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Lansing, Michigan

Monday, May 12, 2008 - 8:36 a.m.

JUDGE PATTERSON: What do you have in store for me
today?

MR. EGGAN: More interesting facts from the world
of the environment. So we are ready to go. Our first
witness, your Honor, Dr. Glenn Miller.

REPORTER: Do you solemnly swear or affirm the
testimony you"re about to give will be the whole truth?

DR. MILLER: I do.

GLENN C. MILLER, PH.D.
having been called by the Petitioner and sworn:

DIRECT EXAMINATION

BY MR. EGGAN:

Q Good morning, Dr. Miller. Can you give your full name for
the record, spelling your last name?

A My name i1s Glenn Miller, M-i-1-1-e-r.

Q And what iIs your occupation, sir?

A I"m an environmental chemist, a professor at the University
of Nevada-Reno.

Q Let"s begin by talking about your educational level. Tell
the court what your educational history is after high
school .

A I got a bachelor of science in chemistry at the University

of California-Santa Barbara and then went and got a Ph.D. iIn
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agricultural chemistry at the University of California-
Davis. | spent a year as a post-doctoral associate at the
Environmental Protection Agency Research Lab in Athens,
Georgia, and then 1 began teaching at the University of
Nevada.

Now, I"m going to caution you that you should keep your
voice up a little bit. Everything that we"re saying 1is
being recorded by our court reporting service, so it will be
important to keep your voice up. Also, you"re free to move
about, but you are tethered a little bit by that -- by that
cord that 1s a microphone. Okay? Now, tell me a little bit
about your employment, your current employment.

I"ve been at the University of Nevada for 30 years iIn
various departmental affiliations but always associated with
environmental chemistry, water and air quality and
particularly some soil. | teach courses in environmental
toxicology, environmental chemistry plus a variety of other
courses on a special-topics basis.

Are you primarily a teaching professor?

I have actually a slightly higher employment in research
than teaching. I1t"s about a 55/45 split.

55 on the research side, 45 on the teaching side?

That"s correct.

Have you held any positions of leadership while at the

University of Nevada?
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For ten years, up until about two years ago, | was director
of the graduate program in environmental sciences and
health. And 1 was also an interim director for the Center
for Environmental Sciences and Engineering while it was
transferring into a different organization called the
Academy for the Environment.

The i1ssues In this case focus on acid line drainage, water
treatment issues. Do you teach courses that relate to those
Issues?

The courses 1 teach in environmental analytical chemistry,
how to measure things, and environmental chemistry and
environmental toxicology all deal with transported fate and
risk associated with environmental contaminants iIn the
environment, including metals, a variety of other things. |
have taught courses In mine waste remediation. We"ve had a
special-topics course in pit lakes, which is a big issue in
Nevada.

Talk for just a minute about pit lakes and why that may
relate to this matter.

Well, a pit lake is formed when you dig a hole that"s deep
enough and big enough that you intercept groundwater. And
during mining that water is pumped out to keep the pit dry.
When you"re done mining you turn off the pumps and the water
flows back in just from an underground source as the water

table recovers. That pit lake -- those pit lakes are going
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to be a very substantial portion of the water and --
surface-water lakes in Nevada, and there*s a fairly
substantial concern that some of 1t will be contaminated;
some that have been contaminated as they®ve evolved; some
acidic, actually.

I see. And you"ve indicated you®ve taught courses that
relate to treatment of waters?

We had courses dealing with mine water treatment. ["ve
written fairly extensively about that, focused on the area
of research we have as a major component of my laboratory on
sulfate-reducing bio reactors of treating acidic water.
Well, that would have been the next thing I wanted to ask
you about, was the research that you have conducted. Has
your research at the university focused on any particular
area -- environmental area?

We"ve been particularly interested over the -- since 1992,
about 18 years, on acid mine drainage treatment and what are
the various options for treating acidic water coming off the
mine site. We have a site called the Leviathan Mine that
we"ve been working on since that time, treating fairly
acidic water and determining cost-effective methods for
treating that water.

When we talk about acid mine drainage, what specifically are
we talking about?

Well, there®s a lot of rock that has not experienced oxygen
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or water, just a solid rock very deep In the earth. And as
that rock is excavated and brought to the surface, it is
exposed to oxygen and water and you get reactions occurring
that generate sulfuric acid. And the sulfuric acid then
dissolves a variety of constituents. So you have a water
that"s typically a pH of less than 4, so 1t"s acidic and has
a highly variable metal loading that can cause substantial
impacts on receding waters.

And has that been a focus of your research?

Yes. That has been the primary focus for the last 18 years
-- 16 years.

And when we say your focus has been on acid mine drainage,
has 1t also been on treatment of acid mine drainage?

Right. [It"s been looking at methods that treat acidic
water, which is considered one of the major environmental
problems in the western United States in remote areas.

Why is that?

Well, there®s a lot of historic mines in the western U.S.
when somebody with either a lot of equipment or not very
much equipment digs a hole and penetrates this sulfide-
containing rock and then walks away. The material that is
left outside, as well as the underground workings, now are
exposed to oxygen and can release acid. And that acid
either goes into groundwater potentially or surface water

and contaminates those sources and causes environmental
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impacts.

Now, I think you said you"ve been at this since about 1992.
Did your work involving mines begin prior to that?

Well, we"ve been interested in mining issues in Nevada for
quite some time because of Nevada®s strong presence in gold
mining particularly, silver and a little copper. There"s
been a lot of issues. Even thought it"s quite drier --
quite a bit drier there than it is in Michigan, it"s always
a concern about how mining will affect surface water bodies.
And so we"ve been iInterested iIn that for quite some time,
having to do with cyanide, having to do with other
constituents or at least at higher pH, alkaline pH, which is
more typical of oxide mining of some gold ores.

Now, when you do this research, do you actually go to the
mines themselves?

Visited many mines over the years.

How many mines do you think you have visited?

You know, 1 was thinking about that. Probably in excess of
50 and maybe less than 100. 1 really never kept track of
it, but it"s been a lot.

Where have the mines been that you®ve conducted research In?
I*ve gone to a lot of mines in Nevada as you might expect.
I"ve been to mines in ldaho, several iIn Montana, British
Columbia, Alaska, California we spent some time. There have

been mines 1In Arizona; 1"ve been to a mine in New Mexico,
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Colorado, Utah. I think that"s bout it.

When you conduct research at a mine, how much time do you
spend there?

Well, it depends on what the situations are. We"ve worked
at mines In Montana, Nevada. In Nevada we"ve spent a lot of
time. That"s been an ongoing project of this one area
that"s been funded extensively. Other mines you visit; you
set up; you make recommendations and you don®"t spend much
time there. And then others you go several times. And
whatever the criteria, whatever the purpose of the visit and
the research or the cleanup is, you spend the appropriate
amount of time.

The mine Involved In this situation is going to be a sulfide
mine. Has your research included study of acid mine
drainage at sulfide mines?

Yes. That"s the primary source of acidic water and sulfide
mineral deposits. And so we have iInvestigated rock that is
not exactly this kind of rock, but similar enough to make
generalized statements about 1it.

So when we talk about acid mine drainage, essentially we"re
talking about sulfide mines?

Yes.

They"re almost synonymous?

That*s correct.

What kind of water treatment issues do sulfide mines
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present? What kind of challenges do they present?

There®s three components 1 generally look at when you treat
water from a sulfide operation. The first iIs the acidity.
Sometimes the most environmental impact is just the acidity.
You haven®t raised the pH. Somehow you can somehow *
(8:46:14) some process which raises the pH. You"ve got
metals to deal with, which are -- metals In the other more -
- perhaps more toxic constituents at the mine. And you®ve
got to make sure that they"re removed appropriately. And
then finally there®s oftentimes a source of very water-
soluble constituents that may not be as toxic but carry a
heavy salt load. And this is usually sulfate that you®ve
got to deal with also. And there®s three separate issues
that you deal with. Generally you®ve got to consider them
separately.

I see. Have you written any peer-reviewed papers on water
quality issues related to mines?

Yes. We"ve had several publications on water treatment.
We"ve had some publication on pit lake water quality. We"ve
written on gold mine effluent * peaks (8:47:05), several
since 1992, 1993.

Now, when you say "we,' who is "we"?
That®"s my laboratory and associates iIn my laboratory, mostly
graduate students, undergraduates and post-doctoral

associates.
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So this i1s work that you have supervised. Have you actually
done the writing on these articles?

Yes.

Now, have these been peer-reviewed articles?

Yes, they have.

I think you told me about an EPA-commissioned study that you
did recently related to how to treat water in mining. Was
that an article that you --

It was a study. 1It"s actually on our website, so it hasn"t
been In a journal per se, but it was peer reviewed. It was
co-authored by Linda Figueroa at the Colorado School of
Mines; John Pantano, formerly of our Atlantic Ritchfield;
and Houston Kempton, who is a former mining industry
consultant. We got together and came up with a document
that was EPA-commissioned to discuss water treatment from
hard rock mines, looking at all the options that might be
available for treatment of water at hard rock mines.

Have you been invited to lecture on acid mine drainage or
the treatment of water from sulfide mining operations?

Yes. We have -- or | have given several talks over the
years, probably averaging two a year since -- certainly in
the last eight to ten years. |1 gave one a couple weeks ago.
I gave one in China last year. 1°ve given some at EPA
conferences on mine water treatment, on pit lakes over the

years.
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Were you —- I"m sorry. 1 didn"t mean to interrupt. Were
you Finished?

Yes.

Okay. Were you invited by the Environmental Protection
Agency to speak at those conferences?

Yes; yes.

Who are the attendees at those kind of conferences?
They"re a variety of people. But most of the mining
conferences I"ve gone to there®"s an academic representation.
There®s a lot of consultants to the mining industry. The
mining industry is very strongly represented as are
regulators, both state and federal regulators, the idea
being to better understand how to treat some of these very
difficult water -- water from mining.

And how to treat those waters?

Yes.

Have you been iInvited to serve on any committees or
scientific groups considering the environmental issues
surrounding mining operations?

We"ve been on certainly some of these conference -- or |
have been on these conference planning sessions.

Dr. Miller, can I -- | just want to interrupt you.

Go ahead.

This is an area that 1 think we need to know what your

direct participation is. So you said "we," and that makes
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me a little nervous.

Okay. 1 will say -- I will use "I."

Okay .

I have been involved in planning some of these conferences,
on the conference organizing committee. [1"ve been on,
certainly Environmental Protection Agency waste-handling
groups. This was back In 1996 to 1998. 1"ve been on a
larger project that was actually industry-directed -- or
industry-funded called the Mining Minerals and Sustainable
Development, MMSD, Project from 2000 to 2002. Actually Rio
Tinto was one of the -- took one of the strong leadership
roles in making sure that got funded and directed.

And Rio Tinto"s relationship to this case is --

Rio Tinto -- 1 think Kennecott is a subsidiary of Rio Tinto.
And this Mining Minerals Sustainable Development Committee
related to mine-related issues and the environment?

It was related to sustainable development of mining or
mining in a sustainable community with the idea of Sir
Robert Wilson, CEO of Rio Tinto, who said it best. He said
to determine how you obtain a license to mine -- a social
license to mine does the community want you in that
particular area, and how do you make sure that you have that
license to mine but you have the reputation and the ability
to develop a mine and distribute the wealth, at least a

portion of that wealth, to the community and then close the
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mine In such a way that i1t doesn"t cause anything but a
positive contribution to that community.

Other committees?

I was on a United Nations Environmental Program Committee
developed to understand the risks associated with cyanide
and how to reduce those risks. There is now a cyanide code
that came out of that committee that has | think been
recognized as a very positive contribution. It"s an
industry committee that says we want to have cyanide less
feared iIn these communities, and so we need to develop a
code to make sure that cyanide i1s used in a safe manner, for
those companies that buy into the code.

Any other committees? 1 think you told me about a research
committee for the National Academy of Science?

I"ve been on a National Academy panel looking at energy in
mining. 1 was involved in a section on acid mine drainage
prevention and remediation. 1"ve also been -- testified in
front of a couple of National Academy panels and the
National Research Council having to do with mining and
mining regulation.

Do you serve on any boards of directors or organizations
related to mining-related issues?

I do. 1 serve on three primarily environmentally based
organizations. One is called Earthworks. [It"s a national

organization based In Washington, D.C., that is concerned
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about sustainable practices In mining. It"s working with

the industry, developing basically codes for sustainable

practices In mining. It"s been a critic of the mining
industry, 1 might add. 1°m also on a board called Center
for --

Well, let me ask you that. The Earthworks has been a critic
of the mining industry. Do you consider yourself on one
side or the other of these issues?

I1"ve been certainly concerned about environmental impacts of

mining in Nevada and have made those comments before. 1

certainly don"t oppose mining. If 1 -- if that was my goal
in Nevada, 1| would have failed miserably. 1™m actually
quite proud of the mining industry in Nevada. It has

evolved quite extensively over the last 25 years. So I™m
certainly not an opponent of mining, although I still -- and
I think 1 would be recognized as somewhat of a critic of the
mining i1ndustry.

What other boards of directors do you serve on?

I serve on the Center for Science and Public Participation.
This is a board that is -- a group that iIs -- that provides
technical advice to the non-governmental organizations at a
reduced price, as well as various agencies; state, sometimes
federal agencies; on mining issues primarily. Some other
issues, but mining issues. 1"m also a member of the board

of the Great Basin Resource Watch, which Is an organization
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in Nevada that"s similar to -- Earthworks has been, 1 think,

a critic of the mine industry but not an opponent of the
mine industry, but certainly providing -- expressing
concerns about water quality issues and long-term legacy
issues In some of the mines that have been created iIn the
past.

That has been the essence of your research?

Yes.

Have you ever designed a treatment system in a mine?

We designed --

Now, you"re going to say "'we'™ again.

Okay. 1 have -- well, 1 have designed, along with a post-
doc 1in my lab, one system extensively with the system from
EPA, but it was our design, as well as some engineering
firms.

What was the name of that particular mine?

It"s a bio reactor at the Leviathan Mine, and i1t"s actually

in Alpine County, California. We"ve also been involved in

design of a bio reactor system at the Nacimiento Mine, which

is moving forward now. [It"s now In construction.
Where is the Nacimiento Mine?

That®s 1n New Mexico.

In New Mexico?

New Mexico. We"ve developed pilot scale operations at the

Equity Silver Mine in British Columbia for a mining company.
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We"ve been iInvolved In a variety of discussions on mine
water treatment facilities in Montana, close to Helena,
Montana, as well as systems in the Jamestown Mine iIn
California. We did not exactly design those mines, but we
were involved in discussions on appropriate design for some
of those water treatment facilities.

That would have been a question 1 was going to go to next.
In addition to the mines where you®ve actually participated
in the design of the treatment system itself, have you been
asked by others to review treatment systems at other mines
in other parts of the country or the world?

Yeah, fairly extensively, “cause everyone wants to develop a
water treatment system that i1Is going to meet discharge
standards. And 1 think everyone would like a magic bullet
that does everything essentially for no price. And we"ve
participated in extensive discussions with EPA state
agencies on what the issues are at each of those sites.
"Will this work? Maybe not, because of this reason,™ that
sort of thing. "Or will this work? Probably 1t can be made
to work iIf you do this extra thing.” So we"ve been involved
in extensive discussions of that sort.

Have you worked with state government regulators?

Yes.

On water treatment and acid mine drainage issues?

Yes.
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Where?

Well, in Nevada some of the earlier work we had was funded
by the Nevada division of Environmental Protection as well
as the California State Water Resources Control Board.
We*ve worked in California on some -- again, at least
discussions of operations. We have had reasonably good
interactions with the State of Montana, certainly with the
Environmental Protection Agency.

So you"re used to working with regulators?

Yes.

Have you ever been called upon to review and comment on
water discharge permits in the course of your work?

Well, that"s something that 1 think everyone who looks at a
mine plan is going to look at what those discharge
requirements are. And so I"ve had, you know, many, many
opportunities to look at discharge water issues, asking the
questions, "Is this an appropriate level of treatment? Is
it being treated at all? Are there any other options that
we might have to improve the water quality in those
discharges?"

I*"m Interesting in hearing whether you have worked with the
industry. Have you consulted to members of the mining
industry on mine projects and water treatment projects?

We have. Our primary funder at the Leviathan Mine was

Atlantic Richfield Company. They have the -- when they
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bought Anaconda they had a lot of water quality treatment
problems that they needed to deal with. We had a very --
we"ve had a very close association with them for eight
years. We"ve worked with Placer Dome (listening spot,
8:59:38) now, a baric mining company.

So Placer Dome is the former owner of a mine and you worked
with them?

Yes.

Where i1s the mine that they --

One was the Equity Silver Mine in British Columbia. Another
one was Golden Sunlight In Montana. And In Nevada we"ve
had, certainly, extensive interaction with mining companies,
although the only funding we"ve gotten -- well, actually we
worked with Placer Dome again at a -- one of the -- a mine
called Bald Mountain where we looked at mercury issues.

Has your work on acid mine drainage and water treatment
included -- has that work included a study of the various
treatment systems involved at the Kennecott Mine Project
here In Michigan?

Could you repeat that?

Sure; yes. You“"ve taken a look at the treatment system that
iIs proposed by the Kennecott Eagle Minerals Company in this
situation; the wastewater treatment plant and the various
components of that particular treatment system?

Yes.
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And what I"m wondering is -- and we"re going to talk about
this in a minute. There are a number of components iIn that
system that are kinds of treatment. And I"m wondering, have
you worked with or are you familiar with those various kinds
of treatment that are involved in the wastewater treatment
plant system here?

Yes.

Specifically precipitation systems?

Yes.

You"ve worked with those and understand them?

Yes.

Filtration systems?

Yes.

Are you familiar with and have you studied membrane systems,
reverse osmosis systems?

Yes. These are uncommon, and these are not nearly as common
as mine treatment systems. We"ve done some work -- we"ve
actually published an article on membrane systems; not
dealing with mining, but membrane systems. So I'm very
acquainted with membrane systems.

And membrane systems are an integral part of reverse
osmosis?

Yes, they are.

lon exchange?

Again, very uncommon in a lot of mine treatments but to work
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in a -- at a university laboratory dealing with water
research, you very, very commonly use ion exchange for a
variety of applications. So I"m very acquainted with ion
exchange.

Evaporation systems?

Again, those are very uncommon In most mine treatments
because of the expense, but we have -- we have -- I"ve
proposed those treatment systems for some mines in Nevada
because 1 think that"s the only thing that -- the only
option they actually had.

Micro filtration?

Yes.

Have you seen these components In action In mines or have
studies them in your research?

I"ve seen them In action and at least ion exchange I"ve
worked with those in mining because they"re so uncommon.
But 1 have -- obviously am acquainted with them in looking
at scale-up issues and feel very comfortable commenting on
those.

Let"s talk a little bit about what you did in preparation
for your testimony today, in preparation for the work that
you did. Did you review the groundwater discharge permit
application submitted by the company?

Yes.

Did you review the groundwater discharge permit that was
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actually i1ssued by the Department of Environmental Quality
here?

Yes.

And did you also review the permit modifications issued on
December 5 of 20077

Yes.

What about the comments of the parties? Have you reviewed
those?

Yes, | have extensively.

And did you review the response that the Michigan Department
of Environmental Quality provided in response to the
comments?

Yes.

Did you review the Michigan Department of Environmental
Quality Statutes and Rules related to groundwater and
groundwater treatment issues?

Yes.

Those are the so-called Part 22 Rules?

All 50 pages.

Yes. Did you visit the proposed mine site?

Yes.

When you did that was Dr. Ann Maest with you?

Yes.

And Dr. Robert Prucha?

Yes.
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Have you conferred with other experts involved iIn this case:
Dr. Maest, Dr. Prucha?

Oh, extensively, yes.

Extensively?

Yes.

Why?

Well, the water treatment system i1s dependent, both in the
inflow water quality which is Dr. Maest"s area of expertise,
and even more so to the water quantity, which is Dr.
Prucha®s area of expertise. So these have to be treated all
in some understanding of all the aspects of the mine waters
that enter that treatment system.

I understand. Now, what were you tasked with in this case?
What were you asked to do?

I was asked to look at the water treatment system for the
mine as It was developed, primarily in the application for
the discharge permit.

Given the material that you were asked to look at and your
review of the issues In this case, what were the particular
challenges involved in this particular treatment system?
Wwell, first of all, there wasn"t -- | have to say that the
amount of information available in the permit was
insufficient to make a complete analysis of i1t, because
there were several things that were not included that

perhaps could have been.
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Now, just to make sure that we"re on the same page, you said
"the amount of information in the permit.” Did you mean the
permit application?

Excuse me. The permit application.

Okay .

But the site itself is a challenging site. 1It"s remote;
it"s very cold. And the water quality has some specific
attributes to it that make it a fairly difficult water to
treat.

Why do you say that? What is it about the water that is
going to be i1nvolved iIn this case that makes i1t difficult to
treat?

Well, first of all 1t"s a fairly highly saline water,
especially from those deeper water systems. So it has a
high salinity. And the only way to treat that is probably
by reverse osmosis, effectively. It has a high boron load,
which 1s unusual and requires a special treatment. Plus
because it requires reverse osmosis, you®"ve got to do a lot
of pre-treatment In order to remove a good part of the
metals that potentially -- metals and gypsum that
potentially could foul the membranes. And so 1t"s a fairly
complicated water. And the variability of the water; which
was not discussed, | think, sufficiently; because of the
different sources of water that will come to that treatment

plant and make i1t a complicated water to treat.
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Is this a site where there is a likelihood of acid
generation?

Oh, absolutely. This i1s a profoundly acid-generating
system. 1"ve discussed this with Dr. Maest and both of us
were quite impressed as chemists with just how extensive the
acid-generating this rock actually could be.

Have you seen a site iIn the work that you®"ve done that has
as high a potential for acid mine drainage as this one does?
We"ve seen some sites that have had -- the Golden Sunlight
Mine in Montana is very, very acid-generating, Impressively.
This site would equal or exceed that site.

Now, you mentioned the cold or severe conditions for water
treatment. What impact does that have, or what kind of a
challenge does that bring to this particular site?

Anytime you have cold weather and have to move water around
that -- especially surface storage of water, you"re going to
have variable temperatures. And temperatures can affect
water treatment in a substantial way. Extensive snow,
piping, valving, all those sorts of things iIn a water
treatment system that is a temporary -- going to be a
temporary system, it has fairly severe requirements iIn order
to make sure that water is transported and treated and
discharged in the manner that iIs consistent with discharge
requirements.

So that creates a pragmatic problem In addition to just the
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general water treatment iIssues?

Very much so.

I see. Is there anything about the ecosystem in the
environs of this particular site that pose a challenge for
water treatment?

This water treatment system is highly unusual from any I"ve
seen because the water treatment requirements are extensive.
They take -- they need to take the water and basically treat

all of 1t. Usually there"s an ability to partially treat

and discharge. In this case they have to take the entire
volume of water -- which we"ll discuss later, but it"s a
large volume -- and remove all the constituents from it

except for a small residue and then evaporate that residue.
So it"s highly unusual in how this water is treated because
of the ecological issues of discharge that are mandated
under the discharge requirements.

In terms of specifically the treatment, what kind of
challenge does all this pose to the company in the design of
its treatment system?

Well, the complicated aspects of the water treatment;
including the acidity, the metals, the boron and salts;
require them to have developed a very complicated -- 1 think
an unprecedentedly complicated water treatment system and in
fairly severe conditions, to be able to operate this on a

24/7 basis.
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You indicated that you have reviewed the groundwater
discharge permit for this site. Is the permit that you
looked at consistent with permits you®"ve seen In other
places In the United States?

No, 1t"s not. And i1t was somewhat curious, in that many of
the constituents | think that are commonly regulated,
they"re only required to be reported in the discharge. And
this is unusual. There"s, 1 think, depending on how you
count them, six or seven or eight constituents that are

regulated. The rest are simply reported.

Now, this is a nickel sulfide plant. Is there a limit for
nickel?
No.

Does that surprise you?

It does. And the same thing with sulfate. There®s not a
discharge limit for sulfate either. Two of the major
constituents -- one is actually fairly toxic ecologically
and the other perhaps much less toxic but still a major
constituent -- are not regulated i1n the discharge.

We"re going to go to that point in a minute, but I want to
go back to a point you made a moment ago. You said that the
amount of information provided in the application was really
insufficient. And I1°d like you to tell Judge Patterson your
thoughts on that issue.

I would have liked to have seen some more extensive
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development of exactly the type of membrane systems that
were going to be used. 1 think that certainly the biocides
that would be used were not defined. The cleaning agents
where the --

Well, let"s talk about each of those for a minute.

Okay .

You said you"d like to know more information about the
membranes. What do you mean? What are we talking about
here?

Well, there®s several different kinds of membranes that are
used In reverse 0OSMOSIS.

So this relates to one of the treatment components that they
have?

Right.

And they haven®t given you information about the kind of
membrane they intend to use?

No.

Tell Judge Patterson why that®"s important.

Well, the membranes are kind of the heart of the treatment
system. And there®s a variety of different membranes you
can use. They have different characteristics, and you
generally use the recommendations from the water treatment
system. But 1t would have been helpful to provide more
information to evaluate how long they would last, what kind

of cleaning that would be required to keep those membranes®
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integrity, what the -- most membranes either end up plugging
where they have -- they have to have higher pressures to get
the water through, or they end up having small enlargements
of the holes so they"re less restrictive for some of the
contaminants passing through.

So the membranes begin to wear out, it sounds like?

They begin to wear out. And they do need to be replaced. |1
think everyone recognizes they do need to be replaced. But
it would just help to -- another issue that wasn"t really
indicated was what the pH of the influent water would be.
That has a major impact on the initial step, applying
neutralization. And generally you hope that that would be
predicted. It would have been helpful to have information
what biocides were being used to control --

What are biocides and where do they fit into this treatment
picture?

They"re used to kill microorganisms that may grow on the
membranes. And this is a common problem In reverse osmosis.
That 1s where you get biological fouling of the membranes,
which affects the ability to treat water. And so you can
add a small amount of specific biocides. But that was --
exactly what biocides were being used was not revealed.

What difference does that really make, though, in terms of
water quality or treatment?

It depends on if it was a biologically active agent. There
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are a variety of things that can be used. But 1If those are
then discharged into the surface application system, you
need to be concerned about what the biocides might do to the
water infiltration system. Same with the cleaning agents.
Sometimes they"re proprietary. But | think In this case
it"s important to know what they are, to be able to evaluate
whether they®"re going to be a water contaminating source.
I want to show you the effluent limits in the groundwater
permit.

MR. EGGAN: This is from MDEQ Exhibit 118. And
I"m going to show pages 6 and 7 of the groundwater permit.
And we have those pages side-by-side here. It"s pages 6 of
32 and 7 of 32 from the groundwater permit.
We were talking a moment ago about the nickel limit. |Is
there a limit here for nickel that i1s noted?
No, there®s not. 1t"s only required to report it. So it"s
only reports; it doesn"t have a discharge requirement on it
at all.
Well, what does that mean, though? What"s the practical
impact here?
The practical impact is that they will not really have a
limit. They are required, if you go down here, to discuss
it 1T 1t"s five times over what the expected water quality
iIs. But there"s no limit really on nickel, and it doesn"t

require any -- for example, you would not stop the mine iIf
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this nickel violated any number, because there®s no number
to -- numb at that point. 1It"s simply they"re required to
report i1t, which is different than regulating i1t.

I think you also mentioned there was an issue related to
sulfate?

Yeah. The sulfate is another one. Sulfate is right here
(indicating). Again, they just report the sulfate and
there®s no discharge limit put on the sulfate. And you can
see, as you go through all of these, there®"s a few where
they~“ve got actually numerical numbers. But most of them
are just "report.” And i1f they exceed some certain amount,
then they have to discuss it with the agency, but there-"s
other regulatory limit, which i1s usually what you see iIn
discharge permits, is actually numbers on some of the
constituents concerned.

So the permits that you"re used to seeing are different than
this?

Yes.

And again, just to put a cap on it, In what respect?

Well, they would have actually numbers for the discharge.
Like, there would be a total dissolved solid discharge for
example In a permit that would require them to -- so that
they -- there may be some mixing values or something. But
they may have a discharge that may be 800 milligrams per

liter, for example, that would be -- that would require that
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you can"t discharge this, and 1f you do, it"s a violation
and then there®s rather severe consequences if you have a
reportable violation.

One of the things -- and 1"m going to switch gears with you
for just a moment. One of the things I™"m iInterested 1iIn
hearing you comment on is whether or not you see any
evidence that the Department of Environmental Quality
required pilot testing or even base scale testing of this
system.

No. And that was, | guess, one of the concerns as 1 started
looking through; that there®s quite a few numbers and
sometimes as many as Ffive significant figures, meaning --
suggesting they have a very extensive knowledge of how well
the water is being treated. But these were all based on
expected -- like, a 95-percent treatment in, say, 1 R --
reverse osmosis process. So there was, to my knowledge --
and | don"t believe there was any testing of the treatment
facility at all. It was just based on manufacturers-
expected water quality. There was no -- that 1 saw, any
taking the waters and making a synthetic water and even
sending 1t through any kind of experimental system. It was
pretty much just using values that a water treatment company
had given -- had provided, and then another -- the modelers
had predicted what the water quality would be. Then the

water treatment people predicted how that water would be
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treated. And so there was really no even laboratory-scale
testing of this -- of this specific water.
Why not just wait until the system is up and operating and
sort of figure i1t out then?
That"s --

MR. BRACKEN: 1 object to the argumentative nature
of the question.

MR. EGGAN: Well, I think it"s --

JUDGE PATTERSON: Can you rephrase 1t?

MR. EGGAN: Sure.
Given the ecosystem there, does i1t make sense, iIn your
expert opinion, to wait until the system is up and
operating?
No; no. And I don"t --
Tell Judge Patterson why.
This is probably -- no, this is certainly the most expensive
water treatment system l"ve ever seen, and 1It"s a very, very
complicated system. | do not know of another system of its
type that has used all these different components together.
And it 1s -- it would be highly unusual to have all these
components put together and work the first time out. 1
mean, it simply is unprecedented, 1 think, In the type of
water they"re treating using this type system with this
severity of ecological impacts if they"re wrong. So 1

suspect that certainly before designing the system, |
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suspect there would need to be quite a bit more work before
you can assume a system like this will work.

We"re going to talk about the specifics of the system in a
few minutes. But iIs there anything about the system and the
proposal that has been made that leads they to believe that
the company isn"t certain whether it"s going to work?

Well, there®s a —-

MR. BRACKEN: 1I1"m going to object to the fact that
he"s now going to speculate as to whether the company thinks
it"s going to work or not.

Well, 1 think 1f there"s evidence iIn the materials that
you“"ve looked at that lead you to believe that the company
may think 1t"s an untried, untested system --

Well, yeah, there was -- one specific example I saw is --
boron is very difficult to treat. And the second reverse
osmosis system may or may not work effectively on boron.

The proposal 1s not unreasonable, but i1t may or may not
work. And the company, in one -- 1 think It was Figure 6-1,
basically said that "We may substitute an i1on exchange

system for the reverse osmosis system,”™ which sounds like
not a big deal, but that"s a big change in how you would
operate the water treatment system; "We may substitute an
ion exchange system for the reverse osmosis system.”™ And it
suggests that they®ve never tried it exactly under this

configuration and they"re basically -- you know, at least it
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Is somewhat apparent to me -- and when 1°ve done these
things you"d say, "Well, if this doesn®t work, then maybe
we"ll try this.”™ And so -- but i1t does -- i1t does point to
the i1ssue that certainly this water treatment system has not
been tested, and they®"re not completely sure how they"re
going to configure i1t yet either.
Let"s take a look at the components of the system together
and walk through the system a little bit, so that we all
have an understanding of what we"re talking about.

MR. EGGAN: Jan, could I have MDEQ Exhibit 118,
MDEQ 0101147
Doctor, I wonder if 1 can get you to get up with your
pointer and give us sort of an overview of how the system is
going to operate; where the water is going to enter, where
it"s going to go and where 1t will end up?
Well, there"s a variety of components of water --
contaminated water that the system i1s going to treat. These
are the so-called contact water areas. And there®s --
certainly this i1s the underground workings that are going to
be pumped up from underground, put in this contact water
basin. And these (indicating) are the two where the water -
- the contaminated water is going to be stored. So it"s
going to come from underground and some of the seepage and
some of the water that comes up from there. You“ve got this

temporary rock storage area which is going to receive rain.
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It will be covered, but there will be water that comes off
this site; that will be pumped in here (indicating).
There®s other areas around here that -- truck washing, for
example, where they“"re going to have water that comes from
some of these area down here that are also going to be
contaminated because the trucks will have gotten dust on
them that are perhaps sulfinic and fairly reactive. That
will all be pumped over here.

So this will be the -- all the contact water that
comes from the mine as well as the surface facilities. It
will go into these two contact basins here, and them there
it"s going to be treated iIn this water treatment system and
then ultimately pumped around --

You call that the water treatment system. We"ll be
referring to that as the wastewater treatment plant?

The wastewater treatment plant is right here (indicating).
Okay. Very good.

And then i1t comes around and It goes into this (indicating).
This basically i1s a land application system for infiltrating
water into this array here, which then is infiltrated into
surface water -- excuse me -- iInto the surface soils.

Very good. And we talked about -- we talked about this land
application system. 1 believe that the wastewater treatment
system plan submitted by Kennecott referred to that as the

treated water infiltration system?
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Yes. TWIS.

TWIS. Very good. 1 want to talk for a minute about some of
your basic conclusions. Okay? If you want to sit down --
ifT you"re more comfortable standing, you can stand.

111 sit down. Thank you.

Okay. Is the design of this system as a whole dependent
upon predictions that the company has made with respect to
inflow volumes -- the volume of inflow of -- the volume of
the water? Is 1t dependent upon that?

Absolutely.

Is 1t sensitive to that?

Very sensitive to that.

And tell the judge. When we talk about i1ts sensitivity to
the volume, tell the judge what we"re talking about.

Well, the system is designed for a maximum inflow of about
350 gallons per minute. And I think 1t"s designed for 250
with an uncertainty of another 100, so they could
accommodate 350 gallons a minute for water treatment.

Beyond that, though, there®s not much flexibility. It"s not
as though you can add more chemicals or vary some parameter
that"s easy to change. This system iIs pretty much going to
be fixed at 350 gallons a minute, primarily because the ion
exchange -- or excuse me -- the reverse osmosis system as
designed -- you can"t push more water through it than what"s

its design capacity. So i1t"s pretty much fixed at 350 or
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thereabouts.

What will be the impact on the wastewater treatment system
as a whole if the water exceeds -- 1f the amount of inflow
exceeds the company®s prediction and the permitted level of
350 gallons a minute?

It just simply will not be able to accept that volume of
water, and 1t will not be able to treat that volume of
water.

Will there be a need to redesign at that point?

Well, absolutely. You"d need to redesign and design it for
the amount of water that would be flowing in.

Now let me move on to another question. The wastewater
treatment system that has been designed by the company, 1is
it also dependent on predicted water quality?

Yes.

And Is It sensitive to that?

It"s sensitive to 1t In a couple of constituents that are
critically important.

And what are those constituents?

Well, the -- 1 think the most sensitive one, based on what
we"ve seen here, is probably copper. We can come back to
that, but it"s -- boron doesn®t vary by all of the
predictions, both of the company as well as Dr. Maest.
They"re generally consistent for boron. But it"s very

sensitive to boron concentrations because it -- there®s not
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much difference between what the expected effluent
concentrations will be and what the discharge requirements
are going to be. So I think copper and boron are two of the
ones where there®s a critical issue of how well that
treatment system will treat them.

Now, you®"ve iIndicated that it iIs -- the system is apparently
based on predictions that the company made in terms of water
quality?

Yes.

IT the water quality that arrives at this system iIs worse
than that -- or poorer, 1 should say, than that predicted by
the company, what will be the impact on the system?

Well, there"s operations considerations of the system in
terms of fouling iIssues.

When you say "fouling issues,' describe what you mean.
That"s a good point. Fouling occurs when you get
precipitation occurring, meaning crystals formed during the
process. And when you have -- In reverse osmosis what
you"re doing is pushing water through the membrane.
Generally very good quality water goes through the membrane
and all the salts remain behind. And when those salts
exceed what is called the solubility product, they form
small crystals. And as projected certainly by Dr. Maest,
the concentration of calcium and sulfate are such that they

will form calcium sulfate crystals called gypsum. And that
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tends to be one of the major fouling processes of membranes.
And so the water -- iInput water quality is going to be very
important for this fouling i1ssue on that particular
membrane.

And we were talking about what the impact would be 1If the
water that arrives at the wastewater treatment system is of
a poorer quality than predicted by the company. What is
that impact specifically? 1Is the system going to work?

It certainly is not going to work as designed. Now, how
well 1t works, there"s -- there are always cleaning things
you can do with membranes, but the amount of effort that"s
going to be put into these cleaning and basically
anti-scaling agents, which they"re called, to get rid of
these materials are going to have to be monitored. What"s
going to happen is the treatment system is going to be under
more duress. And as complicated as this system is, the
performance is going to -- you know, I would predict it
would go down in a significant way.

IT the water treatment -- excuse me. |If the water quality
IS worse than as predicted by the company, do you have a
recommendation to the company as to design?

I think they would have to go back and redesign it.

IT the water quality is worse?

Right.

Okay. Let"s cover both of these points with information
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that has been presented to the hearing officer in this
hearing already. Let"s look again at the inflow rate issue,
and 1"m going to ask you to look at -- look to your left at
Petitioner™s Part 31 Exhibit Number 44.

Right.

In the left-hand column, you see the estimated inflow rate,
upper bound inflow, the rate used to design the wastewater
treatment plant. That"s "C." "D" is the treatment
capacity, and "E" i1s the rate used to size the treated water
infiltration system. All right? The figures under "KEMC"
are figures that come from the KEMC permit application and
from the -- yes, from the permit application. Have you
looked at the permit application Can you confirm that those
are the numbers?

Yes, they are the numbers.

Okay. Good. And when Dr. Prucha was here, he wrote in on
the right-hand side of Exhibit 44 his predictions as to what
those inflows actually will be.

Uh-huh (affirmative).

And you can see that his estimated inflow rate was 280
compared to the company®s 75 gallons per minute -- 280
gallons per minute. And "B is -- upper bound inflow was as
high as 3,000 compared to the company®s 215. The rate used
to design the wastewater treatment plant was 250 by the

company, but Dr. Prucha was 3,035. The treatment capacity

Page 2176



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

of the system -- and this i1s the wastewater treatment plant
actually -- is 350 gallons per minute under the KEMC
prediction, but Dr. Prucha thought i1t would be somewhere
near somewhere near 3,135 gallons per minute, and then this
last column, the rate used to sign the treated water
infiltration system was 400 gallons per minute, and Dr.
Prucha predicted 3,185. Given the figures on Exhibit 44, if
the water is coming to the system at rates predicted by Dr.
Prucha, what is your conclusion on the impact of the

system -- excuse me -- on the Impact to the wastewater
treatment system?

well --

MR. BRACKEN: I want to preserve an objection for
the record, your Honor, about Dr. Prucha®s numbers and lack
of foundation for them. 1 think we made that objection. 1
was in the courtroom that day, and I want to continue that
objection.

MR. EGGAN: Well, I don"t recall whether there was
or wasn"t, but that i1s an exhibit that has been admitted
into this case, and so I think we"re beyond that point.

MR. BRACKEN: Well, I don"t think we"re beyond
that point. 1 think It"s an exhibit, and it"s been admitted
for the purposes and for the weight that might be given to
it by the trier of fact in this case. And whether there"s a

foundation for it in the record is another issue. It"s
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been -- the exhibit speaks for itself on whether --
MR. EGGAN: I would agree that the exhibit does
speak for itself, but i1t is an admitted exhibit so --

JUDGE PATTERSON: But | think it was admitted over

objection.

MR. BRACKEN: It was.

MR. EGGAN: 1t was.

JUDGE PATTERSON: And you®re just reaffirming
that?

MR. BRACKEN: 1I"m reaffirming that, trying to --
MR. EGGAN: Very good.
What will be the impact on the system if Dr. Prucha is
right?
These are -- this (indicating) is Dr. Prucha®s estimate of
inflow from the mining system. There"s also another 100
gallons per minute added on there from the meteoric water,

just dealing with all those sorts of things. So this would

be 380, 1 believe, from -- if you include the water from --
if I"m not mistaken, from all the various -- so even this is
going to be --

MR. BRACKEN: Can I have a -- I™m sorry.

THE WITNESS: Go ahead.
MR. BRACKEN: [I"m sorry. | apologize for
interrupting, Doctor. It"s --

THE WITNESS: No problem.

Page 2178



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

MR. BRACKEN: That was not nice. It was impolite.
This 1s -- 1 want to make sure that the record®s clear that
this 1Is not any testing or -- that you"ve done again.

THE WITNESS: No.

MR. BRACKEN: Okay. | just wanted to --

MR. EGGAN: No. This is Dr. Prucha®s. This is
Dr. Prucha®s testimony, yeah.
Yeah. |If you add --
Dr. Miller, what I1"m really asking is, if Dr. Prucha"s
numbers are correct, what is the impact on the system?
The system simply would not operate. 1 mean, there would
be -- the maximum amount of water that would be treated
under that system is 350 gallons, and none of these,
including this (indicating) one -- if that does not include
the water -- the surface water treatment from the contact
area on the surface, none of these would -- the water
treatment system would certainly not be able to treat this
volume of water. And obviously, at this three -- ten times
higher water flow, i1t would certainly not be a successful
treatment of water.

MR. EGGAN: Bear with us, your Honor.

JUDGE PATTERSON: Sure.

MR. EGGAN: This 1s an exhibit that was presented
by the Petitioners in the groundwater permit but which has

already been offered into evidence. 1 want to make sure 1
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get the exhibit number correct.

JUDGE PATTERSON: Okay.

MR. EGGAN: Your Honor, this is an exhibit that
has been previously admitted and -- as Exhibit Number 66.
Dr. Miller --

MR. BRACKEN: [Is this one of -- I"m sorry, your
Honor. Is this one of Dr. Maest"s?

MR. EGGAN: It is; it is. |1 was just about to say
that. Your Honor, this i1s an exhibit that was offered
through Dr. Ann Maest.

JUDGE PATTERSON: All right.

MR. EGGAN: And what it purports to be is the
predicted wastewater treatment plant influent concentrations
during years four and seven of operation.

Do you understand what this purports to represent, Doctor --
Dr. Miller?

Yes; yes.

As you can see, Dr. Miller has offered some predictions as
to her own -- 1"m sorry -- Dr. Maest has offered some
predictions as to what the influent concentrations are going
to be to the wastewater treatment plant in years four and
seven. Have you seen this exhibit before, and have you
looked at 1t?

Yes; yes.

IT Dr. Maest"s predictions as to water quality in years four
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and seven are accurate, what will that do to the -- what
impact will that have on the wastewater treatment system at
this mine?

Well, 1 might mention, first of all, that, since there iIs no
discharge requirements for several of these constituents,
they only have to report them if the discharge is unaffected
because there 1s no requirement. For some things like zinc,
which is -- zinc and nickel which are particularly a
problem, there is no discharge requirement for those. The
one where there is a discharge requirement is copper. And I
might point out, copper here, Dr. Maest i1s assuming at this
year four of about two orders of magnitude, a factor of 100
higher concentrations. And this would make the discharge --
monthly average discharge requirement for copper is 10
micrograms per liter.

And even i1f you used this (indicating) number, it
would be on your 700 micrograms per liter In the discharge
water. But 1 also might mention that this one is very close
to the discharge requirement, having the water quality at
.14. If they -- if this went up to .2 micrograms per liter,
it they were only off very, very slightly by this, i1t would
violate that -- and that was the amount of water, using
their assumptions and their analysis, it would violate a --
the discharge requirement. And this is the only one of

these that is really -- 1 think cadmium was on here too.
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Cadmium was not violated.

But 1 think copper is the only one of these that
is actually on the discharge permit. And copper would be
way violated if it stands. But if it"s only even .2
milligrams per liter here, it would also violate that
10-microgram-per-liter discharge.

Okay. 1 want to simplify this just a little bit. Okay?
Okay .

IT Dr. Maest"s predictions as to the influent water quality
are accurate, what impact will that have on the wastewater
treatment system? Will 1t need to be redesigned?

It will have to be redesigned.

Why is that?

Well, for two reasons. One, 1 think that the treatment
system was designed for a specific kind of water and just
normal operation characteristics; how long -- how many
redundant systems you"ve got to have; how many times you
have to bring it down and clean it; a whole variety of just
operation considerations. But then, more importantly, if
you assume everything is going to work, you have to look at
discharge limits. And for copper particularly -- and if Dr.
Maest®s numbers are correct or even close to being

correct —-- then it will fail the discharge standard.

Thank you. 1 want to talk for a minute about the contact

water basins, which are an element of this system. Let"s
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talk for a moment about the wastewater -- excuse me -- the
contact water basins, which are an element of the wastewater
treatment system. What are those contact water basi