for this project be physically brought into the
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courtroom and nade avail able for inspection? Are we going
to demand that in any other case that comes before this
Tribunal? Are we going to denmand that all the water
sanpl es, the data for which is summarized in all these
reports as is the normal course, be physically brought in
and nmade available to the Petitioners to exanm ne? Air
sanples likewise? So | think they are trying to draw a
dramatic distinction here where no distinction can be nade.

Part of the relevant background perhaps that the
Court nmay or may not be aware of is that, after denial of
the very broad notion for discovery by the Petitioners, the
denial by this Court, they did seek interlocutory review.
That was not successf ul

So | think it's not appropriate for Petitioners
to, in effect, renew a notion for discovery that they
brought a long tinme ago whi ch was deni ed whi ch was the
subj ect of interlocutory appeal and now apparently seek to
renew the notion on the basis | have just described with --
you know, the upshot being that they're demanding a -- |
forget -- one or two weeks additional delay in these
proceedi ngs now i n which there's already been too nuch
del ay.

As to the alternative that the Kennecott and DEQ
wi tnesses be barred fromtestifying, again the data is in

the reports. Unless we treat this case very nuch
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differently than | assunme a | ot of cases that cone before
this Tribunal, there is no basis in law for that. There's
no basis in law for the requested second alternative, sone
ki nd of adverse inference that the 101 cores or the ones
that the Petitioners did not have physical access to sonehow
supports the Petitioners' positions because again the data
is presented in the reports to the DEQ The Petitioners
have been provided with that data through FO A's and ot her
net hods as is typically the case in these proceedings.

The Petitioners' notion to apparently --
apparently they want to withdraw their stipulation to the

adm ssibility of the mine pernit application materials, the

groundwat er di scharge pernmt materials, | assune the

envi ronnent al i npact assessnent. | haven't heard any basis
for that, your Honor. | think it's prem sed on the sane
argunments for which I don't think there's -- there are any

grounds. Thank you

MR. REICHEL: Yes. Thank you, Judge. First of
all, with respect to the Petitioners' motion for perenptory
denial of the permt, | don't believe there is any | ega
basis for that whatsoever. Wile it's true, as you well
know, Judge, that the Petitioners spent a considerable
anount of tinme in their public conments and then in the
testinony offered | ast week in a highly detail ed revi ew of

rock core sanples or photos of the same. And they obviously
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are of the viewthat they are of central inportance in this
case just to ground this proceeding in the |aw that governs
it. Neither Part 632 nor the Part 632 rules request nor
woul d they be expected to require the Agency to physically
obtain all physical or geophysical data collected by
sonmebody that ultimately fornmed sonme part of the basis of a
nodel i ng exercise and a permit application. The sinple
fact, Judge is, the fact that the DEQ did not have physi cal
possessi on of cores or photos of cores or for that natter
drillers' | ogs does not by any stretch of the inmagination
establish that the Agency was without a basis to review the
permit based upon the application subnitted and additional
review of that as the Court has heard fromtestinony by
outside consultants. So | think that, on a | egal basis,

that's just specious.

Wth respect to the contention that the DEQ has

hi dden the ball or refused to provide data, | want the
record to be clear on this, and I think that it should be.
Wth respect to the photos of core logs, again | think the
testinony is clear that the Petitioner has got the photos of

the core logs for the eight sanples that you heard so nuch

about last week, not fromthe DEQ but fromthe DNR  The DNR

didn't have them So they didn't withhold themin response

to any FO A request by these Petitioners.
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Dr. Blake that, as a part of his review of this |last year he
requested and obtai ned from Kennecott photos of core sanples
fromthree borings. That's on the record. As counsel has
acknowl edged, that -- they were attached to an enmmil. W
didn't offer this as an exhibit, because we didn't feel it
was necessary to. But it was attached to an emmil dated
June 15th of 2007 from M. Donohue to WIson Bl ake
transmtting copies of photos of core logs that, as Dr.

Bl ake testified | ast week, he reviewed. This email and the
attached photos were -- | know for a fact that they were

di scl osed or included within a very large conpilation of DEQ
emails that | transmitted to counsel on April 1st of this
year as | believe M. Haynes has acknow edged. 1|'ve also
been advised that the sane email and attached photos were
transmtted to Ms. Halley of the NWF in response to a FO A
on January 9th of this year

So the suggestion that DEQ has sonehow hi dden or
wi thheld the limted nunber of core |og photographs that it
had in its possession is without merit.

But nore fundanentally | think the underlying of
each of these notions is mstaken. While the Petitioners
are free to argue that reviewi ng core | ogs or even possibly
drilling logs nay be relevant to sone issue before this
Tribunal, they are not, in fact, either legally or otherwi se

required to be -- that |evel of physical sanples data does
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not -- it's not required to be included in the permt
application. The fact that it was not does not call into
question the legality of the pernit that's been issued here.
So for that reason, | don't think that there's any basis for
this Tribunal to conclude that the decision to issue the
permt should be primarily perenptorily reversed or denied
based upon the fact that DEQ had in its possession only a
limted nunber of core photos, nor is there any basis for a
contention that the DEQ has wi thheld such information as it
had within its possession in response to Petitioners'
request.

Again | don't want to belabor this further. The
issues with respect to discovery have been nmade. That's

al ready been pursued unsuccessfully through interlocutory

appeal. | don't believe that there is a basis to either
suspend or interrupt this proceeding to -- for the purpose
of disclosing or providing copies -- either physical access

or copies of photos to Petitioners' experts. And |
certainly don't think -- just as there is no basis to -- for
the contentions that the absence of these docunents or
materials fromthe DEQ permt files renders the permt
invalid. There's no certainly no basis for the suggestion
that sone adverse inference should be drawn with respect to
the Respondents' position on the issue of prem se puller

stability because those particular core photos and drillers’



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

| ogs were not physically in the possession of the DEQ

MR. HAYNES: Brief rebuttal, your Honor.

JUDGE PATTERSON:  Sure

MR HAYNES: First, in the Part 632 case, after
our pre-hearing conference -- our scheduling conference,
Petitioners, in fact, sent out discovery requests that were
targeted to these itens. It wasn't a general request. They
were targeted to itens. And I1'd like to revieww th the
Court those itenms. And this is in the discovery request
fromPetitioners in the Part 632 case dated February 21
2008. Item 7A requests all drillers' |ogs, notebooks, notes
and materials fromand related to the bedrock drilling cores
at the proposed Eagle mning site; itemC, drilling cores
related to Kennecott's mne permt application for the
proposed Eagle Mne; ItemJ, geologic | ogs used by Kennecott
and its consultants; itemlL, all drilling |ogs years 2001 to
2005 used to generate the computerized nodel GoCAD present ed
in appendi x C2 and C3 including both the field notes and the
subsequent conputer geologic logs; itemM two Mcrosoft
access dat abases pre-2004 with 43 holes and 2004 with 49
hol es which contain the exploration drilling information
that were listed as the phase one study; itemN, the 2005
access database with the 109 holes cited in appendix C3
known as the phase two assessnment data; item O the separate

dat abase or tabl e of databases of structural features al so
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referred to as discrete features and referenced on page 13
of appendix C2; item Q conputer algorithnms used to

cal cul ate the Rock Quality Designations and Rock Mass
Ratings referenced on page 5 of appendix C2 and in Table 1,
borehol es used in the GoCAD nodel. Those are pretty
specific. Those aren't general; those are specific. So we
have targeted discovery tested here.

Secondly M. Lewi s says that the data are all in
the reports. And, in fact, we've found out thus far that
the data are not in the reports. The data that we requested
in our discovery requests are found nowhere in the reports
except summaries. And we can't cross-exam ne those
summari es without the underlying data.

So for those reasons, | think that M. Lew s’

responses are unavailing. Thank you

MR, WALLACE: | just have one addition brief word,
your Honor. First of all, M. Blake and others testified as
to the inportance of these drilling logs. This is a case

that centers very nmuch on water and water | oss fromthe

Sal mon Trout River into the area that's intended to be
mned. And we learned in the testinony |ast week that
drilling logs reflect, whenever there's a water loss in the
drilling process, that that water is going into the crevices
and fissures of the rock that's been drilled into. This is

extrenely inportant information in ternms of what this case
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i s about.

Secondly, M. Lewis' litany of our parade of
horribles, all the other things that we m ght have asked
for, could ask for, tests that could be sent for, we're just
asking for drilling information now. W' re not asking for a
whol e range of additional kinds of sanples at this point.
This is extrenely targeted to the case at this point. And
I"'mnot the nost experienced environnmental |awer around,
but ever since my first contact with practicing
environnental law, it's been conventional with the DEQto
split sanples of the very things he says we shouldn't be
able to get sanples of. You split sanples of water. You
split sanples of soil. This is convention in making sure
that both sides have equal opportunity to data from day one
when the DEQis involved. And that's the way it's always
been done. This is a mning case of sanples of core rock
It has not been part of the history of anybody's
envi ronnent al experience. But we're there now W're
having a m ning case. And just as water sanples are
conventionally split in contam nation cases, core sanples
shoul d conventionally be nmade to all parties involved in a
nmning permt case. And this is the opportunity to announce

that rul e.

Finally, it nmust be obvious. It will be terribly

disruptive to us to interrupt our case now. W have
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Wi t nesses here. W' ve been putting on our case. And | hope
it's reflective of the sincerity of these notions that we're
willing to do that and set out case back substantially
because this is so inportant to us. And we hope your Honor
will grant the notions as nade. Thank you

MR. EGGAN: | would add, your Honor, just the fact
that, while Kennecott would like to continue to nake this
case |i ke sone other groundwater case that you may handl e
through the course of the work that you do, this is the
first of its kind under Part 632. And, yeah, there nay be
soi|l sanples, there may be water sanples in other cases.
But if you recall what M. Parker said, this is the roof
over the head of the mners. And so this is a critical
safety issue. And we should be able to exam ne that safety
i ssue and get a good understanding about it. It really goes
tothe -- we're tal king about core sanples. But this
request goes to a very core of why we are here. W are here
because we want to explore in a neaningful way the basis for
this permt. And you have the unique authority to give us
the ability to explore it in a meaningful way. And that is
what we are asking you to do is give us the opportunity to
explore a critical issue in this case, extrenely rel evant
across the board to the Part 632 pernit, the Part 31 permt.
It's relevant to all issues. And we would -- |I'Il echo what

M. Wallace says. This is an extraordinary request. But we
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believe that it is an extraordi nary request based on

extraordi nary circunstances.

this request.

MR. LEWS: Just one final thing, your
think final. | think at bottom again,
opportunities to request
process and the public conment process.
They coul d have brought a notion before this Court

that was nore narrow y focused.

They did not do it.

Petiti oners had

information in the permtting

1145

And we'd ask that you grant us

Honor -- |

They did not do it.
initially

The

problemis that Petitioners are now essentially renew ng a

notion for discovery.

And it's sinply too late to be

entertained at the outset and particularly in a forum and

under rules in which discovery is not generally conduct ed.

Thank you.

MR. REICHEL: |'ve nothing further,

JUDGE PATTERSON:  Anybody el se?

MR. HAYNES: Nothing further.

Judge.

JUDGE PATTERSON: Before | rule on this, |

take a few m nutes to organi ze ny thoughts.

take a short recess.

(O f the record)

want to

W're going to

JUDGE PATTERSON: Before | rule, let ne ask a

question. |I'ma little unclear as to the change in the

stipulation regarding the application. | think it was

characterized by M.

Lewi s as being a w thdrawal

of the
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stipul ati on?

MR. HAYNES: No, we're not wi thdraw ng the
stipul ati on, your Honor.

JUDGE PATTERSON: | didn't think so. | --

MR, HAYNES: W're clarifying it. W' re going
to -- our stipulation is that the application and the
envi ronnent al i npact assessnent and their appendi ces and al
the materials that relate to the application in EIA -- we
will stipulate that they were filed with the DEQ but we are
nodi fying the stipulation such that we are not stipulating
to the truth of the contents of those docunents.

JUDGE PATTERSON: Well, | didn't interpret your
stipulation to be that in the first place.

MR HAYNES: Al right. Fine. But then --

JUDGE PATTERSON: That's my dil emma.

MR. HAYNES: | just wanted to nake sure that that
was cl ear on the record.

JUDGE PATTERSON: GCh. Okay. Al right. a

MR. HAYNES: Good. G eat.

JUDGE PATTERSON: First regarding the perenptory
denial. | don't see where | have any authority to do that.
Clearly under the APA a contested case presupposes a
proposal for a decision in witing in which findings of
facts and conclusions of |aw have to be made. Due to the

fact that the process presupposes that scenario, | don't see
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any authority for a perenptory denial. There have been a
nunber of notions for summary disposition made in this. |
suppose that would be available if there was no question of
fact, but obviously there are substantial questions of fact
at this point. | frankly just don't have authority to do
that, in ny opinion

Regardi ng the notion to prohibit DEQ and
Kennecott's witnesses from addressing the, if | can use the
term remaining core sanples, | don't think that's
appropriate at this point. W don't know what that
testinony is going to be. | think M. Reichel and possibly
M. Lewis too made a good point; that what we are dealing
with here -- and this also goes to the discovery request.
What we're dealing with here is what is required to be
submtted applicable in the Part 632 under the statute, the
contents of the EIA for exanple. And it's, | don't think
ei ther necessary or appropriate, in my experience in these
cases, for every underlying fact or detail of any particular
study of any particular witness be necessarily nmade part of
the record.

Qoviously, if -- and | think it's been argued and
will be argued in this case, that sonme of the subm ssions of
the DEQ were insufficient or not based on proper evidence.
That argunent is still open. And again for the reasons

articulated in the original notion for discovery, | don't
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see any conpelling reason at this point of good cause for
delaying this proceeding in the md stage of the

proceedi ngs, particularly given the mandat ed deadli ne of
resolution. So | will deny both the notion to prohibit the
wi tnesses fromtestifying, basically at this point, wthout
know ng what the testimony will be and, secondly, deny the
di scovery request.

Again, | don't think there's any good cause at
this point. Regarding the inference that the renaining core
sanpl es essentially be used agai nst the DEQ and Kennecott,
Adm nistrative Rule 59 only allows that sort of inference if
a party refuses to ban order for discovery under that Rule.
Qoviously in this case there has been no such order of

di scovery. There's nothing upon which to invoke that

inference, so | will deny that as well. Any questions,
comment s?

MR LEWS. No, your Honor.

MR. RElI CHEL: No.

MR HAYNES: No, your Honor.

MR. STAPLETON: Your Honor, WIIliam Stapleton for
Petitioner Huron Mountain Club. 1'Il be exam ning the next
W t ness.

JUDCGE PATTERSON:  Ckay.

MR STAPLETON: And Petitioners call Sub Vel to

t he stand.
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(Wtness sworn at this point in the proceedi ngs)
JUDGE PATTERSON: M. Stapleton, let ne ask before
we start, --
MR STAPLETON:  Sure.
JUDGE PATTERSON: Does this witness have any tinme
constraints, just so we can plan for the afternoon?
MR STAPLETON: | don't believe so.

W TNESS: No, sir, not today.

MR. STAPLETON: | think he can go past 5:00, if
that's --

JUDGE PATTERSON: O can you be here tonorrow
if --

THE WTNESS: Yes, | can be here tonorrow, yeah.

JUDGE PATTERSON: All right. GOkay. | just
wanted -- just so we know where we are at the end of the
day.

MR VEL: Yeah.

REPORTER: Wbul d you rai se your right hand,
pl ease? Do you solemly swear or affirmthe testinony
you're about to give will be the whole truth?

MR VEL: Yes, | do.

SUB VEL
havi ng been called by the Petitioners and sworn:

DI RECT EXAM NATI ON

BY MR STAPLETON
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Can you state and spell your nanme for the record, please?
My nanme is Sub Vel. The first name is spelled as S-u-b, and
the last nane is spelled as V-e-1.

And, M. Vel, where do you live?

| live in 790 West Castlebury GCrcle in Saline, Mchigan
And can you just briefly describe for the Court your

educati onal background?

| have a B.S. in civil engineering and a master's in

envi ronnent al engi neering from School of Mnes in Rapid
Cty, South Dakot a.

And what is environnmental engineering?

Envi ronmental engineering is a discipline that conbines the
aspects of science and technology to inprove the
environnent, including air, water based and soil

And did you have any area of concentration in your studies
at the South Dakota School of M nes and Technol ogy?

Yes. It's air quality and fate and transport of organic
cont am nants.

Can you give the Court a brief history of your enploynent,
pl ease?

From 1984 to 1990 | worked in the area of civil engineering
in the construction design. 1992 | started ny career as an
envi ronnent al engi neer with Beckler Consultants in
Farmngton Hills, Mchigan. And between 1996 and 2003,

wor ked as an air group conpliance specialist with Advanced
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Engi neering Sol utions in Canton, M chigan, and 2003 | j oi ned
CRA as an air group |leader. And 2007 | becane an associ ate
at CRA

And in the course of your enploynent, have you had a
particul ar area of concentration in your work?

Air quality is the -- is nostly what | dealt with.

And you have been enployed with CRA since when?

Si nce 2003.

And you are an air quality group |eader with CRA; is that
correct?

That is correct.

Can you describe for us sonme of the -- well, let nme ask you
this: As -- in the course of your work with CRA, have you
been involved in air-permtting projects for various

I ndustries?

Yes. Al my work is related to industries in air quality in
the State of Mchigan, Chio, Illinois, Texas, California,
Loui si ana and New Mexi co.

And, M. Vel, about how many air-permtting projects would
you say that you have worked on since you've been with CRA?
Bet ween 40 to 50 maybe.

Ckay.

Yeah. | don't renenber.

Ckay. And coul d you maybe describe the services that you

performin conjunction with obtaining an air permt for a
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particul ar industry?

Air permitting -- typical air permtting would involve --
whether it's a minor source or a nmjor source, nost of air
permtting would invol ve understandi ng the process

eni ssions; doing an enission cal cul ations, collecting

di spersion nodeling to eval uate the anbi ent inpact at inpact
for DSD and the National Anmbient Air Quality Standards. And
also in Mchigan we do M chigan air toxics analysis and best
avai l abl e controlled technol ogy analysis to nake sure the
controlled technology is technically econonically feasible
and finally apply for a pernit and negotiate the permt
condi tions.

Ckay. And can you give us sone idea of the range of

pol lutants that you have worked with in the course of your
work with CRA?

Criteria pollutants, different types of air toxics. Wen I

n

say "criteria pollutants," it will be relative of any
compounds; oxi des of nitrogen, sul phur oxide, particular
matter under 10 microns in sizes, |ead and any other toxic
contam nants, including heavy netals.

| believe that you nentioned in your description of the
air-permtting process that you engage in air dispersion
nodel ing; is that correct?

That is correct.

And can you just describe what that process entails?
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Air dispersion nodeling is typically required for an air
permt application. Air dispersion nodeling estinmates the
anbi ent air inpact and eval uates and predicts the ground

| evel concentration at specified receptor |ocations around

t he em ssi on sources.

Ckay. And how is that determined? | mean, what's -- what
goes into making that determ nation and prediction?
Perform ng air em ssion calculation using the em ssion rate
and net eorol ogi cal data fromthe nearest site. And also
there are other paraneters, including stack paraneters like
stack height, stack velocity, stack dianeter, exit
tenperature and nmany ot her different paraneters.

And is air dispersion nodeling perforned in conjunction with
every air permt application that you' ve been involved wth?
If it's a major source, yes; if it's a non-nmmjor source, on
a case-by-case basis.

Have you been involved with preparing Mchigan air enission
reporting plans for various industries?

Yes, | have.

And can you descri be what those plans are?

We have conducted annual em ssions inventory for major
sources and non-naj or sources and cal cul ated their em ssions
and prepared annual em ssions inventory and a MAERS program
M chigan Air Em ssion Reporting Systemprogram And al so, |

have devel oped an -- architected (sic) and devel oped an
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em ssion tracking software too that is being used by many
industries; a wide variety of industries fromtesting
facilities to surface-codi ng operations.

And you devel oped that software yoursel f?

Yes, | did.

And when did you devel op that software?

I n 1998.

And is that software currently in use by various industries
in connection with tracking air pollutants?

Yes; yes.

Have you engaged in any activities with CRA in the area of
envi ronnent al conpliance?

Yes, | have. There are nunerous conpliance audits for many
facilities: autonotive, food-processing industries;
suppliers; nmetal finishing operations. And | have done --
wor ked on the conpliance side in the field of scum water
pol I ution prevention plan preparations and integrated

conti ngency plan preparations and things of this nature,
yes.

And does your work in conjunction with Environnenta
Compliance Audits entail the study of air em ssions and air
quality fromvarious industries?

Fromair permtting standpoint and air conpliance
standpoint, yes, we did -- | did.

MR. STAPLETON: Your Honor, for the record, M.
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Vel's CV has been stipulated to as an exhibit, and that
is -- it is Petitioner's Exhibit Nunmber 129.

JUDGE PATTERSON: Thank you.
M. Vel, are you famliar with best professional practices
in the area of air quality analysis?
Yes, | am
And can you descri be what best professional practices would
entail in connection with obtaining an air permit for an
i ndustry in M chigan?
Basi ¢ understandi ng of the process of em ssions; doing a
detail ed eni ssion cal cul ations; considering the actua
enmi ssions and potential * 3:19:22; conducting air dispersion
nodel i ng anal ysis; conducting air toxics analysis; best
avai l abl e controll ed technol ogy anal ysis and in sone cases
| owest achi evabl e emi ssion rate analysis and finally
devel oping -- naking sure that it neets with all the
M chigan air pollution control rules.
And how | ong have you been servicing industries in M chigan?
Since 1992.
Now, you've nentioned air dispersion nodeling a couple of
times in your testinmony. There's also a function known as
deposition nmodeling; is that correct?
That is correct.
And can you just describe the difference between dispersion

nodel i ng and deposition nodel i ng?
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Deposition nodeling is conducted to estimte the anmount of
pol lutants deposited in the ground, and the software that is

used is the sane as the dispersion nodeling.

Ckay.
And the unit that the deposition nodeling -- results are
expressed in grans per neter squared per year. |It's nore of

a deposition flux.

And what are you attenpting to predict for the air

pol I utants when you engage in deposition nodeling?

There are two things. First is to get themin the extent of
deposition, and the second one is to deternine the maxi num
deposition rate at the * receptor 3:20:55.

And can you descri be the major conponents that are inputted
into an air deposition nodel to yield the results?

Just |ike dispersion nodeling, you input your em ssion rates
fromvarious sources fromthe facility, meteorol ogical data
like wind and precipitation. And you al so account for

your -- you figure out if you need to account for a wet
deposition or a dry deposition if you want a total
deposition. You also figure out if you need plune depletion
cal cul at ed.

And what is plune depletion?

When a nass of pollutant passes through an area, plune
depletion -- if you account for plune depletion, it

detects -- as the nmass of pollutant falls down and deposited
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in the ground, it detects the total amount of pollutant that
is deposited in the ground that's conserving nass.

And you al so nentioned anot her conponent, wet and dry
deposition?

Ri ght .

Can you explain that too, please?

Dry deposition is mainly fromthe particul ates as the
particles gets deposited, and wet deposition is mainly

rel ated to deposition that happens because of rain and ot her
precipitation such as show.

And you al so nentioned as a conponent a particle size
distribution. Can you explain what that entail s?

Every particle, if you look at a mass and then -- particles
have a distribution |like 10 mcrons, 7 mcrons, 6 mcrons.
Everyt hi ng has an aerodynam c particl e-size dianeter.
Deposition nodeling requires you to input those values into
the nodel so, based on the -- because the particles
deposited gets deposited because the gas velocity gets

| ower. And because of the gravitational -- effect of
gravitation, the particle falls to the ground. And also, in
addition to that, that is dry -- wet deposition that
happens. So particle size distribution is required to be
inputted into the deposition nodeling.

And how do you deternine particle size distribution for a

particul ar pollutant?
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In a typical case, you could do a * 3:23:26 anal ysis and
find out what the particle size distribution if have a soil;
right? But in a gas situation, you -- AP-42 has particle
size distribution for, in this case, unprocessed ore,

think it is in appendi x B2, where you can get the data and
use it.

Now, deposition nodeling obviously entails consideration of
weat her factors; correct?

That is correct.

And how is the neteorol ogical data inputted and consi dered
when you're perforning a deposition nodel ?

When you -- you process your meteorol ogical data -- let's
say that you obtain the data from-- in the case of
Kennecott, you obtain the data from Sawyer Air Force Base
for the year 2004 that the MDEQ obtained, and al so data was
obtai ned from Green Bay, Wsconsin. W process the data,
and then we use the data as one of the paraneters.

And so that would be in the case of Kennecott the actua
weat her data fromthe year 2004 --

That is correct.

-- from Sawyer --

= Air --

-- Air Force Base?

Yeah.

Now, once you've inputted all this data that you' ve just
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described into a deposition nodel, what is the next step in
the nodel i ng process?

Verifying that all the input paraneters are accurate, and
then you run the nodel and get your results.

And then what does the nodel yield? Wat sort of
information are you able to obtain?

You establish a grid size, and every grid nodal point gives
you a deposition rate in grans or mlligrans per neter
squared per year of deposition at every grid nodal point.
Let's say you have 1-Kkiloneter-by-1-kiloneter grade divided
it into 50-meter intervals, grid spacing. At every other
point it gives you what the deposition rate is.

The deposition rate for a particul ar pollutant?

That is correct.

Wthin a given area?

That is correct.

And what is the typical area that is considered in the --

the units of neasure in a deposition nodel ?

The unit of measure would be -- granms of pollutant deposited

first square neter of the area per year is the unit.

And what period of tinme does the typical deposition nodel
si mul at e?

Depends on the type of a project. In this project it is
very valid to use a one-year worth of data.

M. Vel, what were you asked to do for the Part 632 mning
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case?

Review the air permt application and cal cul ate, recal cul ate
the enissions; check the cal culations that is provided by
Kennecott.

The calculations in the air pernit application?

Air permit application -- and run the deposition nodeling
for copper and nickel.

And what nodeling software did you use for this particul ar
case?

We used nodeling software, which is an USPA approved, | SCST
3 nodeling software. That was used by both Kennecott and
MDEQ And the nobdel that's | SCST 3software that we used was
packaged by Lakes Environnental .

And is this software widely used in the industry?

Yes, it is.

And this software was used by MDEQ in this case to
deposition nodel pollutants fromthe m ne?

That is correct.

Can you tell us just briefly what docunents, you know,
overall that you' ve reviewed in this case in connection with
your testinony?

| reviewed Kennecott's air permt application and draft air
permt issued by MDEQ and final air permt and response to
comments prepared by MDEQ and al so Kennecott deposition

nodel i ng i npact anal ysi s dated Decenber of 2007.
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Did you review any part of the mning pernmt application?
Only fromthe process description standpoint and fromthe
poi nt of view of air permitting where | can gl ean sone
information out of it.

Can you just generally describe for us the air pollutants
that will be emtted fromthis m ne?

The majority of air pollutants in the particulate nmatter
and also | should say PMLO, because PMLO is a subset of
particul ate matter equal to or less than 10 microns in size,
which is a subset of PM And --

Let ne back you up a little bit.

Yeah.

You said "particulate matter."

Ri ght .

Can you just give us a general definition of what
particul ate matter is?

Particles -- particulate matter * 3:28:41 of in this case
many nmetals -- heavy netals and sulfites in particulate
form and particulate matter under 10 microns in sizes refer
to a PMLO, and a 2.5 mcron in sizes refer to a PM.5. And
particul ate matter enconpasses everyt hi ng.

And what is the significance of PMLO; particles 10 mcrons
and less in size?

PMLO and PM2.5 are criteria air pollutants, and that is

being regul ated internationally, being air quality
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st andar ds.

In addition to that, | nust say there are other

very not significant pollutants -- criteria pollutants. W

have oxi des of sul phur,

nitrogen oxi des, sone volatile

organi ¢ conpounds and al so a generator fromthe mne

operations due to fue

m ne heat ers.

that's being used in generators and

And are those also criteria pollutants regul ated by EPA?

That is correct; that is correct.

Now, there will be heavy nmetal em ssions fromthis nine
correct?

That is correct.

And can you describe for us the netals that will be enmtted

fromthis mne through the air?

Some of the major would be,

copper.

Yes.

In addition to that,

as you all know, nickel and

MDEQ has done anal ysis, deposition

nodel i ng anal ysis with nunerous other netals |ike arsenic,

cobal t,
but --
M. Vel,

manganese.

inreviewng the air permt application and then in

And | don't

remenber all the netal s

conducting your own cal cul ations, did you note any

differences in the nmethodol ogy for the deposition nodeling

enpl oyed by MDEQ as opposed to CRA --

Yeah.

can tell

you maj or
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-- in just -- in summary forn®

Yes; just sone major differences. Wen MDEQ conducted their
deposition nmodeling -- the report was produced in Decenber
of 2007 -- they considered two najor emnission sources. One
is vent raise. Another one is crusher building bag house.

If you | ook at the total anount of em ssion of copper and

ni ckel , that anmounts to about 70 percent of the total

em ssions of these netals. What CRA did, what we did was we
added coarse ore bins. There are two coarse ore bins and
two final bins, and that resulted in accounting for 97 to 98
percent of the emissions. Now, you may ask why we

consi dered -- NMDEQ considered two and we consi dered si x.

The reason being, if you considered all the sources that is
in the mnes that are insignificant sources and try to run a
deposition nodeling with plunme depletion. It nmay take
nont hs of conputer tine, and you may not get the results.

So we wanted to account for nost of the em ssions, and we
used 98 percent as a -- and we considered 70 percent, and we
consi dered 98 percent.

How is the difference in the nunber of sources considered by
CRA and Kennecott reflected -- howis that difference
reflected in the deposition anal ysis?

Because we considered -- these final bins and coarse ore
bins, they're volunme sources. And since we considered

those, the maxi mum deposition rate that we obtained at the
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property and closer to the property is a little higher --

when we di d copper, the maxi mum deposition rate that we

obtai ned through the nodeling is 71 -- | mght be wong.

I"mjust giving a nunber -- approximately 71.7 for copper
and 72.7 for nickel -- milligrans for -- m| squared per

year .

And that's considering the six sources?

Si X sources.

Ckay.

When NMDEQ consi dered two sources -- both are point sources,
which as toxin gets enmitted. The maxi mum deposition rate

that they got for copper is 1.12 nilligrans per square neter

per year, and for nickel they got 1.14 mlligranms per square

neter per year. So the difference on a maxi mum deposition
was in the order of about 64 tinmes just nmaybe on one

receptor or a few receptors. But we always | ook at the

nmaxi mum deposition rate and, when you conduct the deposition

nodel i ng, that was a difference that we obtained.

And the second issue is the particle size
distribution. When Kennecott's consultants conducted their
em ssion cal cul ati ons for underground mne area, they
consi dered a concept called gravity settling chanber theory.
It's a great concept. Gavity settling chanber theory
considers -- there are particulate natter that gets enitted

fromdifferent activities within the m ne. Not all of them
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gets emtted out through your mne vent raise, which has got
about 470,000 3:34:20 * coming out. Sone of them because
of a gas velocity, gets |lower when -- as it passes through
the mine, and it drops because of the gravitation.

When Kennecott conducted their -- Kennecott's
consultants conducted their analysis, they used all -- al
the particulate matter has a particle size equal to 10
mcrons in size. Wat is the issue in this? Particles have
si zes rangi ng bel ow 10 microns, which are lighter size --
lighter particles, and about 49 percent of them consists of
particle sizes greater than 10 microns, which are heavi er
particles. Heavier particles tend to settle nuch faster
than lighter particles so, by considering PMLO, certain
sources, we have underestimated the em ssions -- they have
underestimated the emi ssions in certain sources within the
underground m ne, and certain other sources they m ght have
overesti mated the m nes.

As we go through different exhibits, | can show
you what other differences -- which sources have
underesti mated the em ssions and which sources they have
overestimated their em ssions. And that's a second maj or
di fference between what we considered. W considered a
particle size distribution. Incidentally, you should al so
renenber that MDEQ when they did the deposition nodeling,

they considered particle size distribution fromthe AP-42
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for unprocessed ore.

So here is enissions com ng out of the mne, but
we considered all particles to be equal to 10 microns in
size as soon as it goes out. And in the deposition nodel,
we considered a particle size distribution there. So there
is alittle disconnect there. W fixed that issue in
everybody' s nodel .

Let ne just back you up for a minute. Can you rem nd us
what AP-42 is, please?

The AP-42 is the USCPA' s conpilation of the em ssion
factors, and we used -- everybody used first edition.

And was that part of the air pernmit application, AP-42

ref erence?

Yes; yes, it is; yes, it is.

And was that utilized by CRAin its deposition calcul ati ons?
Yes, it was used by CRA and Kennecott's consultants and MDEQ
when they review their application too. And third
difference would be silt content in the underground m nes.
When Kennecott did their cal culation, they considered the
silt content within the mne to be 1 percent. |f you |ook
at appendi x C, page 31 of the air permt application, the
cal cul ati on states that devel opnent rock mned ores --
tenporary devel opnment rock storage -- every one of those
rocks have a silt content of 3 percent and -- but that is

being referred in the permit application. But when the
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cal cul ati on was done, 1 percent was used. W fixed that.
We thought that is an -- that's an error, and we fixed that
i ssue.

And what's significant about the silt content, whether it's
3 percent or 1 percent? Wy does that matter?

When a vehicle travels through unpaved roads, for exanple,
outside -- right? -- | mean, if you have nore silt content,
nore em ssions occur; whereas, if you have less silt
content, you will have very little emnissions that occurs.
So dependi ng upon the ratio, here is 1 as to 3. And I'm
not --

So the higher the silt content, the greater the enissions?
Is that -- in essence?

That's correct; that is correct.

Was there any difference in the grid size that you

consi dered in your deposition nodeling as opposed to MDEQ
and Kennecott?

Yes. W considered a uniformgrid size of 40 kil oneters by
40 kil oneters, a total size of 1600 square kiloneters. And
therefore, to capture all the -- all the netals that is
emtted gets captured, and so we can estimate -- we can do a
type of a mass balance. And also, this is a uniformgrid,
and MDEQ used a smaller grid.

And so what is the end result when you're | ooking at the

final results for the deposition analysis between using a
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larger grid versus a smaller grid? | nean, what differences
are we tal king about in terns of what is depicted?

When you have a larger grid, we observed that copper and
nickel is the only two pollutants that we did the deposition
nodel ing on, and it spreads a lot farther than if you
consider -- the constraint of a deposition nodel is you --
the grid you choose is the one area it's going to depict
your concentration. |If you choose 10 kil oneters by 10
kiloneters, that is the area it's going to give you a
deposition on. So we considered a larger grid so we can
capture these pollutants.

And did your deposition nodel establish pollutants, netals
bei ng deposited across the 40-by-40-kiloneter grid?

Yes. There's a high concentration of deposition very close
to the property -- mne property, and then, as you nove
farther, the deposition concentration rapidly decreases.

M. Vel, you nentioned that you considered six sources for
copper and nickel emissions fromthe mne. Let's just |ist
what those sources were, if we could.

M ne vent raise, which has got different activities within
the mines, so there are drilling, blasting, devel opnenta
processi ng, backfill operations and work processing at two
different levels, level 293 and bel ow and 293 and above.
And | may have m ssed one or two.

And | didn't nean to interrupt you but, when you say "vent
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raised," what -- can you -- what are you tal king about?
The enissions comng fromthe mning operations from
under gr ound.

Em ssi ons generated underground com ng out through a vent
rai se?

Yeah, through --

That gets emtted into the air?

That is correct.

And about how tall is the vent raise?

| hope | renenber this. The revised one -- the revised --
based on the response to the comrent, | know it is about 65
feet.

Ckay.

Yeah. From 40 feet it was raised to 65 feet, | think

So we had the vent raise as one of the sources that you
consi dered?

That is correct. And the next one is the crusher building
bag house.

And what is that? Wat's its function with the m ne?

The ore when it cones in gets crushed in there and -- using
grizzlies. And --

And what's a grizzly?

A grizzly is a crushing machine. And that is in an encl osed
building, and it has a bag filter, and | think grizzlies

have their own bag houses associated with it so -- and we
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consi dered a crusher building bag house and --

And the other four sources?

Those are vol ume sources. Those are final bins -- two fina
bins and two coarse ore bins. And that is considered in the
permt application as what we consi der ed.

And of these six sources, which is the | argest source of
copper and ni ckel em ssions?

M ner vent raise -- mine vent raise is the | argest source
that accounts for 63 percent of the em ssions.

You nentioned that the vent raise em ssions are a conbi ned
result of various activities that occur underground; is that
correct?

That is correct.

And | think you listed some of those activities before: the
nm ne heaters, blasting; is that right? |Is that one of the

activities?

Backfill operations?
Backfill operations?
Ri ght.

Vehicle traffic?

Vehicle traffic, blasting; that is, production blasting;
drilling.

And devel opnent rock processing; is that --

Devel opnment rock processing.

Ckay. And did you conduct an emi ssions analysis for each of
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t hese activities?
Yeah. Kennecott's consultants conducted the em ssions
anal ysis, and we nmade -- we checked all these cal cul ati ons,
and we did the cal cul ati ons ourselves. So the nethodol ogy
of calculations, there is no change in the nmethodol ogy as
what CRA did versus what Kennecott's consultants did except
for considering the particle size distributions and silt
content and vehicle traffic.
So the enissions data that you anal yzed, was that all taken
directly fromthe Kennecott air application permit?
That is correct. It is in appendix C
Well, why don't we take a | ook at sonme of those activities
that we've been discussing related to the underground
oper ati ons?
Sure.

MR, STAPLETON: For the record, |'ve put on the
screen Petitioner's Exhibit 77N
M. Vel, first of all, did CRA prepare this exhibit?
Yes, CRA prepared this exhibit.
And did you personally verify all of the calculations in
this exhibit?
Yeah, | checked the cal cul ati ons.
And is that true for all of the CRA exhibits today? D d you
personally verify all of the cal cul ati ons?

Yes.
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Can you tell us what this exhibit depicts?

There are four propane heaters, and the loading rate -- the
heat input rate is 4 mllion Btu per hour. And we

consi dered the propane fuel usage, which gives you how many
t housand gal | ons per hour as the maxi num usage, and this is
the average usage -- in this case both are the sane -- and
the operating hours, and the em ssion factors from USCPA is
AP-42 and conducted the em ssion cal culations for PM And
we used average long-termemnission rate in our deposition
nodel i ng cal cul ation, and MDEQ, | think, used the sane
nunmber t oo.

M. Vel, | see over here, there's a short-termcal cul ation
and a |l ong-term cal cul ati on?

Ri ght .

Can you explain the difference in those cal cul ati ons and why
you use one over the other for deposition nodeling?

In this case a PT is the potential * 3:45:41. This assunes
that the heater will be running throughout the entire year
8,760 hours a year. This (indicating) gives you a
wor st -case emission rate, and this gives you an average
long-termem ssion rate. That'll be -- if you ook at it,
that' Il be no difference between what Kennecott cal cul ated
and CRA cal cul ated for m ne heater em ssions.

And what is the amount of PM em ssions in pounds per year

resulting fromthis activity?
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460 per year fromthe m ne heater. Please note, for al
these exhibits that you're -- that we have devel oped, this
is all uncontrolled em ssions. W used all these em ssions.
Then we went to a sunmary sheet where we consi dered
control |l ed enissions, which we considered a bag house.
Ckay. So these are all uncontroll ed enissions?
That is correct. These are all uncontrolled em ssions.
And was there any difference between your cal cul ations for
ni ne heater enissions and those done by Kennecott's
consul tant ?
| don't think so. This is exactly probably the sane nunber.
MR STAPLETON: |1'd nove to admt Exhibit 77N
MR. KOHL: Your Honor, rather than voir dire the
witness further, I'd like to deal with that on ny cross, and
then we can deal with adm ssion of these exhibits and cl oser
to my cross.
JUDGE PATTERSON: All right.
M. Vel, | have put on the screen which -- what is
Petitioner's Exhibit 77L, and it's entitled "Drilling
Em ssions.” Can you take us through these cal cul ati ons,
pl ease?
Yeah. The nethodol ogy is the sanme as what Kennecott has
done. W have considered average |ong-termem ssion rate,
and this calculation is done based on the ore processed and

based on the em ssion factors and nunber of days per year



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

that the building operations will occur. And Kennecott used
a settling emission factor of 0.43. And when we used a
particl e-sized distribution, we cane up with 0.3. So for
drilling em ssions, actually the emni ssions decreased from
what Kennecott had cal cul ated. So Kennecott estinmated the
em ssions to be 16 pounds a year, and we canme up with 11
pounds a year.

And can you describe the basic activity that's occurring
that's resulting in these enissions?

During drilling operations -- drilling operations within the
ni ne occur through track nmotor drill rigs. And nost of the
eni ssions are cal cul ated based on pounds of emi ssions per
ton of ore processed. This is an emission factor that is
right out of the AP-42, which Kennecott and -- Kennecott's
consultants and CRA used. And this is the total anount --
this is the average anmount of ore processed per year, and
this estinmates the total tons per day, and we calculated it
based on applying a settling emi ssion factor. W canme up
with 11 pounds a year.

And as | understand it, CRA utilized a revised settling

em ssion factor for this activity; correct?

That is correct. When Kennecott used -- Kennecott used an
enmi ssion settling -- yeah, settling enmission factor of 0.43.
That is considered all particles to be equal to PMLO. And

when we considered the revised, it dropped down. It came to
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0.3, and that reduced the emission for it by 5 pounds a
year .

And so you cal culated that there would be 11 pounds per year
of PMem ssions fromthis activity?

That is correct, uncontroll ed.

Uncontrol | ed?

Yes.

M. Vel, | put on the screen what is Petitioner's Exhibit
77H entitled "Level 293 and Above Emissions." Can you
descri be these cal cul ations for us, please?

Yeah. The mine -- the mining is going to happen in 10
production levels, and there are different ore-handling
activities that happen | evel 293 and above, and different

activities happen 293 and below. At any point of tine,

there will be activities that you can -- either activities
wi Il happen in 293 and above or 293 and below. So you
take -- you do the calculation for 293 and above and 293 and

bel ow, consider the worst case, and that is what was used in
the deposition nodeling by MDEQ and di spersi on nodel i ng by
Kennecott's consultants. This tal ks about 293 and above.
This resulted in maxi num em ssions. And nost of themare
handling -- ore handling. And because of the handling,
these enissions occur. This is taking the nock ore and

| oading into -- by the production |oaders, load it into the

trucks, transfer it. It gets transferred to the central ore
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pass grizzly, and it is being pulled into the grizzly, and
through the ore pass it is transferred to the production
truck. If | renmenber correctly, it is at level 263. And
this is the process through-put, which is the * 3:52:16
9,000 tons of ore is processed, and this is the enission
cal culations, and that is, a grizzly has a contro
efficiency because it has a bag house of 9- -- that controls
the PM em ssions by 90 percent. So that results in -- that
resulted in an em ssion of about 17,800 pounds a year. And
again, when we applied it, advised settling emission factor
based on particle sized distribution, the emnission actually
| owered and from 7,653 cane down to 5,385. And actually,
em ssions got |ower than what was stated in the permt
appl i cati on.

kay. And that's -- your calculation is 5,385 pounds per
year of uncontrolled PW

Uncontrol |l ed PM em ssions. That's correct.

Fromthis particular activity --

Correct.

Fromthis group of activities?

Ri ght .

Let's nove to the next underground activity. M. Vel, |
have put on the screen -- it's a little difficult to read.
This is Petitioner's Exhibit 77G entitled "Vehicle

Em ssions. "
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MR. STAPLETON: Can we zoomin on that a little
bit?
That's it.
Yeah, that's a little better.
Yeah.
Can you describe for us first the activity that is
calculated in this exhibit?
We cal cul ated the vehicle em ssions from underground
activities, and that involved nmovenent of ore production
truck and backfill truck. |In the ore production truck
there are two different subgroups. One is a transfer of ore
fromportal to point A and point Ato the access ranp. And
considering the -- one of the differences here -- let us
tal k about the differences. One of the differences here is
the silt content that | talked to you about before. The frc
bet ween Kennecott's cal culation and CRA's calculation is the
silt content was considered to be 1 percent in Kennecott's
cal culation. Wen we reviewed that permit application -- |
think it was page 31 -- it clearly states it is 3 percent
ore, so we made the change. And again, because of the
particle size distribution, the settling em ssion factors
changed. For exanple, portal to point A the settling
enm ssion factor was 0.44, calcul ated by Kennecott's permit
application. And | don't -- | can't read that nunmber. It

is something like 0.52 when CRA cal cul ated the revised
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nunber. These are the revised nunber that we cal cul ated.
And once again, fromwhere did you obtain the information
about the silt content being 3 percent in the mne
under gr ound?

Fromthe air pernmit application attachnment, appendix C

Now, moving over in this exhibit, can you describe what the
cal cul ations were for PMem ssions fromthis activity?

CRA estimated the PM em ssions to be 35,637 pounds a year,
and the application stated it was 14,933. And just a rule
of thumb, if you look at it, it's about three tines here.
And al so, because of the change in the settling em ssion
factor fromO0.44 to 0.52 here and 0.3 to 0.59, that is a
mar gi nal di fference because of settling em ssion factor.
That resulted in the increase of emi ssions fromthat permt
application to what CRA cal cul at ed.

Now, is the bulk of the difference between these

calcul ations attributable to the difference in silt content?

That is correct; that is correct. | don't know what is the
percent distribution between silt content and settling

em ssion factor revised value, but bulk of it would be from
the silt content.

And that woul d be 35, 637 pounds per year of uncontrolled PM
em ssions --

That is correct.

-- fromvehicle traffic underground; is that correct?

1178



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

That is correct.

Al right. Let's nove on to the next underground activity
here. | have put on the screen Petitioner's Exhibit 77E
entitled "Devel opnment Rock Processing." M. Vel, can you
describe this calculation for us, please?

This is the underground activities due to handling of

devel opnent rock. Prior to ore extraction, all the rocks
fromthe stopes and other areas needs to be renoved to
access the hole, and these are all related to handling of
t hese devel opnent rock. There are three activities. And

when we cal cul ated the settling factor -- only change here

you would see is the settling factor. The revised value for

PMwas 0.3. And | don't think it states here but, when

Kennecott calculated it, it was -- 0.03 was the settling

em ssion factor. So the value went up ten tines. So the PM

eni ssions calculated by CRA is 1,444 pounds a year. And if
you |l ook at the permt application, the PM enissions would
be 144.4. And since you have been tal ki ng about settling
em ssion factor, this is a easy nunber to look it up in ny
settling calculation just to have a sanity check how I did
the calculation so | can show that to you

Oh, sure.

If you can go to --

Yeah.

MR STAPLETON: Let's go to Exhibit 77K
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JUDCGE PATTERSON: Wi ch exhi bit nunber?

MR, STAPLETON: 77K

JUDGE PATTERSON: Thank you.

MR, STAPLETON: Ckay. |'ve put on the screen
Petitioner's Exhibit Nunber 77K
M. Vel, for those of us who struggled in math in school,
can you maybe explain this exhibit for us?

Yeah. This gives you the particle size dianeter; this
(indicating) is ten microns in size; this is |ower particle
sizes, and here particle size greater than ten microns in
size. And we estinmated the settling factor, this yen
therefore does not refer to settling em ssion factor. How
much particul ates gets settled. Let's |look at for ten
mcron in size --

THE WTNESS: Can you nove it to the right a
little bit, please? Can you nove it to the right alittle
bit nore? Yeah. Thank you. Gay. Go down a little bit.
Go down to the next -- okay. There you go. That's what |
was | ooking for.

If you ook at ten microns in size here, if you go back to
the settling factor for the axis ranp you will see 0.9664,
which is 0.97 is the settling factor; which nmeans only three
percent of the particulate matter gets emtted fromthis
process just considering PM 10. kay? But if you | ook at

all the PM 10 particle sized distribution -- if you go
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down -- the settling factor here is 0.7 if you consider
particle sized distribution. And so 30 percent gets emtted
if you consider the particle sized distribution, whereas if
you just consider ten nicrons then only three percent gets
emtted. And --
And was that the basis of the DEQ using the 0.3
settlement -- settling efficiency --
No, Kennecott's consultants used that nunber. DEQ when t hey
did the disportion nodeling they considered particle sized
distribution. And so overall it is 30 percent gets enitted
here and that accounts for the difference of ten tines that
we tal ked about in the previous -- in the previous life,
whi ch tal ks about 1,444 pounds a year on devel opnment rock
processing where it says 144.4 calculated. So it goes both
ways. Sometinmes em ssions goes up because of certain
paraneters and sonetines it goes down. But everything was
cal cul ated based on the -- this type of analysis.

MR, STAPLETON. kay. Let's go back to the
previ ous exhibit.

(Pause in dial ogue)
So, M. Vel, back again to Exhibit 77-E that you were
di scussing. Once again, can you just tell us what the PM
eni ssions in pounds per year as cal cul ated by CRA woul d be
from devel opnment rock processing?

1, 444 pounds a year uncontroll ed.
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Ckay. And what were the PM em ssions in pounds per year
cal cul ated by Kennecott's consultant?
Maybe it's 144 pounds a year.

MR, STAPLETON:. All right. Let's nove to the next
underground activity, which would be 77-Q
|"ve put on the screen Petitioner's Exhibit 77-Q entitl ed,
"Backfill Operation.” M. Vel, could you describe this
cal cul ation for us, please?
After conpletion of the mining in one level then the back --
then that level is backfilled and prinary stopes are
backfilled with cement and flyash, and the secondary stopes
are backfilled with aggregate and linme. And this -- we did
an estimation based on the process throughput, the
cal cul ation, the em ssion factors at exactly the same way as
Kennecott's consultants did it and this is the PMsettling
factor of 0.89 and that resulted in a PMem ssion of 13,408
pounds a year. And | don't have the em ssions fromthe
permit application, and this particle size distribution
| owered their emissions, so -- fromthe permt application.
CRA cal cul ated | ower em ssions for this activity?
Yes. CRA calculated | ower em ssions for this activity.
Because of the particle distribution size factor?
That is correct.

MR, STAPLETON. All right. Let's goto 77-M

Al right. M. Vel, let's nove to the next underground
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activity. |'ve put on the screen what is Petitioner's
Exhibit 77-Mentitled, "Blasting PM Em ssions.” Can you
describe the calculations in this exhibit, please?

This is for the blasting operations that happen within the
nmne. This is calculated based on how many bl asts occur per
year tines the em ssion factor how nmany pounds of PM gets
generated per blast, and there is no control efficiency
here. And PM enissions are estinmated based on -- in pounds
per year. And the blasting em ssions decreased because of
the enission factor -- particle size em ssion factor because
0.43 to 0.3, and what Kennecott cal cul ated to what CRA
calculated. So CRA |owered -- because of the particle size
distribution it |owered the em ssions.

Ckay. And that's 502 pounds per year of PMfromthis
activity?

Yeah, based on this -- | don't renenber, but that is very

cl ose, yeah.

Ckay. Let's nove to -- now, CRA prepare a summary of the
em ssions fromthe underground activities through the vent
rays?

Yes. Fromall these sources, yes.

kay. Let's take a look at that for a nonment. |'ve put on
the screen what is Petitioner's Exhibit 77-O and -- entitled
-- is that a typo up there, M. Vel; should be "Vent Rays

Summar y" ?
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Yeah, "rays." Yeah; that's right.

Ckay. Can you describe the nunbers in this exhibit for us,
pl ease?

Based on all the previous spreadsheets that you have seen,
this gives you enissions fromeach of these activities. And
the total PM 10 em ssions froman uncontrolled enmission is
6.5 pounds per hour and with a controlled PM em ssions we
calculated it to be about .86 pounds per hour, which
translates to .109 grans per second. And once we cal cul ated
the PM em ssions we --

And | don't mean to interrupt you, but | just want to be
clear. 1Is that the summary of controlled and uncontrolled
PM em ssions fromall of the activities that we just

di scussed under ground?

That is correct.

Ckay. Al right. I'msorry. | interrupted you

Then once we got the PM 10 emissions in granms per second we
used the concentrate -- we used the percentage of copper and
nickel that is present -- if you'd go down a little bit

nore; if you'd just nove down a little bit nore. Yeah

So of these overall PM em ssions com ng out of the bent

rays, a certain percentage of those emi ssions wll consist
of copper and nickel; correct?

That is correct.

Ckay. And where did you -- fromwhat information did you
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determ ne the percentage of copper and nickel in these

em ssi ons?

This was taken from page 8-10 of the appendix C of the Air
Permit Application. And this is for the whol e devel opnent
flyash and native soil, this was the copper and nicke
percentages. And we used that to cal culate the actua
copper em ssions in gram per second, which conmes to the --
and then the nickel in grams per second, and the total
enmitted fromthe vent rays for copper is about --

Can you show us where --

Yeah, 99.

That is PM-- I'msorry. That is pounds of copper enitted
fromthe mne on an annual basis?

That's correct.

Ckay. And is that a controlled nunber?

That is a controlled nunber, yes.

Ckay. Let nme ask you about that. Wen you say "controlled"

and "uncontroll ed" and as --

MR STAPLETON: | think you can scroll up on the

exhi bit.

I think that was one of your -- two of your columm headi ngs
here. Wat do you nean by "controlled" and "uncontroll ed"
em ssions fromthe m ne?

Kennecott proposes to install a filter bag house which has

an efficiency of -- a control efficiency of 85 percent. And
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this nunber here --

Excuse nme. Have you seen any specifications for this bag
house, this control that is proposed for the vent rays?

No.

Was it part of the Air Permit Application in sonme fashion?
No.

Was it nentioned in the Air Permt Application somewhere; is
that why you're that making that assunption?

No, it was nentioned in the response to coments that
Kennecott proposes to install a filter bag house, which has
a control efficiency of 85 percent. W got that from-- we
got that information fromthat docunent.

So you ran calculations, if | understand it, for PM

em ssions conming out of the vent rays without the filter and
with the filter?

That is correct.

I's that correct?

That is correct. That would be uncontrolled and this would
be controlled em ssions, yes.

Did you do a -- let's talk about the uncontroll ed em ssions.
Did you do a calculation for the uncontroll ed PM em ssi ons
com ng out of the vent rays in pounds per year?

| don't have that nunber here, but the straight conversion
0.890 grans per second was converted to pounds per year, and

that would cone to 57,000 -- alittle |less than 57, 000;
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t hi nk 56, 900 pounds a year.
Pounds a year in uncontrolled PM em ssions?
That is correct.
And fromthe PM em ssions you take a percentage of those
enm ssions and cal cul ate the copper and the nickel; correct?
That is correct, based on the concentrations.
And how many pounds per year of nickel em ssions are com ng
out of the vent rays?
Based on this nunber it's about 101 pounds a year.
101? GOkay. Now, once again, that's a controlled em ssion;
correct?
That is correct.
What woul d the copper and nickel em ssions coming fromthe
vent rays be in pounds per year uncontroll ed?

MR. KOHL: Objection; irrelevant.

MR, STAPLETON: Well, Judge, | nean --

JUDGE PATTERSON: |'II overrule.
You can answer, M. Vel
Ckay. It's a straight -- again, a straight conversion. |
woul d think about -- this is an estimation. [|'mconverting
grans per second to pounds per year, so that woul d be about,
say, 600, 650 pounds a year
O each -- 650 pounds of copper and 650 pounds of nickel?
Uncontrol | ed.

Uncontrol | ed?
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Yes. It would be very close. | didn't do the cal cul ati ons,
but it has to be very cl ose.

Now, if you consider the calcul ations that Kennecott
perfornmed for the vent rays emissions in terms of pounds per
year of PMcom ng out of the vent rays, did you do that

cal cul ati on?

Yeah, just to check and make sure there was a difference and
came up with around 40,000 pounds a year.

O PM per year?

PM

And that woul d be uncontroll ed?

Uncontrol | ed.

Now, M. Vel, you tal ked about the vent rays, which is just
one source of the copper and nickel em ssions that you

consi dered; correct?

That's correct.

And you al so took into consideration five other sources in
your deposition nodeling; is that correct?

That is correct.

Ckay. And what was the basis of your cal culations for those
em ssi ons?

Al'l the cal cul ati ons were conducted based on the Air Permt
Application, appendix C and for the fine ore and the coarse
ore bin you will not see any difference in the em ssions

bet ween what Kennecott's consultants did and what we did.
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And for the crushed ore bin there is no difference in
cal cul ati on; however, when the MDEQ did their deposition
nodel i ng they considered two sources as we tal ked about.
One is of nine vent rays where they considered PM
particulate matter. And for crusher buil ding bag house they
considered PM 10. And just to nake sure we have everything
on the sane type of contam nants, so PM 10 on their
estimates, the enmi ssions | considered for the deposition
nodel i ng the PM enissions and not the PM 10 enissions. So
that's the only difference.
And was everything else the sane in terns of the enissions
data that you used for the deposition nodeling?
That is correct.
W're trying to get --

MR. STAPLETON: For the record this is Kennecott
Exhi bit 16, Bates nunber 101706.
And, M. Vel, can you -- does this exhibit reference what
you were just discussing?
Yeah, it does refer in the above-ground activities all these
different processes relate to either crusher buil ding bag
house or fine ore and coarse ore bin.
And where is this exhibit taken fronf
Appendi x C of the Air Pernmit Application
And can you indicate in this exhibit the other activities

for which you considered enissions in your deposition
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nodel i ng?

For the crusher ore bin this was done by Kennecott in the
Air Pernit Application and the use just the same. Transfer
to -- for the crusher building bag house it is transfer the
crusher ore grizzly and then the grizzly and stationary rock
breaker and convey the crusher would be for -- those are the
four sources that was considered for crusher buil ding bag
house. And as you can see, this is an enclosed area and it
has a control efficiency of 99 percent; the PMis control 99
percent. And the fine ore and the coarse ore bin | saw
transfer operation. Mst of themare conveyed to coarse ore
bin. And the coarse ore bin enissions and | oadi ng trucks
would be -- for the coarse ore bin and for the fine ore bin
the first two operations transfer of the coarse ore by --
and muck ore and these two operations refer to fine ore bin
-- fine ore bin calculations. So we just took exactly the
sane em ssions.

So the enissions that are indicated here in PMin pounds per
year you woul d have inputted that data directly fromthe Air
Permit Application into your deposition nodel ?

No, we woul d have used -- we woul d have cal cul ated the
crusher building bag house -- we would have added it; that
is in pounds per hour. And then what we woul d have done is
we woul d have converted that into copper and nickel

concentrations and then inputted those val ues into copper
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and ni ckel deposition nodeling.

Ckay. You woul d have done the conversion into copper and
ni ckel ?

Yeah.

But done it based on the enissions fromthe application?
That is correct.

M. Vel, you may have mentioned this before, but what
percentage do these six sources that you consi dered
constitute of the total copper and nickel em ssions com ng
fromthe mne?

Can you repeat that question?

Yeah. O the six emissions that you considered for your
deposi ti on nodel i ng what percentage do these sources
constitute of the total copper and nickel em ssions fromthe
nm ne?

Fromall these six sources it would constitute about 97 to
98 percent, and fromthe nine vent rays alone it would be
around 63 percent.

Ckay. Now, did CRA prepare a summary of the total copper
and ni ckel emi ssion rates fromthe m ne?

Yes.

Ckay. Let's nove to that exhibit, which is 77-D. Al

right. M. Vel, I've put on the screen what is Petitioner's
Exhibit 77-D and it's entitled, "Copper and N ckel Em ssion

Rates for March 2008 Deposition Mdeling." Can you take us
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through what this exhibit summarizes, please?
There are six sources we considered, the first six sources
is what we considered here. And nine ray -- vent rays plus
nne heaters, this is the PMenissions in grans per second.
If it was a walling source it would be granms per second per
neter squared. And this is the copper -- this is the PM
em ssions and this is the copper percentage, so we would
have estimated the copper emission rate in grams per second.
This is the nunber we inputted into the nodeling in grans
per second and -- for copper. And if you look at it here
the first six sources constitute about 98 percent of the
em ssi ons.
And is that --
That's right. And for nickel it's the sane thing and tota
for six sources constitute about 97.3 percent.

MR, STAPLETON. kay. Can we scroll down the
exhi bit?
So, M. Vel, can you just describe all of the colums above
the bottomline nunbers here. Are these all different
sources for copper and nickel at the m ne?
That's correct. That's correct. We'll only consider six
sour ces.
Ckay. And you considered the first six; correct?
Yeah.

Ckay. And what did you concl ude about the copper and ni ckel
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em ssions fromthe mne fromthese six sources?

The total copper enmissions fromthe mne would be 156 pounds
a year; that would -- assuming that the nine' s operation
woul d be eight years -- nine will be in operation for eight
years; that would be 1,250 pounds of copper. And with
nickel it's 160 pounds in a year of em ssions and that woul d
equate to 12,000- -- 1,276 pounds in eight years. And this
i s considering six sources.

Ckay. And these are controlled rates -- | nean, these are
control |l ed em ssions? Excuse ne.

That is correct.

Ckay. Once again, were you able to cal cul ate what the
uncontrol | ed copper and nickel em ssions would be fromthese

Si X sources?

| would have done it. It would be around 600 pounds, 650
pounds a year maybe. |'mgoing off ny menory right now |
did calculate; | don't have that nunber with nme right now.

Ckay. Now, once you calculated the total emnissions for
copper and nickel fromthese six sources, that data is
inputted into the deposition nodel that you discussed
previ ousl y?

Yes. For the all -- for the six sources that we described
about we inputted the enmission rate in the nodeling.

Ckay. Now, can you describe for us when you did the

deposition nodeling what are the -- give us a description of
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some of the other input data that went into the nodel in
order to formyour concl usions.

We considered for the two sources, nine vent rays and
crusher building bag house due to considered stack
paraneters, stack height, stack diameter, exit velocity,
tenperature, and for the other sources we woul d have
considered the length and the height of these piles --

sorry -- for the walling sources, which would be coarse ore
bin and the fine ore bin. And neteorol ogi cal data was used
like we tal ked about; it's from Sawer 2004. And for our
*(listening 4:25:39) data we used G een Bay, Wsconsin data.
So both were used by MDEQ and the sane nunbers were used
here. And we considered dry and wet deposition and
estimated the total deposition. W considered plune

depl etion and those are the inportant paranmeters. W got

i nput data file from MDEQ and we didn't change anything. W
first ran the nodel just to nake sure the nunber, the
results of MDEQ matches with what CRA is coning up with.

And then we did was we changed the emnission rate, added

the -- added those four sources in there, changed the

em ssion rates for -- based on our calcul ati on and changed
the grid froma smaller grid to enconpass 40 kil onmeter by 40
kil oneter, good size, which would be 1600 square kil oneters
and reran the nodel

But aside fromthe em ssion rates, was all the other input
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data the sanme as used by MDEQ in its deposition nodeling?
That is correct. Except for the grid size and then --
Except for the grid size?

Yeah.

So you input all of this data into the nodel and then does
the software digest the data for sone period of tine? How
does that work?

Yeah, it depends on the size of the project. It may take
fromfew hours to few days, and this could have taken |ike a
day or so to run the nodel

Ckay. And what period of tinme did the deposition nodel
simul ate for the mning area?

We inputted the data for the year 2004 data, so it would
have simul ated the total deposition from-- for each grid
known for the year 2004.

Ckay. Now, just in general terns what does the deposition
nodel i ng that you performed tell us about the copper and

ni ckel em ssions fromthe nining operation?

Can you repeat the question, please?

Sure. And just generally speaking, what does the deposition
nodel i ng that you performed tell us about the copper and

ni ckel em ssions in terns of transport and | ocation and that
type of thing?

Both the deposition followed the similar contour patterns of

the distribution patterns. Mst of the deposition occurred
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at the property or very close to the property and --
however, we could see some deposition that happened as far
away as close to 35 to 40 kilometers. Fromthe center it
woul d be |ike 20 kilometers up north and south and you woul d
see in the contours as to how the distribution was. And the
maxi mum deposition rate for copper -- I'mgoing off ny
menory -- could be 71.78 mlligranms per square neter per
year, and for nickel it could be 72.74 milligrans per square
neter per year was what we observed as the naxi mum
deposition rate at the property.
Ckay. Let's take a look at the summary of the copper
deposition resulting fromyour nodeling.

MR STAPLETON: 77-B.
M. Vel, I'"'mputting on the screen what is Petitioner's
Exhibit 77-B and -- entitled, "Copper Deposition.” Can you
descri be what this exhibit sunmarizes for us, please?
W set up a multi-tiered grid, because the area is too
large. W set up a final grid with a spacing of 50 neters
for an area of up to 2500 neters fromthe center, and a
medi um grid of 200 neters in size for up to 40,000 square
neters, and a coarse rate of a thousand neters spacing for
up to a nillion square neters and very coarse for four
mllion square neters. And we wanted to estinate the total
copper deposition. W know what is com ng out of the mne;

we wanted to make sure we have captured everything. So we
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took -- there are 2,098 grid points; you are seeing only
part of it. W went to each and every one of these grid
poi nts, found out what the area is and -- and if you go to
the right a little bit -- we estinmted how nany pines and
based on the concentration that we observed we cal cul ated
the deposition at that grid. W added everything -- we are
only soliciting a snapshot here. W added everything and we
cane up with 155.3 pounds of copper a year. And as you may
recall, it's very close to what was enitted fromthe mne
kay. So did your deposition nodel account for nearly al

of the copper --

Very cl ose

-- emtted fromthe m ne?

Very cl ose, yeah.

And once again, this is assumng a controlled em ssion?
That is correct.

Ckay. Now, did CRA also run the deposition nodel using only
the two sources for copper and nickel enployed by NDEQ?
Yes, we did.

And | put on the screen what is Petitioner's Exhibit 77-A
entitled, "Copper Deposition" again. And can you describe
this exhibit for us, M. Vel?

This is not exactly the sane as what MDEQ did. Wat we did
was we used the sane 40-kiloneter by 40-kilometer grid to

capture all the copper em ssions com ng out of the mne and
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we went through the sane exercise that we tal ked about. |If
you look at it here, the maxi mum copper deposition rate --
let's talk about in milligrans. |It's about 8.25 nmilligrans
per square neter. And when we did the cal culation --

THE WTNESS: |If you'd go down; scroll down a
little bit, please. Can you nove to the right? Thank you
-- we cane up with a nunber of 105.7 pounds a year
And this is using just the two sources used by MDEQ?

That is correct.

And what's the approxinate difference in annual deposition
of copper between using two sources and using the six
sources that CRA did?

| would say about between 45 to 48 pounds.

Pounds of copper per year?

Yeah; that's right.

Now, you al so ran the deposition nodel for nickel as well;
correct?

That's correct.

kay. Let's take a look at the nickel deposition sumary.
I"mputting on the screen, M. Vel, Petitioner's Exhibit 77-
Centitled, "N ckel Deposition.”" Can you describe what this
exhi bit depicts for us, please?

W are trying to -- for the six nickel sources we are trying
to calculate what is the total deposition. Sane mnethodol ogy

as we used for copper. Went through each and every grid
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point, try to find out what's the total deposition and we
come up with a pretty close nunber to nickel also; about
157.5 pounds a year.

And that's 157.5 pounds of nickel per year deposited?
Controlled, yes.

Uncontrol | ed?

No, this is controll ed.

I"msorry. Controlled?

Yeah.

And how woul d this conpare to the nickel deposited over a
year if you only used the two sources that MDEQ did in its
nodel i ng?

The difference would be very simlar, about 45 pounds. That
accounts for those other sources, fine ore bins and coarse
ore bins.

Now, the deposition nodeling in addition to predicting the
pounds per year of pollutant that woul d be deposited al so
predicts the area over which that -- those pollutants will
be deposited; correct?

That is correct.

kay. Let's look at a summary of that data. |'mputting on

the screen what is Petitioner's Exhibit 78-C

1199

MR. STAPLETON: And, Counsel, for the record, this

is an enhanced version of what you were provided, because we

actually --
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MR. KOHL: It's legible now It's |Iegible now
MR STAPLETON: We actually couldn't read it very
wel | before, but it's the same -- it's the same exhibit with
the sane data.
Can you describe Exhibit 78-C for us, please, M. Vel?
Yes. This is a zooned in version of the nodeling. This
doesn't depict the entire deposition nodeling area that we
considered. And just we wanted to show where we got our
nmaxi mum deposition rate for copper and the nunber is --
let's talk in terns of mlligrams because that would be a
little easier. |It's 71.76 mlligrams per square neter for
the year of copper. And this is the area of the maxi mum

deposition rate and this is the grid point that we observed

t hat .
Okay. And where is -- is the mning area depicted on this
exhi bit?

Yeah. This is mine area and you can see this is generator
plant. | think this is a lab essay and if you scale it up
it wll be about hundred nmeters north of this building here.
How many meters?

About hundred neters.

And roughly what size area does this exhibit depict?
Probabl y about one kil oneter by one kil oneter.

kay. It's a small --

Very smal | .
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It's a small part of the --

| am just guessing here. | shouldn't, but --

Ckay. And can you just -- you nentioned the maxi mum
deposition rate there. And just for clarification, can you
once agai n describe for us what "naxi mum deposition rate"
means?

We establish a grid and the deposition -- the nodel tries to
predict the maxi mumrate of deposition of copper at every
grid point here, and these are the nunbers. And out of all
these grid points that were chosen for this nodeling

anal ysi s, which we have 2,098 points on a grid area, and
this is the maxi rumthat we observed very close. And the
reason you're observing very close is because of the ore
bins that were considered, and so it is -- it doesn't have a
* listening 4:39:08) foreign pack; it has got it nearly
packed because of the height.

Ckay. And what woul d the maxi mum deposition rate for copper
be considering only the two sources used by MDEQ?

If you considered just the two sources used by MDEQ you'd
have gotten a maxi mum nunber of 1.14 mlligrans per square
neter per year of copper. | don't have the deposition map
of MDEQ with nme, but based on the output file that we got
that's the nunber.

And, M. Vel, there's -- this exhibit is full of lots of

[ittl e nunmbers?
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And can you just once again explain what each of those
nunbers represents?

Each of themrepresents the deposition of copper -- how nmuch
copper gets deposited at each of these noted points. This
is a prediction; the deposition nodel is a prediction. It
predi cts how much copper gets deposited at each of these
grid points in one square neter of an area in one year. And
for exanple, this (indicating) one would be 71 milligranms of
copper gets deposited in one square nmeter in a year. For
the year we considered as a md data, which would be 2004.
Ckay. Let's take a look at the summary for nicke
deposition. |'ve put on the screen, M. Vel, what is
Petitioner's Exhibit 77-C -- I'msorry -- 78-B and can you
describe this exhibit for us, please?

This is very simlar to copper and you can see the maxi mum

deposition at this -- of this area, which would be 77.27

nmlligrans per square nmeter for the year for nickel. And
this also located very -- at a very -- approximately to
where we found the copper exceedence -- copper deposition --

maxi mum deposition rate.

Ckay. And once again, what woul d the maxi mnum deposition
rate for nickel be using only the two sources used by MEQ?
It would be -- this is again based on the deposition

i npact -- Kennecott deposition inpact anal ysis dated
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Decenber of 2000 reported by MDEQ It will be 1.14
mlligrans per square meter per year. And it will not be in
the sane |location. | do not have the location. And this is
based on the deposition nodeling considering all the six
sour ces.

And what is CRA s maxi num deposition rate in mlligrans?

It would be 72.74 mlligrans.

Now, did your deposition nodel for copper and nickel
generate a map showi ng the deposition of the pollutants
across the area?

Based on these deposition contours we devel oped -- based on
the deposition rates here we devel oped a contour, yes.

Ckay. Let's take a look at the first deposition map. M.
Vel, 1've put on the screen what is Petitioner's Exhibit 81
and can you describe for us what this map depicts? And
actually, it's --

This is the copper deposition. This is a zoonmed in version
of the deposition contours and the yellow |ine depicts the
deposition contours. And red line here (indicating) depicts
the mne property. There's the orebody. And as you can
see, npbst of the concentrations are located within the --
very close proximty to the mne. And you can see the
extent it is spreading out.

Can you give us a sense of the size of the area covered by

this particul ar map?
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It's about five kiloneters in length and five kiloneters in
hei ght; close to that.

Ckay. And just once again, each of these yellowlines is
representative of a concentration of copper?

That's right.

On the ground?

Yeah, this is -- there's two mlligrans per square neter for
the area. This is the contour that is -- that depicts that.
And you can see the density very close inside and as you go
out you can see the contours, different contours.

Now, M. Vel, is this the concentration that would occur
over a one-year period of tinme?

That's correct.

Ckay. So over a ten-year period of time these
concentrati ons woul d accunul ate; correct?

MR, KOHL: bjection; lack of foundation with this
W t ness.

MR, STAPLETON. Well, Judge, | nmean M. Vel is --
you know, he's testified that he has conducted deposition
nodel ing for 50 or 60 different air permts and that it
typically lasts -- the typical period is a year. And he's
done this nodeling for many different projects, many
different substances. And | sinply think he's qualified to
be able to tell us that -- answer the question as to whether

t hese substances woul d accumul ate over a period of tinme
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based on the deposition nodel

MR. KOHL: Your Honor, the grounds for ny
objection -- | have no problemwth himtestifying as to
what his deposition nodels woul d say deposited over a given
| ocation over a period of tinme, but deposited and whet her or
not that deposition becomes cunul ative in soils or whatever
i nvol ves environnmental fate of the netals after their
deposited. | don't think he's -- there's any foundation
here that he's conpetent to testify with regard to fate of
netals and soils in Northern M chigan.

JUDGE PATTERSON: I n other words, your problemis
there may not be tinmes this failure with the conclusion of a
ten-year period due to --

MR. KOHL: Exactly. | nean, you know, fine. |If
he wants to testify that .25 mlligrans per square neter is
nodel ed to deposit a location and if you nultiply that by
eight we can all do that math too

JUDGE PATTERSON: Maybe you can.

MR. KOHL: | can't, but to say that that neans
anything with regard to what's in the soils eight years
|ater or ten years later or 25 years later -- which is what
I think this question does or at |least sounds like it -- is
different subject nmatter and he's not qualified to testify
to that.

MR STAPLETON:. Your Honor, we can connect -- we
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di fferent question
JUDGE PATTERSON:. All right.

So, M. Vel, the concentrations depicted on the map are over

a one-year period of time; correct?

That is correct.

And for each year you ran the deposition nodel woul d

i ndi cate an additional accurulation of this concentration?
MR, KOHL: Sane obj ecti on.

O it would depict a -- the concentration on a map like this

for year two; correct?

MR, KOHL: | don't have any objection to that
questi on.

JUDGE PATTERSON: Finally.
If you take two-year period -- I'mnot an expert in soils,

but if you |l ook at two-year period it's going to give you a
curmul ative effect over -- you average over two-year period
and -- but still the concentrations that | would be getting
out of this nodel would be how nmany grans per neter square
per year. You could run ten different years and you can
find out how the cunul ative effect is going to be. But from
the nodeling standpoint it would be based on how many years
you are going to put in there. 1It's going to give you the
effect of that.

But this amount depicted in the map here woul d be deposited

1206
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each year under your nodel ?

This is limted to one year; that would be based on the net
conditions for the year 2004.

Ckay. Let's nove to a larger area for copper deposition.
Wiile that's loading, M. Vel, did CRA prepare another map
for copper deposition which depicted a | arger area than what
we were | ooking at?

yeah, we did one for the 40-kiloneter by 40-kil ometer grid
size that we are -- that we nodeled for.

Ckay. |'ve put on the screen, which is now finally | oaded,
Petitioner's Exhibit Nunmber 83. And can you descri be what
is depicted by this map?

The pink --

yeah, starting with the big red square there.

The square; this square represents the grid that's CRA used
and the green -- this area is the grid that NMDEQ used for
the deposition nodeling. And the yellow |lines here
(indicating) depict the distribution -- deposition of copper
across the study area. And this you can see it very closely
that are very closely concentrated contours here and as you
nove farther. And | don't know what the nunber is here, but
| can do it.

What is the size in square niles depicted by the red square?
It's 1600 square kilometers and | don't know what the

conversion is. 1600 square kilonmeters to mine could be 620,
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630 miles; very close to that.

kay. And are you famliar generally with the |ocation of
the Huron Mountain C ub?

It's in here (indicating).

Ckay. And did your deposition nodel establish copper
deposition over the | ands of the Huron Mountain C ub?
Yes; that was the reason we went with the larger grid, to
cover Huron Mountain C ub.

Ckay. And does your deposition nodel establish copper
deposition over those entire | ands?

Yes. Yes.

And once again, these are the concentration contours for
copper for one year; correct?

Yeah, these are the deposition contours for one year. Yes.
Let's take a | ook at the nickel deposition. And did CRA
al so prepare deposition maps for nickel?

Yes, we did.

Once again, M. Vel, while it's loading, did CRA prepare
maps of the same proportion that we were | ooking at for
nickel as it did for copper?

Yes, we did.

Ckay. There was a five-kiloneter map and then a 40-

kil oneter map?

That's right.

Ckay. Al right. W finally have -- let's see -- Exhibit
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Nunmber -- Petitioner's Exhibit Number 86. And can you
describe for us what's depicted on this map?

Simlar to copper, this is the mne property and these

yell ow | i nes depict nickel deposition contours. And this is
nore concentrated at property boundary and very close to the
property boundary or in the vicinity of the property
boundary. And this shows the extent of five kiloneters.

And t hese nunbers here represents the deposition in terns of
nmlligrans per square neter per year.

Ckay. What is the red circle -- the square there?

This (indicating) one?

Yes. Do you know what that --

That's the m ne orebody.

That's the m ne orebody. GCkay. Al right. Let's look --
let's take a ook at the |arger nickel deposition map and
that -- once again, this next map will depict a 40-kil omneter
by 40-kiloneter area; is that correct?

That is correct.

Okay. We've put on the screen what is Petitioner's Exhibit
84 and this is very simlar to the copper deposition map we
were | ooking at. Once again, M. Vel, can you describe
what's depicted in this nap?

This is simlar to what we saw in the copper. This shows
CRA' s grid area and this is MDEQ s grid size here

(indicating). And these yellow lines here represents the
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ni ckel deposition contour maps that was generated and you
can see the extent of the contours. This is an extension of
the concentration -- deposition concentration and grid that
we put in and left the contour for it. And you can see this
concentrated close to the property and then you can see
concentration -- deposition contours extendi ng here.

And once again, M. Vel, where is the Huron Muntain C ub
depicted on this map?

Sonmewhere in here (indicate'). | don't have it marked here.
Ckay. And did your deposition nodeling establish the
deposition of nickel across the |Iands of the Huron Mountain
a ub?

Yes.

Now, M. Vel, you indicated that as part of the materials
that you reviewed in this case included the deposition

anal ysi s performed by Kennecott -- or MDEQ actually
perfornmed it; is that correct?

Yes. | reviewed that report, yes.

Ckay. And that was a report Decenber 14, 20077

Yes.

M. Vel, can you -- first of all, before we talk about the
anal ysis, did you review the input and output data for this
anal ysi s?

What ever input and output files that was provided by MDEQ we

did reviewit.
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Okay. And can you describe the nmet hodol ogy enpl oyed by MDEQ
in their deposition nodeling?

VMDEQ consi dered a worst-case scenario of ten years that the
nne is going to be in operation. They considered two
sources that we tal ked about: nine vent rays and crusher
bui | di ng bag house. And they used different approach, but
the results between CRA and them woul d be the same. They
considered a unit em ssion rate for these two sources and
finally the results were multiplied, the results were
prorated for different netals here. And CRA only conducted
deposition nodel for copper and nickel and MDEQ did sul fide,
arseni c, cobalt, manganese, in addition to copper and

ni ckel .

And what is depicted in Table 1?

This provides the emission rates in grans per second. This
is the particulate matter emission rate and that has been
prorated based on the concentrations of each of these
conmpounds here. And here you can see that the particul ate
matter MDEQ used total suspended particulate for mne vent
rays and PM 10 for crusher buil di ng bag house.

Ckay. And Table 2; what's depicted in Table 2?

These are the emission rate of sul fur dioxide. Sulfur

di oxi de em ssions cone out of the mine vent rays and nine
heaters and generators -- there are two generators:

generator 1 and 3. And this gives the em ssion rate of the
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SO2 in grans per second.
In what form does the sulfur come out of the vent rays?
| haven't done the nodeling but | can -- based on the report
| can tell you that it comes in particle phases and al so the
asheous phase.
Ckay.
JUDCE PATTERSON: It's 5:00 o' clock. | don't think
we're going to conclude today with this witness. Is that a
fair assunption?
MR, STAPLETON: Yes, Judge. | think that's a fair
assunption. | nean, |'ve probably got another maybe 15
m nut es.
JUDCGE PATTERSON: Cross?
MR. KOHL: Ch, yeah, we'll have cross.
JUDGE PATTERSON: Ckay. Let's continue tonorrow.
MR, STAPLETON: Ckay.
JUDGE PATTERSON: 8: 307
(Hearing adjourned at 5:01 p.m)
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