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1 concentrations. Ithink --I think that's a fair 1 very general, and then I'm proceeding to the
2 statement. 2 specifics,
3 Q. And why is it better to do what -- what 3 And I -- I think that is in contrast to
4 you did and project the concentrations? 4 Dr. Johnson's approach, where he starts with a
5 A, Well, again, from a pragmatic standpoint, 5 surrogate very specific -- or a proxy very specific
6 what we're really interested in here is what is 6 compound and then tries to generalize the approach
7 present in field -- in the field, what is present in 7 based on that -- that choice of - of the proxy.
8 the bitumen as it exists the way God put it in place 8 Q. Well, for example, he takes issue with
9 versus that which exists after it's been processed 9 your application of Raoult's Law, does he not?
10 by man. 10 A. Yes.
11 Those are the two comparisons that we're 11 Q. And how do you respond to that?
12 trying to make, so I think it's - it's extremely 12 A. Well, again, these -- these are very
13 important to keep that in perspective and also to 13 dilute -- dilute systems, and the application of --
14 keep in perspective that what we should be looking 14 of that approach is appropriate in - in very dilute
15 at is as close to the bulk material data as possible 15 solutions. And in the -- especially in the -~ the
16 and not particularly making a lot of projections 16 raffinate phase, we're -- we're talking about parts
17 based on, like, a proxy compound. So I think 17 per million in -- in the raffinate. So it's very
18 it's -- I think -- I think that what I did has a -- 18 appropriate to use dilute solution assumptions or --
19 ahigh degree of validity. 19 or models in -- in these -- in these cases of very
20 Q. Okay. Now, you understand that in his 20 low concentrations.
21 March 16 testimony, Dr. Johnson takes issue with |21 Q. And what -- is that what you mean by
22 you -- 22 "dilute solutions"?
23 A. Yes. 23 A. Yes. I--Ithink a lot of the --
24 Q. --and your approach? 24 we'll -- we'll probably get into this ina - in --
25 A, Yes. 25 later on, but typically, the dilute solution
Page 50 Page 52
1 Q. How do you respond to that? 1 assumptions or simplifications that are used in the
2 A, Well, if I could just return -- maybe 2 chemical engineering theory are, you know, less -
3 look at -- at some of his responses to -~ to what 3 less than 1 percent concentration, and -- and
4 I'm saying. 4 here - here we're way under 1 percent, so I believe
5 First of all, I think that my approach 5 these dilute solution simplifications are
6 starts with actual data from documented sources, 6 appropriate.
7 There is a -- some discrepancy between the data, but 7 Q. Okay. Now, other than what you've
8 Ihave managed to come up with interpolated values 8 already testified to in terms of how your approach
9 between actual published figures for most of the -- 9 uses -- how you -- you -- you view your approach as
10 for most of the information that T was -- that I've 10 Dbetter, what other flaws -- what other significant
11 used in my analysis - 11 flaws did you find in Dr. Johnson's January 20
12 Q. And -- 12 testimony?
13 A, --those are actual numbers, actual 13 A, Okay. Turning, then, to -- 1 -- I had
14 concentrations. 14 a--Ihave a number of -- of items that — that --
15 Q. And you've been conservative, have you 15 that I think I'd like to contrast his work with --
16 not? 16 with my work, and the -- the first -- the first one
17  A. I've been --I've tried to be 17 is on -- on page 3, line ~- starting on line 12 of
18 conservative in my analysis. 18 his testimony, where he is comparing an increased
19 So I'm starting with -- my analysis 19 concentration for what he calls a tar compound, an
20 starts with a bulk concentration, a -- a large-scale 20 increased aqueous concentration of that, and he --
21 view of the system, and then I refine my 21 he's -~ he's comparing the -- he's -- he's making
22 calculations and try to project what a specific 22 the base of that comparison the pure component
23 compound would be resultant from that analysis 23 solubility of that material.
24 and -- so I think -- I think I'm looking at it 24 And again, thinking back to the real --
25 starting with a -- a base of information that is 25 the real world, the bitumen is not 100 percent
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B(a)P. It is a very, very minute concentration of 1 phase coefficients, we should use as close to the
B(a)P. So the basis of his starting comparison 2 actual extract -- extract solvent that we -- we can.
is -- I think sets up a -- an exaggerated comparison 3 Octanol is an alcohol. D-limonene is
from the get-go, and I think it is somewhat 4 a--isa hydrocarbon. There are specific
misleading to do that. 5 properties that are different between those two
There should be -- there will be 6 systems, solubility being -- being one of them,
insufficient B(a)P in the -- in the bitumen to 7 and -- so I think his choice of -- of that octanol,
anywhere nearly approach the pure component 8 again, is a -~ sets up a situation that adds to a
solubility, so I think -- T think his choice of -- 9 compounding of errors in his analysis.
of that starting point is -~ is -- is somewhat 10 Those -- those are the main -- main
exaggerated and sets up a -- a condition that should 11 points that -- that I have -- wanted to -- to bring
not be -- actually be compared. 12 out with -- with his analysis.
Again, along the same line, on page -- 13 The -- the other thing is, starting --
page 7 of his testimony, in line - in line No. 19, 14 just stepping back and looking at the big picture,
he indicates that the normal solubility of 15 the first thing I did was I -- I do sort of a logic
benzo(a)pyrene -- or B(a)P - dissolving from solid 16 lest or you might call it a sniff test. Does it
tar in water at room temperature is 1.5 micrograms 17 smell rotten or not?
per liter, and that's not correct. That -- that is 18 We have two extremely sparingly soluble
the pure component solubility. That is not the 19 compounds, both hydrocarbons: the bitumen and the
solubility that is dissolving from the tar. 20 d-limonene. Now, the structure of the d-limonene
And right above that, in the lines -- the 21 is - is, in -- in many cases -- or in many aspects,
middle of his page of testimony here, he shows a 22 quite similar to the structural compounds that we
benzo(a)pyrene figure and some data for 23 see in the bitumen.
benzo(a)pyrene, and then in lines 16 and 17, he 24 The d-limonene, which is used as a
refers to perylene, which is a completely different 25 solvent in -- in this case, is a monocyclic
Page 54
chemical, and so there's a bit of inconsistency 1 hydrocarbon with some -- with some appendages on it
in -- in what he's attempting to do here, 2 in terms of other carbon and hydrogen atoms, and it
Additionally, on page -- page 8,1--1 3 has some unsaturation. This is not unlike the
don't see any citation for where he came -- comes up 4 chemicals that are in the bitumen.
with the equation on line 11, and it appears to me 5 So we have two very like systems that are
that he -- he may be double-counting solubility 6 very dilute, and we also have the -- the guidance
terms there because the d-limonene, I think, is the 7 from Schwarzenbach that the combination of dilute
organic solvent, and then he's attempting to justify 8 hydrocarbons does not enhance the solubility -- the
additional solubility for that -~ for that saturated 9 mutual solubility of those hydrocarbons.
material, for that solvent liquid, and this is - 10 So from the get-go, it didn't smell right
his attempt to justify increased solubility is 11 tome. Idon't think that -- that what he's
actually in -- in conflict with the guidance that -- 12 attempting to do here and what he's attempting to --
that he uses from his own textbook on -- in the 1993 13 to show really adds up. It just doesn't make
Schwarzenbach text, it -- on page 97 of that -- of 14 logical sense. So that's part of the reason I took
that textbook, it clearly states that for -- for 15 my different approach and tried to contrast a
very dilute solutions of -- of hydrocarbons in 16 different approach to -- to what he does.
water, one hydrocarbon does not enhance -- appear to |17 So I think that's -- that pretty much
enhance the solubility of -- of the other 18 sums up what I would have to say about his original
hydrocarbon. So he's attempting to -- to do 19 testimony.
something that his very reference says is not going 20 Q. Sure. And there may be some -- some
to oceur. 21 other flaws that you saw in that, but you hit the
Then on page 8 of the same -- same page, 22 significant ones?
I would just like to say that I don't believe that 23 A. Ithink those are the most significant
octanol is a particularly good proxy for d-limonene. 24 things. I--1did -- I did quibble over other
If we're going to be looking at coefficients of -- 25 items in there that -~
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1 Q. Okay. Now, before we move on to his 1 water -- the -- the condensed water-terpene mixture,
2 March 16 testimony, I want to ask you if you have | 2 So it -- it - it is relatively volatile,
3 any specific experience with d-limonene, 3 It is not as volatile as - as gasoline,
4 A. Ido,yes. My --my thesis in -- when I 4 for example, but it has a significant vapor
5 was taking my master's courses at Montana State 5 pressure. I believe it's 2 millimeters of vapor
6. University, [ worked on terpene chemistry, and the 6 pressure at -- at ambient conditions, which is about
7 thrust of my research and my thesis was the 7 25 degrees centigrade and - 80 it -- it -- it -- it
8 separation of terpene chemicals, and I was 8 could evaporate.
9 separating a chemical called beta-phellandrene from 9 Q. Um-hum.
10 adipentene mixture. And dipentene actually is the 10  A. And, in fact, in -- in my laboratory,
11 racemio mixture of d- and |-limonene. "Racemic" 11 I--Idid need to keep my vessels tightly closed
12 means two different optical rotometers that are 12 because I would lose material through evaporation
13 mixed together. Not -- I said -- I said 13 otherwise.
14 "rotometers." I meant rotamers, 14 Q. Okay. Let's move on to the March 16
15 The - so1--1--1had a -- a fair 15 testimony, which is Exhibit 2 in this case. His
16 amount of experience working with those chemicals, |16 January 20 is Exhibit 1.
17 and I'm familiar with -- with a number of the other 17 So the March 16 testimony, what did you
18 terpenes that are associated with -- with that 18 find to be the -- the most significant flaws in
19 particular system. That system originated from a 19 that?
20 pulp product, turpentine. ButI--Tam familiar 20 A, Well, starting on -- on page 3 of his
21 with it, with the chemistry involved, yes. 21 testimony, I - again, I think the -- the initial
22 Q. Okay. Based on your experience with 22 flaw is in - is a flaw in approach. I explained
23 d-limonene, in your view, would it be a -- good 23 how I went from the general to the specific.
24 ingredient for U.S, Oil Sands to use for their 24 Dr. Johnson's analysis assumes that
25 operations? 25 benzo(a)pyrene -- or B(a)P -- can be a proxy for the
Page 58 Page 60
1 A. Well, I -- I really think it's an 1 bitumen, and at face value, that has some validity,
2 excellent ingredient. It's a natural chemical. It 2 However, you -- you - we must consider that bitumen
3 isan extremely good solvent. Ithasa --a 3 is comprised of hundreds -- I believe thousands --
4 pleasant odor. It'snot any kind of an irritating 4 of different individual compounds, so picking a
5 odor at all. And it has a quite low, if - if 5 specific proxy to represent that large suite of
6 nonexistence, toxicity -- human toxicity. SoI 6 compounds in bitumen is a leap of faith.
7 think it's an excellent solvent choice. 7 I believe it's more appropriate to first
8 And it actually is -- d-limonene is 8 look at the bulk characteristics and then move to
9 becoming used more and more for a lot of industrial 9 the specific, rather than picking a specific proxy
10 applications. And -- and, in fact, in - in a lot 10 which may not encompass the entire range of
11 of garage applications, you'll find d-limonene type 11 chemicals -
12 soaps. Just last month I was using that when my 12 Q. Um-hum.
13 hands were greasy. It has a very pleasant aromaand |13 A. - and proceeding with that proxy
14 really cuts the grease, so it's an excellent 14 analysis.
15 solvent, excellent choice. And being a natural 15 But he -- he does that, and he states
16 product as well, which is, you know, a very green 16 that his -- his analysis is conservative, but I'd
17 type of approach. 17 like to infroduce that I think that it could be
18 Q. And what's your experience with its 18 viewed as a -- 4 liberal estimate rather than a
19 volatility? 19 conservative analysis.
20  A. Inmy separation of my chemicals, I - I 20 Page -- on page 4, Dr. Johnson begins to
21 was able to volatilize the - the ~- the dipentene 21 criticize my work, and he speaks to my report as
22 and the various chemicals by steam stripping with -- |22 speaking only to dilution, and as I've explained,
23 with a very small amount of -- of steam and then 23 that is not true. I'm speaking to the equilibrium
4 condensing that steam by steam distillation and then |24 between the different phases, and my report uses the
25 collecting the -~ the terpenes from -- from the 25 published literature values for properties of the
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. from the Schwarzenbach text. I misspelled 1 A, Yes
2 Schwarzenbach there, But that is shown - the 2 Q. --soifyou want to zoom in there so it
3 formula is shown here, and the activity coefficient 3 shows up a liitle better. Olkay.
4 is shown, and the — that activity coefficient can 4 Now, you have a — you're - you've
5 be approximated as 1 with regard to the statements 5 become familiar, in this case, with the de-watering
s made on page 237 of Schwarzenbach, 6 mechanisms that U,S. Oil Sands plans to use in its
7 And again, that deals with the ideality 7 operation?
8 of the hydrocarbons mixing together, which shouldbe | 8 A, Yes. I'm - I'm -- I'm not familiar, but
9 acoefficient very close to 1. 9 I'm aware of them, and I understand the processes
10 So then combining the activity -- or 10 that are involved,
11 combining the two ftems that are -- we obtain 11 Q. Okay. And are you - are you familiar
12 from -- from the first page -- the ,201 mole 12 with the mechanisms that they - do you have any
13 fraction times the - the liquid saturated 13 experience with the mechanisms that they plan to
14 solubility -~ we come up with a calculated 14 use? '
15 solubility of 9.89 micrograms per liter for - for 15 A, Yes, I am familiar and experienced with
16 the approach - a -- a similar approach to what 16 different types of filtration and have actually used
17 Dr. Johnson uses. But this, again, is out of the 17 that on -- on sites, The two units that are shown
18 Schwarzenbach fext. 18 . here are a — a vacuum disk filter and a horizontal
19 And then the solubility increase factor 19 belt filter,
20  liko - like he is utilizing in - in -- in his 20 . Q. Okay. And how effeetive at de-watcring
21 apalysis would be comparing that increased 21 are those mechanisms?
22 solubility to the -~ to the pure component 22 A. Those are very effective. Typically,
23 solubility. 23 they operate with a vacuum assist. So the slurry
24 Dividing those two, the ratio then 24 enters on top of the filtration element, and the
25 becomes 6,51, which is the increase factor that 25 liquid is pulled through the filtration element,
Page 78 Page 80
1 could be attributed to this method, and that's 1 leaving the -- the solid material on top of the
2 vastly different than the 1,500 that - that he 2 element. And then the solid material is either -
3 obtained, SoIthink it does point back to the 3 either - well, it is then mechanically discharged.
a possibilily of those - some of those accumulative 4 But in the process of filtration, the
5 errors that -- that he made in his analysis. 5 filter is normally operated so that as the filter
6 Q. Okay. And one last area I want:to go 6 cake moves through the unit, the final — the final
7 over with you... 7 fiitration step or the final filtration portion
8 (Whereupon, Exkibit No, 19 was marked for g of - of the route through the unit involves
9 purposes of identification.) o actually sucking air through the cake by - by that
10 BY MR. HOGLX: 10 vacuum,
11 Q. I'm banding you what's been marked as 11 So you want ~- you want the - the vacuum
12 Exhibit 19. Do you - can you identify that for us? |12 filter to remove the liquid and then get it to the
13 A. Yes. This is the -~ the flowchart for 13 point where it's dry enough so that it's actually
14 the U.8. Oil Sands process that -- that I reviewed 14 transferring air through that filter cake. And
15 in the initial part of my work., That was supplied 15 that -- that is both the case for the horizontal
16 to me. Thave seen this before, 16 belt filter and the - the disk filter, as -~ as
17 MR. HOGLE: And I would move for the admission |17 well as many other filration elements.
18 of Exhibit 19, 18 Q. And when the cake or the solids come off
19 BY MR, HOGLE: 19 the line, how would you characterize the -- its
20 Q. Why don't -~ yeah, usc the document 20 dampness or its saturation?
21 camera to show that, And - and just summarily ~I [21 A, Well, the - the whole object of
22 mean, this will be done before your testimony is -~ |22  filiration is to -- to obtain a cake that is
23 i§ =~ is displayed, but I want to focus you in on 23 handleable, so you want to remove as much of the
the - the lower right-hand portion, with respeetfo |24 water as possihle, And I'd characterize the
—o the de-watering unit -- 25 filter - the filter cake at that point as being no
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1 longer free draining, Tt would be -- it would still 1 Does that ring a bell? ‘

2 have some moisture in it in terms of being a damp 2 THE WITNESS: Was this -~ is that ~ let - lot

3 malerial, but it would be welf below saturation, 3 me just check. If it's referring to the February

4 MR, HOGI.E: No further questions at this time. 4 21, 2008, attachment to Bob Bayer's letter to Mark

5 MR. DUBUC: Are you ready to go off -~ let's 5 Novak, titled "Request for Permit-By-Rule

6 take a short break, please. 6 Determination," then the answer is yes, Otherwise,

7 MR. HOGLE: All right, 7 the answer is no,

8 YIDEOGRAPHER: We're gomg off the record at | 8 BY MS, WALKER: .

9 12:30, 9 Q. Okay. So let's call that the -~ for -~
10 (Off the record) 10 for the time being -~ the Permit-By-Rule, Okay?
11 VIDEOGRAPIHER: We're back on the record at {11 Does that work for you?
12 12:42, 12 A Yes
13 13 Q. Okay. So you did review that documcllt?
14 EXAMINATION 14 A, Yes,
15 BY MS. WALKER: 15 Q. Soisyour analysis in that document?
16 Q. Thank you, Mr. Handl. Did you 16 A, No.
17  participate in the drafting of the Permit-By-Rule |17 Q. As far as you're aware, is your analysis
18  document? 18 in any docuunents that were before the agency when it
19 A, Ididnot. 19 nade its decision in Febroary 20117
20 Q. Did you participate in the drafting of 20 A. No.
21 the Notice of Intent? 21 Q. Does your testimony answer or attempt to
22 A. Ididnot, 22 answer the question of whether, in your opinion,
23 Q. Did you give anything to the ageney - 23 d-limonene affects the solubility of the tar
24 and by "the ageney," I mean the Division of Water |24  compounds in water?
26 Quality -- before it made its decision in February 25 A, Yes.

Page 82 Page 84

1 20112 1 Q. Does the Permii-By-Rule answer the

2 A, No, 2 question of whether d-limonene affects the

3 Q. When did you first have a role in this 3 solubility of tar compounds in water?

4 project? 4 A, Idon'trecall,

5 A, Itwas after Dr, Johnson's original 5 Q. Doesyour testimony ask the question of

6 testimony, and I don't know the exact date, but I ¢ whether d-limonenc affects the solubility of the tar

7 think it would have been carly Febtuary, 7 compounds in water?

g Q. February of what year, please? B8 A, Yes,

8 A, This year, 2012, 9 Q. Isthatquestion relevant to
10 Q. Does your analysis appear in that NOI, 1o understanding whether the processed sands are g
11 the Notice of Intent? 11 potential source of contamination?
12 A, Idon't know, 12 A, Yes.
13 Q. Did you review the NOI? 13 Q. So--but you're unaware of whether the
14 A, No. 14 Permit-By-Rule answers that question?
15 Q. Does your analysis appear in the 15 A, I'wasnot asked to look at that, so I'm
16 Permit-By-Rule document? 16 not really aware of that.
17 A, Tdon't know. 1don't think it does, 17 Q. Okay. Well, would you turn to page 7 of
18 Q. Did you review that document? 18 the Permit-By-Rule, please? That is an exhibit to
19 A, Tdon't believe so. I--that - is -- 19 your testimeny, Ol, Refercnce No. 3 you call it,
20 is that the -~ is that the document that Bob Bayer 20 This is already an exhibit because it's part of your
21 would have... 21 testimony. So if you would turn to page 7, please.
22 MR. HOGLL: He's not clear on what document 22 Okay. So I'm reading from the -~ it's
23 you're referring to, 23 uot the full paragraph but the last paragraph on
24 MS. WALKER: It's an exhibit to his testimony.  -|24 that page, and I'm going to read a statement, and
25 It could also be called the demonstration letter, 25 that is from this document, it says "The processed
Mim-t)-Seript® Charles Fisher Court R ortin (21) Pages 81 - 84
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tar sands wonld" -- "that would be disposed back 1 summarized in that table?
2 into the open pit represent the material with the 2 MS. WALKER: I think you're ~ I'm sorry if
3 characteristics most likely to contaminate the water | 3 I -- let me restate,
4 that contacts the material" Do you agreewith that | 4 BY MS. WALKER:
5 statement? 5 Q. Do these tables purport to summarize
6 A, Yeos. ¢ those tests?
7 Q. And would that statement also apply to 7 A, I-Tdon't know what the intent was,
8 processed sands disposed of in the waste piles? 8 Q. Okay. Sowhat docs this table tell us
9 A, Yes 9 about the potential of - what does this table tell
10 Q. Okay. So the next senience says 10 us about the potential of the peiroleum compounds
11 "Petrolewm compounds assoctated with bitumen 11 associated with the bitumen residual to be a souree
12 ridual" — "residual" -- I'm sorry - "entrained 12 of potential contamination? What does it tell us
13 process water, or remaining process chemical i3 about that?
14 represent, in theory, potential sources of 14 A, Itappears to give some concentration
15 eontamination.” Do you agree with that sentence? |15 values; however, there's no speciation.
16 A, Yos, 16 Q. I'msorry. Can you say what -~ can tell
17 Q. And does that apply to proeessed sands 17 e what "speciatlon” is?
18 disposed of in the waste piles as well? 18 A, I-I-1--1meantthe organic
19 A, Yes, ‘ 19 speciation with regard to the other hydrocarbons.
20 Q. Olkay. 8o the next sentence, which goes 20 Q. Olkay. I'm sorry. I still don'i
21 on to page 8, says "To further investigate this 21 understand what "speciation" is,
22 potential, lab analyses - using Toxiejty 22 A. Individual chemical makeup,
23 Charncteristic Leaching Procedure (TCLP Method 1311) (23 Q. So are you saying that it doesn't tell
24 and Synthetie Preeipitate Leaching Procedure (SPLP (24 us
25 Moethod 8270C/3510C and GC/MS 8260B), as wellas {25 A, Yes.
Pago 86 Page 88
1 leaehing procedures using other selvents (EPA Methed | 1 Q. - whether a petrolcan compound ~-
2 8015B/3545), were run on unproeessed tar sands, 2 A Yes,
3 processed sands, and processed fines," 3 Q. Okay. I'm going to have to — I'm roing
4 Do you agree that that's the proper way 4 to have to say the whole question, Sorry.
5 to answer the question of whether the petroleum 5 So are you telling me it doesn't tell us
6 compounds associated with the bitumen are a 6 whether the petrolerm compounds associated with the
7 potential source of contamination? 7 bitumen residne, enirained process-water, or
-8 A, Yes, I believe those would be appropriate 8 remaining processed chemicals represent a potential
9 methods. 9 source of contamination?
10 Q. Olay. SoI'd like to go through those 10 A, No.
11 tests one at a time, starting with the assessment of {11 Q. No, it doesn't tell us?
12 petrolenm analysis and other iydrocarbons, which |12 A, That's correet,
13 appears in a table on page 8 and 9, but the text 13 Q. Olkay. Thank you. So F'd like to move on
14 discussing it is on page 10 and 11, with another 14 to the next test. This is on page 10, undcr the
15 1iable, so if you conld turn to Table 4. 15 heading of Volatile and Semi-Volatilc Organics, and
16 Is it your understanding that this table 16 it's referring to -- well, it's referring to the
17 summarizes the results of those tests? 17 charts on those previous pages.
18 MR, HOGLE: Objection, foundation, 18 So 1I'm wondcring if this test tells ns
19 THE WITNESS: Do I need to answer or--- 19 anything about whether the petrolcum compounds
20 MR, HOGLI: Yes. 20 associated with bitumen residue - residual -- I'm
21 MS. WALKER: Oh, I -1 - so you need more 21 sorry -- entrained process water, or remaining
22 foundation for a document that was attached to your |22 process chemicals represent a potential source of
23 witness's testimony? 23 contamination?
MR, HOGLE: Your question, Joro, is whether he (24 A. Ithink it speaks to that, yes.
«u  knows whether all the tests are -~ test results are 25 Q. Inwhat way, pleasc?
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1 A, Thatthere is a de minitmis or -- or 1 testimony, argumentative,
2 minimal effect. 2 BY MS. WALKER:
3 Q. Does this test talk about petrolenm 3 Q. Wasityour--
4 compounds? 4 A1~
5 A, Yes, 5 Q. - was ityour tcstimony --
6 Q. What does it say about petroleum 6 A, Do you want me fo answer or -
7 compounds? 7 Q. I'msorry. Was it --
B A. You want me to read it back to you? 8 A, - rephrase your question again, I--
g Q. Sure, 5 you're --
10 A. "Tar sands are comprised of bitumen, 10 Q. Yeah, yeah, I'll rephrase. So was it
11 which is the non-volatile end member of the 11 your testimony a few minutes ago that the test that
12 pefroleum maturation process. By definition, then, 12 resulted in the figures for oil and grease and
13 bitumen contains little or no volatile or 13  total -- oh, PH -~ total petroleum hydrocarbons ~-
14 semi-volatile constituents, Therefore, it is 14 Table 4 — okay, Let me try -- try again. Sorry.
15 believed that the results still indicate a 15 Olay.
16 de minimis effect on groundwater from volatile or 16 Was it your testimony earlier that the
17 setni-volatile components, particularly given the 17 figures presented in Table 4 were not helpful to
18 hydrogeologic settings as described below," 18 determining whether petrochemicals were a source
18 Q. Soyou'resaying this test tells me that 19 of -- a potential source of contamination?
20 tar sands are comprised of bitumen, which is a 20 A. Ibelieve that's what I said.
21 nonvolatile -- I'm sorry -- which is the nonvolatile |21 Q, Olkay. So then, when I was asking yon
22 end member of the petrelenm maturation process? |22  about the volatile and semi-volatile erganics and
23 This test shows me that? 23 the tests that were supposed to reveal those, I was
24 A, I'mielling you that's what that said. 24 asking if that test shows that tar sands are -
25 That's what you -- 25 comprised of bitumen, which is the nonvolatile end
Page 90 Fage 82
1 Q. Does the - 1 member of the petrolenm maturation process.
2 A, - asked me to do. 2 So my question is: Do those tests show
3 Q. - testthat--okay. I'm sorry. I'm 3 that? And if I understand your - your answer, you
4 not being clear. Does the test that they ran show 4 referred back to (hose same oil and greasc and TRPH
5 that tar sands are comprised of bitumen, which is 5 numbers. Js that right?
6 the nonvolatile end member of the petrolenm 6 MR, HOGLIE: Objection --
7 maturation process? 7 THE WITNESS: Your -
B MR. HOGLE: Objection, compound. Youcango | 8 MR. HOGLIE: -- compound.
¢ ahead, 9 THE WITNESS: Your - your - your question
10 THE WITNESS: [ -1 don't ~ 10 is--is -~ is confusing, but what -~ what 1'd like
11 MS. WALKER: Does that tell us -~ 11 to summarize is that these tests do not fully
12 THE WITNLESS: --see a - 12 charaeterize the bitumen.
13 BY MS. WALKER: 13 BY MS. WALKER;
14 Q. Goahend -- 14 Q. Okay. So what does a volatile and
15 A, Do you want - 15 semi-volatile organic test show us?
16 Q. --goahead. Sorry. 16 A, A volatile organic test shows the -
17 A, ldon'tsee atest for bitumen here, I 17 depending on the analysis - the specific compounds
18 do see a test for hydrocarbons, including oil and 18 that are - that can be readily evaporated or are
19 grease, and total recoverable petroleum 19 volatile that are tested for in the particular test
20 hydrocarbons. 20 procedure applied to that material,
21 ), But those results were the ones you just 21 A semi-volatile test does the same except
22 said were not helpful in determining whethoer the |22  for it quantifies the various matetials that have a
23 petroleum compounds are a potential source of 23 lower volatility that - that, again, are part of
4 contamination, 24 the -~ this -~ the test suite. Not -- not all
25 MR, HOGLE: Objection, It misstates the 25  semi-volatile compounds nor all volatile compounds
MimeU-Seript® Charles Fisher Court Rgg (23) Pages 89 - 92
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Page 93 Page 66
are usually included in any one test. 1 Q. Could one -~
2 Q. Sois this the proper test to run to 2 A, --whether a test --
3 determine if the petroleum compounds are a potential | 3 Q. --could one --
4 source of contamination? 4 A, --be performed?
5 A, It would ~ it would show the potential 5§ Q. Thesecond: Could a test be performed?
6 for the materials that are analyzed here, yes, 6 Yes,
7 but -- but -- let me just stop there, 7 A, Yes,
8 Q. Does it rule out the petrolenm compounds 8 Q. And does the - do the results of any
9 Deing a potential source of contamination? 9 such tests exist in the record as far as you linow?
10 A, No, 10 A, Ican'tanswer that. Idon't know,
11 Q. Olkay, Then I'd like to go to this -~ the 11 Q. Have you seen any results of any such
12 TCLP test. It's on page -- which the narrative 12 tests on the processed fines from the PR Springs
13  explaining that is on page 11, So I'd like to ask 13 site?
14 you if this test is helpful in determining whether 14 A, Thavenot,
15 the petroleum compounds are a potential source of |15 Q. Sois there any empirical data that
16 contamination. 16 you've seen anywhere that supports your contention
17 A, Yes. 17 that the presence of d-limonene will suppress the
18 Q. Itis helpful? 18 transfer of PAH compounds into sclution as compared
18 A, Yes. 19 to the case of those same materials dissolving into
20 Q. Does it rule cut — so do the results of 20 water from the original virgin oil sands?
21 this test mean that the petrolenm compounds arenot |21 A, Would —would you repeat that, please?
22 a polential source of contamination? 22 Q. Okay. Just to be clear, that's a quote
23 A, The - the TCLP test does - does not 23 from your testimony at page 5. So what I'm asking
24 speak to petroleum contamination, as deseribed -- 24 is: Is there any empirical data that you have seen
26 Q. Okay. 25 anywherc that supports your contention — and here's
Page 94 Page 96
1 A, --onpagell, 1 where the quote from your testimony starts -- ""The
2 Q. Soig it fair to say that these tests 2 presence of d-limonene will suppress the transfer of
3 tleen, in the Permit-By-Rule, don't rule out 3 PAH compeunds into solution as compared to the case
4 petrolenm compounds as a potential source of 4 of those same materials dissolving into water from
5 contamination? 5 the original virgin oil sands"?
6  A. Yes, I think that's fair. 6 A, I'have --Ihave no - not seen any
7  Q, So what tests would rule that out? 7 empirical data.
8 A, Ihaven't been asked to look at that, 8 Q. Isthere any empirical data that you've
¢ Q. Do you have any opinion on it? 9 seen anywhcere that eontradicts Dr. Johnson's
10 MR, HOGLE; Objection, lacks foundation. 1o testimony that the presence of d-limonene will canse
11 THE WITNESS: I -- ] really don't have an 11 more tar -~ tar -- sorry — will cause more tar to
12 opinion on that, 12 dissolve in water than what cccurs in its absence?
13 BY MS, WALKER: 13 A. Yes.
14 Q. Okay. Sois there any test that would 14 Q. Empirical data?
15 test your anaiysis in your testimony? 15 A, What do you considet to be data?
16  A. Yes. 16 Q. Whatdo you consider to be data?
17 Q. What would that he? 17 A, Isit-- does a texthook qualify?
18 A. It would be chemical tests to confirm the 18 Q. Itook "data" in this question to mean
19 bitumen content and other chemical content in the 19 actual tests on actual compounds and actual
20 two phases and relate those together, 20 processed fincs,
21 Q. So you could aciually run a test that 21 A, Yes, I've scen summaries of the data, but
22 would determine the effect of d-limonene on the 22 Ihave not actually viewed the data.
23 solubility of the tar compounds in water? 23 Q. And where is that data?
A. Could I do that? Is that your question? 24 A, The one report that I reviewed that —
~w  Orare you questioning - 25 that speaks to that is an EPA dosument:
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Page 97 Page 68
1 BPA/600/M-91/009, March 1991, 1 conditions?
2 Q. And that document was created as a result 2 A, For dilute solutions, yes.
3 of -~ of actual lab tests or in-the-field tests? 3 Q. Arethere any dilute -- I'm sorry. Are
4 A. That's my understanding, 4 there any dilute systems -~ oh, I'm sorry. Let me
5 Q. And did it deal with tar and d-limonene? 5 iry again.
6 A. No. € Are dilite -~ are dilute systems always
7 Q. Okay. Any other data you want to refer 7 ideal?
8 mae to, please? 8 A, Ican't answer that,
9 A. No. 9 Q. Isthat because you don't know?
10 Q. Isitfair to say that you're assuming, 10 A, No, Because I don't I don't - I'm
11 for the basis of your analysis in your testimony -- |11 nof aware of all ideal — of all dilute soluiions.
12 or--I'm sorry. Ishould call it your expert 12 That was your question,
13 report -- that ideal conditions exist? 12 Q. So there could be some dilute solutions
14 A, Yos 14 of which you're not aware that are nonideal?
15 Q. So your analysis is based on an ideal 15 A, Idon't know.
16 solution? 16 Q. Do you know of any kinds of dilute
17  A. Portions of the calculations are, but the 17 solutions that are not ideal?
18 analysis itself is not. 18 A, I--Idon't have the -- the knowledge fo
19 Q. Can you tell me which portions are based 19 answer that question.
120 on ideal solution — 20 Q. So when you assumed that ~ well, let's
21 A, Yes. WhenI- 21 bring up your -- your -- your ternary diagram,
22 Q. --or--an ideal solution or... 22 please. Is that the right term?
23 A, Okay. Yes, I--Ican - when [ made my 23 MR. DUBUC: Do you -~ do you want it up on the
24 final caiculations of B(a)P from the -~ from the 24 screen?
25  bitumen dissolved in the raffinate phase, those are 25 Exhibit 7. Can we get Exhibit 7 on the
Page 98 Page 100
1 ideal calculations, 1 screen? Can we get Exhibit -- Exhibit 7, could we
2 Q. I'm sorry, Sois that the -- the 2 get that on tho screen, please?
3 exhibit - is it 19? Is that what you're referring 3 BY MS. WALKER:
| 4 to? Or areyou referring to your testimony? 4 Q. Can you push it up a little, please,
5 A I'mreferring to my report, 5 or -- that's good —
6 Q. Yourreport. Sois there anything in 6 A, Yesh-
7 your report that dees not assume ideal solution? 7 Q. -thankyou,
g A, Yes. 8 A, - justhold your horses,
9 Q. Please point that out. 9 Q. Okay., So on that diagram, you have an
10 A. Allof the data that I input are actual 10 arrow pointing to a point which says ""Bitumen
11  data as reported in the literature. They may or may 11 solubility in water." Do you see that?
12 ot have come from ideal solution information, but 12 A. Yes,
13 they're actual data. That's one example. 13 Q. And you also Itave a point that says
14 The theory of the ternary diagram is 14 "d-limonene solubility in water,” Do you sec that?
15 another example, The -- the approach that is 15 A Yes.
16 ouilined in Perry's handbook is another example, 16 Q. And so you drew a straight line between
17 Q. So areyou saying, when you did your 17 those two points; is that correct?
18 termary analysis, that you weren't relying on an 18 A, Yes.
19 idcal solution? 19 Q. And is it your understanding of
20 A, I'wasrelying on the data that was 20 Dr. Johnson's testimony that he drew a curve between
21 presented in the literature and interpreting - 21 those two points?
22 Q. So-- 22 A, Yes,
23 A, - interpreting that in accordance with 23 Q. What's the basis for drawing a straight
24 standard practice in Perry's hand -- handbook, 24 line?
25 Q. Soisstandard praciice to assume ideal 25 A, Perry's handbook.
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Q. So what in Perry's handbook gives you the
basis for drawing a straight line?

A. Dilute solution assumption.

Q. Soyou're assuming that dilute solutions
produce straight lines?

A. Yes. In this case,

Q. All right. Are there ~ in this case —

A, Yes.

Q. -~ are you saying that -- and that's
based on what?

o O Jdo WD

[
[=J

Page 103

MR, DUBUC: Thank you,

BY MS, WALKER:

Q. Okay. Under - I'm going to read that
first -- those first conple of sentences to you.
"Accurate knowledge of phase-equilibrinm
relationships is vital for quantitative
considerations of extraction processes. The
required guantities of solvent (and reflux, if used)
are set by these data. Also, the driving forces
determining rates of inass transfer are governed by

"‘"

[

A. My education, training, and background 11 these therimodynamic considerations. Since
and experience, 12 formulation of two stable liquid pliases in contact
Q. Isit bascd on testing -- data that tesis 13 with each other is an essential regquirement, at
the points on the line? 14 Jeast onc phase is almost certain to be one in which
A. No tests were conducted under my work, 15 soluic components behave thermodynamically in a
Q. Okay, So when you say it's based on your 16 strongly non-ideal way."
education and experience, are there any references |17 So I'm wondering: Do we have a situation
you can point to? 18 in ~- with onr d-limonene and tar where therc are
A. By "references," do you mean -- you mean 19 two stable liquid phases in eontact with each other?
written references? Is that what you're saying? 20 A, Isthat a question?
I- . 21 Q. Yes. Do you want me to say it agam?
Q. Yes. 22 A, Well, you're wondering. Idon't -1
A. Tdidn't bring any with me, no. 23 don't know how to respond to your wonderment,
Q, So does a straight line assume ideal 24 Q. Okay. Inyour opinion, do we have a
conditions? 25 situation with our d-limonene and bitumen where we
Page 102 Page 104
A. Yes, I believe it does. 1 have two stable liquid phases in contact with each
MR, DUBUC: Ate you going io hand him this? 2 other?
MS. WALKER: I don't know, Leave it. 3 A, Yes, wedo.
MR. DUBUC: All right, 4 Q, Soin-~according to Perry's Bible,
BY MS. WALKER: 5 then, we have a situation where at least one phase
Q. SolI would like you to look at, I thinl, 6 is almost certain to be one in which solute
what you've been calling Perry's handbook, Bible? | 7 components have behaved thermodynamically in a
Perry's Bible? g strongly nonideal way?
MR, MACHLIS: Is that Exhibit 87 9 A, We - we have - we have that condition,
BY MS. WALKER: 10 but you need to read to the bottom of that
Q. Oh, Exhibit 8, If I might turn your 11 paragraph.
attention to ~ I guess it's page 15-3, undor the 12 Q. Well, right now let's tall about this
heading Phasc Equilibrinms. 13 sentence. Does it mean something?
MR. DUBUC: Can we put that up on the screen, |14 A, I'm sure thaf it does.
please? Exhibit 8, the second page. 15 Q. Okay. Soif we have -- in our situation,
BY MS. WALKER: 16 we have two stable liguid phases in contact with
Q. So you see that part at the bottom that 17 cach other. Areyon saying they're both idcal?
says "Phase Fqunilibriums"? 18 A. In--in this - in this case of the
MR. BDUBUC: Could we enhance that, please? 19 particular limonene, bitumen, and water, I belicve
Could we zoom in on that? The bottom of that. 20 those phases are close to ideal, if not ideal,
Back ~- 21 Q. So does that conflict with this statement
MS, WALKER: Right. 22  here?
BY MS. WALKER: 23 A, It it~ it can be resolved with that
. Q. So the first paragraph under Phase 24 statement in the context of the entire paragraph.
Equilibrinms — 25 Q. Okay, I'd like to turn your attention,
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Page 103 Page 107
1 then, to the bottom paragraph of that same column, | 1 Q. Okay. And would you describe bitumen as
2 and it says "In what follows, only the simplest and | 2 immiscible in water?
3  most commonly occurring systems are described." | 3 A, Yes.
4 Do you agree with that statement? 4 Q. So ii's not more accurate to call it
5 A Yes. 5 partially immiscible?
6 Q. Soisour d-limonene and tar situation a 6 A, Ii's —it's a degree of -- of
7 simple and comnmonly occurring system? 7 exprassion, but I would consider both of those fo be
8 A, Ibelieve itto be a simple system, I 8 immiscible with water,
s don't believe it to be a commonly occurring system 9 Q. Sobyimmiscible — when you're saying
10 because I think this is a fairly unique systom. 10 they're immiscible in water, are you saying they're
11 Q. Sois d-limonene completely immiscible in 11 completely immiscible in water?
12 water? 12 A. Define "completely immiscible," and I'll
13 A. No. 13  tell you the answer.
14 () So how would you describe ils 14 Q. I'm asking you if, by "immiscible," you
15 immiscibility? 15 mean completely immiscible,
16 A, You--you cut--your last word cut out, 16 A, Yes, I would say they're completely
17 T wasn't sure what you said, 117 immiscible. As I desctibed before, there is some -
18 Q. How would you describe its immiseibility? 18 solubility in the water phase, but the fluids
19 A, TIthasa very minute solubility but tends 19 themselves are immiscible. They form a - an
20 to be immiscible in water. 20 oil-rich -- or a layer that does not completely
21 Q. And how would you describe -- I'm 21 dissolve in water, and the dissolution in the water
22  sorry -- and how would you describe the 22 i3 very, very minute, I would consider them to be
23 immiscibility of bitumen -- 23 immiscible,
24 A, Ithasa - 24 Q. Okay. So in your report, on page 2, you
25 Q. --in water? 25 stated "In a Type IT system' -- and by "Type II
Page 106 Page 108
1 A. --ithasavery low solubility in water 1 system,” you're talking about the ternary phase
2 but some measurable concentration. 2 diagram - "the two liquids used to effect the
3 Q. Canyou explain that in terms of 3 extraction of the solute are only partially
4 immiscibility, please? 4 immiscible.” I'm sorry. I said that wrong. Let me
5 A, The--the liquid -~ the liquid itself 5 start over.
6 forms a -- a layer or a separate phase with water; 6 "In a Type II system, the two liquids
7 therefore, it is — it's considered, from a lay 7 used to effect the extraction of the solute arc only
8 standpoint, to be immiscible. But the immiscibility 8 partially miscible and the solution dissolves
g does not always speak to the slight solubility in 9 between both phases." (As read)
10 the raffinate phase or the -- the water phase. But 10 So are you saying that - that -- now
11 they -~ 11 that the Type IT system doesn't apply?
12 Q. So-- 12 A, No.
13 A, ~they - 13 Q. Okay. Soitsays - if I understand your
14 Q. —isit fair to -- 14 testimony correctly, are you snying that a Type IT
15 MR. HOGLE: Hold on. He's not done yet. 15 system is appropriate only wherc the compounds are
16 THE WITNESS: They -- they are considered to be [16  partially miseible?
17 immiscible when -~ when speaking strictly of 17 A. No, .
18 niscibility, 18 Q. Sowhy did you use a Type 11 diagram?
15 BY MS, WALKER: 19 A, Because it applies to this system.
20 Q. Okay. Did you -- would you describe 120 Q. So why did you say in your testimony "In
21 d-limonene as being partially miscible in water? 21  a Type Il system, the two liquids uscd to effect the
22 A, I-Iwould call it an immiscible ftuid 22 extraction of the solute are only partially miscible
23 in water, 23 and the solute dissolves between both phases"?
1w Q. Immiscible? Is that what you said? 24  A. DBecavse that's what happens, The -- the
25 A, Immiscible, yes, 25 term "miscibility” is not an exact tetm, and what I
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Page 109 Page 111
meant in that paragraph was ~ was I was accounting 1 MR, MACHLIS: 15-4?7 Sorry.
2 for the dissolution of materials that I spoke to 2 BY MS. WALKER:
3 before. 3 Q. "InType Il systems (Figure 15-2b) S is
4 They are immiscible, but when you look -~ 4 partially miscible with both A and B, and a feed of
5 when you talk about that immiscibility in relation 5 any proportions of A and B may be processed."
& to the dissolution in the water phase, I was 6 Oh, it's not ike last sentence. Second
7 allowing for the fact that there is some dissolution 7 to lasi sentence, .
8 in the water phase, but the compounds are considered | @ "Raffinates lie on Curve UC, extracts on
9 to be immiscible with water. If's more of a » Wz
10 semantios question. 10 So what does that state -- how does that
11 Q. Okay. Soin Perry's bible, on page 5-14, 11 statement reflect on your contention that d-limonene
12 which is the next page there -~ can you haveitup |12 and bitumen are immiseible?
13 on the doeument screen, please. Flip -- 13 A, That — the immiscibility is what causes
14 A, 5-147 Idon't have a page 5-14. You'll 14 the phases to ocour, The more immiscible they are,
15 have to tell me what you're talking about. Idon't 15 the closer they -- the closer the water — the
16 see 5-14, 16 raffinate phase will be to the apex and the more
17 Q. Well, the pages - the next page -~ so if 17 highly soluble the oil phase is the eloser it will
18 you turn the page on this Perry's Bible -- there we |18 be {o the - to the axis on the right hand of the
19 .go. That's 5-14. X don't know why it's numbered |19 equilibrium - or of the fernary diagram, So it is
20 that way, And then - 20 & degree of -- it is ~ it is a question of degree,
21 A, Where? I have no idea what she's alking 21 Miscibility in this context is a somewhat .
22 about, 22 variable tern, The system that we are looking at is
23 Q. On the lefi-hand side of the page -- so 23 a lot more immiscible than the one that is
24 the first column -- in that -- just above that -- 24 diagrammed in the Perry's example with regard to the
25 okay. So the first column -- ean you zoom jn on the {25 water phase.
Page 110 Page 112
1 first eolumn, kkind of in the bottom, the bottomn of 1 Q. So the systemn we're talking abont is
| 2 the first paragraph? 2 more - if I understand you correctly -- is more
3 A, (Witness complied.) I'm going to have to 3 immiscible than the diagram on page 15-37
4 take another break. 4 A, Yes
5 Q. Okay, SoI'm looking -~ 5 Q. Canyou flip that pape over again?
6 MR, HOGLE: Joro -- & Sorry,
7 MS. WALKER: - at the last sentence in that 7 So does it matter how you define
8 circle - 8 immiscibility for your analysis?
9 MR, HOGLE: -- Joro, can we take a break real g A No.
10 quick? The witness needs a break. - |10 Q. It'sirrelevant?
11 MS, WALKER: Okay. 11 A, No,
12 VIDEQGRAPHER: We're going off the record at {12 Q. How ig it relevani?
13 [:34, 13 A, It'srelevant with regard to the amount
14 (Off the record) 14 of dissolution you get of the bitumen and bitumen
15 VIDEOGRAPHER: We're back on the rccord at (15 compounds into the water phase and, as well, the
16 1:46. _ 16 limonene into the water phase, so it is not
17 MR. DUBUC: Are you ready? Back on the record, {17 irrelevant.
18 Sorry. 18 Q. So areyou defining miscipility, then, to
19 MS. WALKER: I'm sorry, I'm trying to eat. 19 fit your argument, sometimes calling it partially
20 I--Tapologize. We haven't had a lunch break. 20 miseible and sometimes ealling it immiseible?
21 BY MS. WALKER: 21 A. Iam not defining miscibility.
22 Q. Olay. I'm poing to read the last 22 Q. Areyou then referring to it sometimes as
23 sentence iu that first paragraph in the left eolumn. |23 partially miscible and partially — I --I'm
MR. MACHLIS: I think it's on page 15-3. 24 sorry -- are you referring to miscibility sometimes
ot MS, WALKER: 15-4, 25 as partially miscible and sometimes immiscible?
Pages 109 - 112 (28) Charles Fisher Court Reportin Min-U-Script®

503 Iiast Mendenhall, Bozeman MT

715, (406) 587-9016

1

ki




Edward L, Handl, P.E.

Page 113 Page 115
1 A. No, I think I've already answered that 1 another?
2 question. I'm saying that miscibility is a variable 2 A. No, Idon't say that.
3 term that it's hard to say when a -- when a 3 Q. OKkay. Are you saying, in the system we
4 system -- if we were to have a series of 4 have here with d-Hinonene and bitumen, that the
5 miscibility, it would be hard to define when one 5 d-limonene and the bitumen can't affect each other?
6 considers the immiscible threshold to be crossed 6 A, No,
7 into partially miscible, It's a degree of - it's a 7 Q. Soare you saying that the presence of
8 spectrum type of an -- an approach, so it's - 8 d-limonene in the water will affect the -- the
9 it's -~ it almost defies explanation, Butif'sa o dissolving of bitwmen in the water?
10 degree of - a -~ a degree of separation. 10 A, In--inthe entire system, it will, yes.
11 Q. So how are we supposed to know what 11 Q. In the raffinate?
12 you're talking about? 12 A. The raffinate is part of that system,
13 A, Listen, I guess. 13  yes.
14 Q. DButhow do we know i{ you're talking 14 Q. Soyou'resaying the presence of
15 about -- where on that spectrum you're referring to? |15  d-limonene In the raffinate will influence the
16 A, I'mreferring to a highly immiscible 16 dissolving of bitumen in the water -- in the
17 system, as I stated before. 17 raffinate?
18 Q. Sowhen you say you're referring to a 18 A. Actually, the driving force will be the
19 partially miseible system, that's inaccurate? 19 other way around. The amount of limonene in the
20 A, No. 20 oil-rich phase will - will drive concentrations in
21 Q. Soyou're referring to both? 21 the raffinate phase.
22 A, Inmy report, I -- I refer to the 22 Q. Olkay. SoI'd like to turn to Exhibit -
23 partial immiscibility - immiscibility with -~ as 23 the -- the part from the textbook, What's his name?
24 it — as it relates to the dissolution of materials 24 DR. JOHNSON: Schwarzenbach,
25 into the respective phases. But in this system, it 25 MS. WALKIR: Schwarzenbach? Which is
Page 114 Paga 116
1 isvery -- it is a very immiscible-type system, 1 Exhibit -~ didn't we get to it? Maybe it's an
2 That's why the large, large separation between the 2 exhibit from - from [ast week. Okay,
3 two phase plots on the ternary diagram. That's 3 Okay. Ii's Exhibit 3 from last week, Do
4 about as best as I can explain it. 4 you have those?
5 Q. Soat what degree of immiscibility is the 5 MR, HOGLE: Yes. He's just poing to use my
6 system ideal? 6 copy. Okay, Joro?
7 A, Itis--itis ideal with respect to the 7 MS., WALKER: Sure. Page 97. We'veialked a
8 dilute solutions that we have in this system, I 8 lot about this,
9 think there would be great debate as to when that 8 MR, HOGLE: That's it, right there (indicated).
10 threshold is -- is crossed. 10 THE WITNESS: Ten?
11 Q. Soit's hard to say when a system is 11 MI, HOGLE: Yeah, It's - it's right in therc.
12 ideal? 12 It's opento it.
13 A, Again, it's a — it's a degree of - 13 THE WITNESS: Oh,
14  it's— it's a degree. The -~ the transition from 14 MR, DUBUC: Can you put that on the screen,
15 nonideal to ideal can be a gradientora —-a --a 15 please? Thank you.
16 degree, 16 DBY MS. WALKER:
17 Q. And yet you assume thai the system was 17 Q. Can you zero in a little, please, at that
18 ideal, 18 lower paragraph?
19 A, Yes. The - for this system, I'm 18 A, (Witness complied,)
20 assuming that it is ideal becaunse of the very, very 20 Q. Thankyou. So I'm just going to read
21 dilute solutions in the water phase and the very, 21  a--astatement sort of halfway down {hat
22 very concentrated solutions in the oil-rich phase. 22 paragraph, starting with "Finally," where the little
23 Q. So are you saying that in a dilute 23  markis.
14 system, then - I'm sorry, Yes -- in a dilute 24 "Iinally, if the organic ehemicals are
25  gystem, the -- the compounds can't affect one 25 present at a" « "low enough levels (less than 10 to
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Page 117 Page 119
the minus 3 volume fraction) then there is a low 1 temperature,
probability of even their hydration shells 2 Q. Andso, based on this statemcnt or your
overlapping, we can expect no effeet on the aqueous | 3 experience, you wouldn't expect to see an effect or
activity coefficient or (liquid) solubilities." (As 4 an increage in the dissolving of bitmmen in the
read) 5 water where the solubility of d-limonene is 13.8
So is this a rule of thumb? ¢ milligrams per liter?
A, I-Idon'tknow. He's speaking of' a 7 A, That's correct,
probability here, and the -- 8 Q. And you're basing that statement on the
Q. Okay. Boisita- o solubility of d-limonene in water?
MR, HOGLE; Were you finished with your answer? |10 A, Partially,
. THE WITNESS: He's speaking of a probability. 11 Q. Whatelse?
and overlapping of hydration shells, which are a 12 A, On the solubility of d-limonene in water;
theoretical consideration beyond what T have -~ am 13 on the extremely low solubility of bitumen in water;
familiar with, 14 on the ideal solution -~ dilute solution assumption;
BY MS. WALKER: 15 and additionally, on the guidance given in
Q. So does this statement apply to our 16 Schwarzenbach,
situation with d-limonene and bitumen? 17 Q. What did you say about "ideal solution
A, The very low volume fraction portion of 1g situation'?
that statement would apply. 19 A, Dilute -- very dilute solutions.
Q. So doos it -~ are there any situations 20 Q. Allright. And you're assuming them to
where you would still sce an effcet on the aqueous |21 be ideal?
activity or on solubility? 22 A, Inthis case, yes.
A. Certainly. 23 Q. Okay. SoIhave an exhibit. Tdon't
Q. Could the situation with d-limonence and 24 know what number ~ should we just continue with our
bitumen be one of those? 25 numbers, or do you want letters?
Page 118 Page 120
A, No, 1 MR. MACHLIS: No -
Q. So you're saying that this statement 2 MR. DUBUC: No, This -
rules out the possibility that d-limonene could have | 3 MR, MACHLIS: ~- you can put --
an effect on the dissolving of bitumen in water? 4 MR. DUBUC: - should be an exhibit for him,
A. No. 5 MS. WALKER: Okay. This exhibit is called
Q. Soitdoesn't ruleit oui? ¢ "Enhanced Concentrations of PAHs in Groundwater at a
A. No, 7 Coal Tar Site."
Q. So there are - there could be -- so. 8 (Whereupon, Bxhibit No, 20 was marked for
based on this statement, d-limonene could have an | 9 purposes of identification.)
effect on the dissolving of bitumen in the water? 10 THE WITNIESS: For things like this that I have
A, Yes, 11 not reviewed -
(). And that cffect could be to increase the 12 VIDEOGRAPHER: Should we go off the camera?
concentration of bitumen in the water? 13 MR. HOGLE: Yeah,
A, Tdon't think so, 14 VIDEOGRAPHER: We're off - we'll go off the
Q. Why don't you think so? 15 record at 2:06,
A. Because it is a dilute solution, and 1s (Off the record)
reading to the final sentence there, "Slightly 17 VIDEOGRAPHER: We're back on the record at
soluble hydrocarbons present in a solution do not 18 208,
appear to enhance the dissolution of other 19 MS. WALKFER: I'd like to move for this 1o be
hydrocarbons." That doesn't rule out any effect as 20 admitted as Exhibit - 've forgotten the number
you desoribed it. 21 already.
Q. So what's the solubility of d-limonene? 22 MR, DUBUC: Twenty.
A, Tn what material? 23 MS. WALKFER: Twenty.
Q. Water, I'm sorry. In watcr, 24 MR. HOGLE: I'd object to that. Has this been
A, 13.8 milligrams per liter at room 25 provided before?
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1 MS. WALKER: No, 1 BY MS, WALKER:
2 MR, HOGLE: Okay. That's the basis for my 2 Q. Do they -- are they the same or do they
3 objection at this time, 3 appear the same?
4 MS. WALKER: Well, you presented exhibits when | 4  A. They are the same.
5 Dr. Johnson was testifying that you hadn't provided 5 Q. So before we took the break, did you say
6 tous. 6 that the solubility of d-limonene is 13.8 milligrams
7 MR, HOGLE: The deadline for exchanging 7 per liter?
8 exhibits was after Dr. Johnson's deposition, 8 A, Yes,
9 MS. WALKER: Have you given us a list of g Q. And that that concentration was a factor
10 exhibits? 10 inyour analysis?
11 MR. HOGLE: Yes. 11 A, Yes.
12 MS. WALKER: When did you give it to us? 12 Q. Okay. SoI'm asking -- and that - I'm
13 MR, HOGLE: I think the 23rd is when we did 13 sorry. And that that was a factor -- did you say
14 that, 14  (hat that was a factor in your analysis determining
15 MS, WALKER: Well, objection noted, 15 that d-limonene would actually suppress the
16 BY MS, WALKER; 16 solubility of bitumen in water?
17 Q. This article comes from a reputable 17 A, Did--are you -- you're nsking did I say
18 journal; is that correct? 18 that? Or what --
1e A, Ldon'tknow. 1e Q. Yes.
20 Q. You've never heard of the Environmental 20 A, Ithink - I think --
21 Science Technology ~- Environmental Science & 2. Q. Or-
22  Technology journal? 22 A, ~itwasinmy report. I don't remember
23 A, Ibelieve I've heard of it. 'm not 23 saying that today.
24 familiar with it. 24 Q. Okay. So do you agree with that
25  Q, Isn't this the top journal in your field? 25 statement then?
Page 122 Page 124
1 A, No, 1 A, What — what -- read -
2 Q. Whatis the top journal in your field? 2 Q. Doyou want me to repeat the ~-
3 A. My field is more chemical engineering, so 3 A, -read that statement back to me again,
4 T look at Chemical Engineering Progress, Chemical 4 please. I—1wantto be careful how 1 answer
5 Engineering. I look at a variety of those type of 5 this.
6 magazines and some periodicals, I--1don't review 6 Q. Olkay. So~
7 the scientific technology journals. 7 A. That question, rather,
8 Q. Soarc you saying that the enhanced 8 Q. - is it your opinion that the solubility
9 concentrations of PAHs in groundwater at a coaltar | o  of d-limonene at 13.8 milligrams per liter is a
10 site is not your expertise? 10 factor in your conclusion that d-limonene would
11 A, Yes. ' 11 actoally suppress the solubility of tarin water?
12 Q. Okay. I'm wondering if you've heard of 12 A, Yes,
13 the Massachusetts Instituic of Technology. 13 Q. Olkay, Is bitumen a high ~ a hydrophobic
14 A, Isthere a question there? I have heard 14 orgonic - a hiydroplobic organic compound?
15 of'it, yes, 15 A. Yes,
16 Q. I'msorry. AndI'm wondering if you 16 Q. So-~-and are petroleumn compounds
17 could read the anthors on this paper? 17 hydrophobic organic compounds?
18 A, Allison MacKay and Phillip Gschwend. 18 A, Yes,
19 Q. SoI'm wondering - I'm sorry. Is 19 Q. And are PAHs bydrophobic organic
20 Phillip Gschwend also a co-author on a textbook? |20 compounds?
21 Organic Chemistry? Environmental Organic Chemistry? |21 A, Yes.
22 MR. HOGLE: Objection, foundation. 22 Q. Canyou tell me what PAILs are ~
23 THE WITNESS: The ~- the names appear the same, (23 A, Polyaromatic -
34 yes. 24 Q. - please?
25 /ff 25  A. - hydrocarbons,
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Q. So does this paper represent actual field
data?

A. Tdon't know.

Q. Would you take the time to review it so
that you ean answer the question?

MR, HOGLE: I'm going to object and insiruct
the witness not to answer, This is a lengthy
document ~ eight pages, single spaced, both
columns -- it's never been provided before, and we
don't have -- time is limited,
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Page 127

ahead and answer it to the best you can.

THE WITNESS: No, I -~ 1~ don't think it
refers or relates specifically to the
limonene-bitumen water system.

BY MS. WALKER:

Q. Why is that?

A, Because the sentence that you read just
says that there -- there was these increases.
That's afl - that's all the information I have.

Q. OkKkay. I'm going to read another

MS. WALKER: So when you provided documents to |11 sentence. "This suggested" -~ this is just a few
our witness - exhibits, we had never seen them 12 sentences down -- "This suggested pyrene association
before, We didn't prevent him from answering your |13  with humic acids. Given the decrease in groundwater
questions. 14 total organic carbon of 4 milligrams per liter upon
MR, HOGLY: I don't -- I don't think I had your 15 acidifieation and ultrafiltration" -- okay. Scratch
witness review a document like this that he had 16 that, Sorry. Hang on just a second.
never seen before, 17 Okay, I'm going to try to be more
MS. WALKER: Well, you gave us a -~ you gave us |18 helpful here and read a sentence from 1326 --
an EPA document that was - 18 MR. HOGLE: Page 1326,
MR, MACHLIS; That was your witness's 20 BY MS. WALKER:
testimony. The EPA document that we -- that was 21 Q. - which states that the degree -~ the
given in Johnson's document was -- was a document {22 decrease in total organic earbon concentration of 4
_that was referenced in his testimony, wasn't it? 23 milligrams per liter was assumed to indicate the
MS. WALKER: That's not true - 24 concentration of sorbent colloids. Does that
MR. MACHLIS: There was -- 25 indicate a cosolute?
Page 126 Page 128
MS. WALKER: -~ this document -- 1 A, Idon't believe a colloid is a solute,
MR. MACHLIS: -- never mind, 2 Q. Js humie acid a solute?
MR. HOGLE: Okay, guys. All right., Let - 3 A, Idon't know.
Let's ~ lef's continue with the examination, and we 1 Q. What - okay. So is this paper saying
can have the debate offline, 5 that thereis a very low concentration of humic acid
MS, WALKER: But -- so are you going to 6 in the groundwater?
instruct him not to answer that? 7 MR. HOGLE: Objection, lacks foundation.
MR, HOGLE: That's what I am doing, ves, 8 THE WITNESS: I don't know what the paper says.
MS. WALKER: Then we have to have the debate. | 9 BY MS. WALKER:
MR, HOGLE: I'm not going to change my 10 Q. Okay, Can you--can you read that
instruction. 11 paragraph, please, starting with the organic
BY MS. WALKER: 12  colloid ~ you don't have to read it out loud.
Q. Allrvight, Well, I'll read you a 13 A, What -~ which paragraph are you talking .
paragraph, the introductory paragraph to this paper. |14 about?
"Congentrations of polycyclic aromatic 15 Q. OKay. Itstarts -~ 50 it's the - on
hydrocompounds (PAHS)" ~ "hydrocarbons," Sorry-- |16 page 1326, the second column, It starts with "An
""in gronndwater at a coal tar site were elevated by |17 organie colloid."
factors ranging from 3 (pyrene) to 50" -- I'm not 18 A. (Wiltness reviewed document.) I've
going to say that -~ "over purely dissolved 19 scanned the paragraph.
concentrations." 20 MR. DUBUC: Lef's take a brief break, please.
Do you think that analysis is relevant to 21 VIDEOGRAPHER: We're poing off the record at
determining whether the presence of d-limonene would |22 2:24,
influence the solubility of tar in water? 23 (Off the record)
THE. WITNESS: Am I supposed to answer? 24 VIDEOGRAPHER: We're back on the record at
MR. HOGLE: Objection, lacks foundation, Go 25 2:41,
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Pags 129 Page 131
! MR. DUBUC; You can remove that document 1 MR. HOGLE: Objection, foundation,
2 screen, please. And can we have full sereen on 2 THE WITNESS: I -- 1 don't know the answer to
3 Mr, Handl? Thank you. 3 that,
4 BY MS, WALKFER: 4 BY MS. WALKER:
-5 Q, Okay. So let's talk about a different 5 Q. Okay. Have you reviewed any documents
6 topie. I'm sure you're disappointed. 6 that tell you the compounds that make up the
7 You estimated the solubility of bitumen 7 bitumen?
8 in water, did you not? 8 A, Ihave seen references to some compounds
8 A, Yes, Oh,the - 9 that are in bitumen, but in no way do I purport to
10 Q. Andin-- 10 have seen an indication of all the compounds that
11 MR HOGLE: Repeat it, Did you? 11 are in bitumen,
12 THE WITNESS: "Did you?" 12 Q. Soisthere a test that would tell yon
13 MS. WALKER: I'm sorry. 13 the makeup of the compounds in the bitmmen?
14 THE WITNESS: "Did you not?" What doesthat (14 A, Ibelieve tests, plural, would be
15 mean? Did you -- I did not - I did estimate, yes. 15 approptiate.
16 BY MS, WALKER: 16 Q. So did you use a proxy, then, for the
17 Q. And in doing so, did you state that the 17 100 -- for the solubility of the 100 to 1,000
18 actnal makeup of bitumen will consist of hundreds to |18 compounds? ‘
1¢ thousands of different hydrocarbon molecules? 19 A. No, lused a range of compound and then
20 A, Thave stated that, 20 made a judgment on a — a representative figure for
21 Q. Anddid you ehoose five of those as being 21 that range, 1did not use a single proxy.
22 representative of those compounds? 22 Q. Soyou necessarily estimated the
23 A, Yes, 23 solubility of the compounds?
24 Q. So for each of those compounds, did you 24 A, Yes, I -1~ Testimated --I -
25  determine the proportion of the total of the bitumen {25 Q. And what was that —
Page 130 Page 132
1 that--I'm sorry. Let me restate that, 1 A, --let me rephrase that. I estimated a
2 And did you determine for each of those 2 bulk solubility for bitumen. I --I-—1did not
3 compounds -- each of the five -~ the proportion of 3 estimate the solubility for the individual compounds
4 the total 1,000 — 100 to 1,000 compounds they make | 4 Tused. I used actual solubility figures.
5 up? 5 Q. Okay. Soisit fair to say that the
6§ A, No, 6 pragmatie, real world approach to determining the
7 Q, Soyoulooked at five compounds out of 7 makeup of the compounds in bitumen would be by
g the 100 to 1,000 without knowing the proportions of | 8 testing?
9 those compounds in the bitumen? ¢ A, That - that would be the preferred
10 A, Correct. 10 approach,
11 Q. So how did you come up with the 5 11 Q. So this ~ am I correct in saying the
12 milligrams per liter solubility -- 12  solubility you came up with was 5 micrograms per
13 DR. JOHNSON: Micrograms. 13 liter?
14 BY MS. WALKER: 14 A, Yes, '
15 Q. --micrograms per liter solubility? 15 Q. And do you know what figure Dr. Johnso
16 A, That's explained in my report. I looked 16  used for - for that same solubility?
17 atthat range of compounds, and I wanted to include |17 A. Not offhand, but I -- I think he used
18 some at the light end of the range and some at the 18 a~Ithink he ~ I don't believe he estimated a --
19 heavier end of the range, and 1 looked at the eniire 18 a bitumen solubility. I believe he used a
20 range and picked some in between and weighted it 20  solubility of B(a)P.
21 conservatively, 21 Q. Okay. So -
22 Q. And do we know the compounds that make up |22 A, T
23 the bitumen? 23 Q. --do you kuow what solubility -~
24 A, No, 28 A I-1-
25 Q. So that's nowhere in the record? 25 Q. Sorry.
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Page 133 Page 135
A, - think his solubility figure was 1 representative of the entire mix.
already mentioned, but I -- fet me just check here. 2 Q. Didn't you both use B(a)P as your
I think it's in my report. It was 1.5, wasn't it? 3 representative compound?
(Witness reviewed document.} I believe 4 A, Absolutely not,
Dr. Johnson started with a B(a)P solubility of 1.5 5 Q. Soonpage 4 of your expert report, are
micrograms per liter, so my starting solubility is 6 you estimating the concentration of B(a)P --
more conservative than his in that it shows a higher 7 A, Idoestimate the ~
solubility. 8 Q. --orwereyon -
Q. Is that value reasonably comparable to 9 A, Isshetalking again? Iam estimating
yours? 10 the concentration of B(a)P, yes.
A. Which value are you speaking of? . 11 Q. And was that for a single compound?
Q. Is 1.5 micrograms per liter close to 5 12 A, Itwas for B(a)P, yes.
micrograms per liter? 13 Q. So did this calcnlation include all the
A. Tt differs by 3.5. 14 hundreds to a thousand other compounds in bitnmen?
Q. So would you expect a lower concentration 15 A, Iaccounted for their presence, yes.
bascd on Dr. Johnson's solubility figure or your 16 Q. How did you account for their presence?
solubility figure? 17 A, By starting with the range of solubility
A. Dr, Johnson uses a lower solubility 18 data that we spoke of just previously.
figure, I'm not sure I'm answering your question, 19 Q. Soyou did use B(a)P as a representative
though. ' 20 compound?
Q. So is the concentration calculated in 21 A, Letme check back. (Witness reviewed
water higher for a solubility of 5 micrograms per |22 document.)
liter or 1.5 micrograms per liter? 23 The compounds that I used are listed on
A, Ii's -~ it's higher for the 5. 24 page 2 and 3 of my report, and benzo(a)pyrene was
Q. SoDr, Johnson's estimate is actually 25 one of the several compounds that T did list but not
Page 134 Page 136
more conservative than yours, 1 the only one.
A. Not with regard to the calculation that 2 Q. Okay. So on page 4, though -- there,
I'm performing because my calculation starts out 3 were you calculating the - were you estimating the
with a higher concentration. The ~- the fact of 4 concentration of B(a)P in equilibrinm contact with
being conservative means that I am starting with a 5 the raw bitumen?
higher concentration; therefore, forecasting -- the 6 A, lwasestimating the concentration of
basis of my calculation will be higher, and that 7 B(a)P in water that was in contact with the raw
higher calculation basis would, in theory, support a 8 bituinen,
higher dissolved basis, which is what we're g Q. Okay. And so does this estimate account
contending is the problem here. So I disagree 10 for all the 100 to 1,000 other compounds in the
with -- with that, I believe that the 5 micrograms 11 water?
per liter is more conservative, 12 A, Yes, il - it estimates the presence of
Q. Well, compared to your analysis, is, 13 those compounds because of the calculation of mole
then, Dr. Jolinson underestimating the solubility of |14 fraction that I performad.
his representative comypound? ' 15 Q. Areyousaying that no other compound
A. Ibelieve that Dr, Johnson starts with a 16 would go into the water?
handbook solubility, which should be accurate, 17 A. No.
Q. Oliay. I'm sorry. Compared to your 18 Q. Sohow docs this account for other
estimate of the solubility of the bitumen, isn't 19 compounds going into the water?
Dr, Johnson underestimating the solubility of the |20 A, It doesn't. I'm calculating it for that
bitamen by using a lower solubility? 21 specific compound. But in the calculation of that,
A. s a--it's a different approach. 22 lincorporated the presence of the other compounds.
His -- his - his figure is lower than mine, 23 That's the specificity of my approach.
granted; but he's picking a single proxy compound, 24 Q. Would other compounds dissolve in the
where I am trying to pick a figure that is 25  water?
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1 A, Certainly, 1 college thesis work, ves.
2 Q. How many? 2 Q. Does that tell you anything relevant to
3 A, Thave absolutely no idea, Hundreds to 3 whether d-limonene will evaporate from the processed
4 thousands, 4 fines?
5 Q. Sodoesn't your iestimony at page 1 5 A Yes
6 to2 - Dy that I mean this bulleted paragraph 6 Q. What does it tell you?
7 that's indented, that goes from page 1 to 2 -~ 7 A, It speaks to the volatility of the
8 doesn't that conflict with the notion that g8 d-limonene.
9 d-limonene will evaporaie quickly from the processed | » Q. So will it teil you how guickly that will

10 fines? 10 happen?

11 A, No, Idon't see that relationship. 11 A, No.

12 Q. Sodoes this paragraph assnme that half 12 Q. Does vapor pressure tell you how quickly

13 of what's in solution will be d-limonene? 13 d-limonene will evaporate from the proeessed fines?

14 A, For -~ for purposes of the demonstraiion 14 A, Ttisone of the parameters that will

15 that I'm ~ I'm making in that first bullet, I made 15 tell you that,

16 anassumption. I'm -- I'm not talking about a real 16 Q. So why does vapor pressure always include

17 world case. I'm only demonstrating the mathematics 17 a temperature?

18 of — of the -- how the mole fractions would - 18  A. Because they vary with each other.

19 would distribute. I'm not indicating that that is a 19 Q. Inwhat way?

20 real world example, Or real world in -- as related 20 A. Increased temperature increases tlie vapor

21 to the specific system with -- with regard to U.S. 21 pressure.

22 Qil Sands. 22 Q. Sois it fair to say that a decrease in

23 Q. Okay. Butis it correet to say that your 23 temperature will suppress evaporationi?

24 conclusion in that paragraph it that you have to 24 A, It has that tendency, but the evaporation

25 have a fair amount of d-limonene in order to 25 is dependent on other factors as well.

Page 138 Page 140

1 suppress the entry of B(a)P into the aqueous phase? | 1 Q. So would you expect d-limonene to
2 A, Whalt - what I'm saying is that the - 2 evaporate less readily from the processed fines if
3 the mole fraction of d-limonene - whatever it is - 3 the temperatures were cobd? ‘
4 will displace proportionate amounts of the compounds | 4 A, The -- yes, the rate of evaporation
5 present in bitumen in that solution. 5 should decrease with colder temperatures if the -
6 Q. Soyou have to have half the d-liinonene ¢ il the temperature of the -- the fine - or the --
7 presentto suppress the entry of B(a)P into the 7 the spent material is decreased as well.
a aqueous phase by a factor of two? 8 Q. Okay. Do you know the relationship
9 A, It would - it would decrease - it would 9 Dbetween temperature and the evaporatlon for

10 decrease it by a factor of .5, 10  d-limonene?

11 Q. Okay. So you said that you agree -- are 11 A, No. That's dependent on a lot of other

12 you-- am I correct in saying that you agree that 12 parameters.

13 d-limonene will evaporate quickly from the processed (13 Q. So, then, you don't know the effect that

14 fines? 14 temperatare will have on the evaporation of

15 A, I--Tagree that d-limonene will tend to 15 d-limonene other than to say it will decrease,

16 evaporate from the processed fines. The -- the 16 pencrally, with temperature?

17 quickness of that evaporation is dependent on a lot 17 A, AsI've stated, temperature - either an

18 of other parameters. 18 increase or a decrease - will have an effect on the

19 Q. Sowhen you were doing your steam test - 19 evaporation rate, but it is not the only parameter

20 steam-stripping test, what did you conclude from |20 in the evaporation,

21 that? 21 Q. Sois it important to know temperatures

22 A, Idid no such test for this work, 22 when you're trying to determine whether d-limonene

23 Q. Didn't you testify about a stream test - 23 will evaporate from the processed fines?

24 I'm sorry — a stenm-stripping test? 24 A, Oh, absolutely,

25 A, I--Isaid that [ had used that in my 25 Q. Okay. Do you know the temperatures at
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1 the mine? 1 d-limonene?
2 A, No. Iimagine foday it's a little cool, 2 A, Notright off the head ~ no, I don't.
3 though, 3 Q. So generally, the higher -- what does a
4 Q. Doyou know any -- of any data in the 4 higher vapor density mean?
5 record that relates the iemperature of « the 5 A, Higher vapor density is ~ vapor
6 temperature at the mine with the ~ with the 6 densities are usvally reported in terms of their -
7 cvaporation of the d-limonene? 7 their bulk density with air as a basis, So if - if
g8 A, Ifit's there, I have not read it. g ahigher gas density is reported, it is usually -
9 Q. Do youlknow the vapor pressure of ‘9 it - it is always a - heavier than air and tends
10 d-limonene? 10 to --tends to seitle if there are no mechanical ~-
11 A, The d-limonene vapor pressure is 11 additional mechanical movements of the ait in a
12 purported to be 2 millimeters at atmospheric 12 completely still environment.
13 pressure and at 25 degrees ~- 13 Q. So what does that mean - if it tends to
14 Q. Do you know -- 14 setile -- in terms of evaporation?
15  A. ~ centigrade. 15 A, Itdoesn't really mean anything in terms
16 Q. - do you know that compares to water? 16 of evaporation because if'it's in the gas phase, it
17 A, Tt igroughly ten times lower than water, 17 has already evaporated. _
18 Ibelieve. 18 Q. But how about evaporation from the pile?
19 Q. So what does that menn in comparison to 19 A, You're going to have fo ask a better
20 the vapor pressure of water -- in terms of 20 question so I can answer it.
21 evaporation? 21 Q, Okay. Se let's assume some of it has
22 A, It — it will fend to evaporate 22 already evaporated bul there's still some d-limonene
23 relatively slower than water given all other 23 that haso't evaporated. So how would the vapor
24 conditions being equal. 24 density of the d-limonene that has evaporated affect
25 Q. And docs the handling of materials affect 25 1he evaporation of the d-limonene that hasn't
Page 142 Page 144
1 the degree of evaporation from the processed fines? | 1 evaporated?
2 A. Absolutely. 2 A, Hvaporation is a concentration-driven
3 Q. 8o does it matter if the fines are 3 process. In the absence of mechanical transport of
4 stacked in a pile or spread out? 4 the air - L.e,, wind or a fan or any kind of air
5 A, Does it matter with regard to what? 5 movement ~- the evaporation will be driven by the
6 Q. The rate of evaporation of d-limouenc. 6 vapor pressute and concentration gradients.
7 A, Yes, Ibelieve it would have an effect, 7 If the concentration gradients are not
g Q. You're not sure? g8 enhanced by mechanical means, like wind or other
9 A, Ifyou give me the parameters of the two 9 movement, the evaporation will be slower,
10 piles you're speaking of, I could probably tell you; 10 Temperature will increase evaporation.
11 but generally, it should have an effect. 11 Surface area will increase evaporation,
12 Q. And so would d-limonene evaporate more 12 Q. Okay. Does the fact that d-limonenc is
13 slowly from a pile? 13 mixed with tar affect the rate of evaporation into
14 A, Ascompared to what? 14 mir?
15 Q. Sand spread out flat, 15 A, Yes.
16 A, The --the spreading should enhance the 16 Q. Inwhatway?
17 evaporation, : 17 A, The — the mixture -~ the mixture wiil
18 Q. Docs vapor density affect the evaporation 18 exhibit a - a lower vapor pressure than the pure
13 of d-limoneue from the processed fincs? 19 cofaponent.
20 A, ltmay or may not, depending on the 20 Q. So are you saying the mixture will
21 velocity of air above it. 21 evaporate more quickly?
22 Q. Does that mean wind? 22 A. No.
23 A. Ttcould be wind or other movement of 23 Q. Seoitwill evaporate less quickly?
air. 24 A, Yes.
o Q. Do you know the vapor density of 25 Q. Does the salinity in water influence the
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1 effect of d-limonene on dissolving of tar in water? 1 A. The basis of my calculation lays the
2 A, Did you say "salinity"? 2 foundation for the final calculations that I malke,
3 Q, Idid, 3 The basis of the foundation is the
4 A, Yes, 4 ternary diagram and tho rolationships in it. Then I
5 Q. Inwhatway? 5 further that to the equilibrium relationship. Then
6  A. Typically, ionic materials or saline 6 Ifurther that to specific caleulation of compounds
7 materials will tend to decrease the solubility. I 7 in water from the bitumen,
| 8 has a salting-out effect. 8 Q. Aren'tyou trying to prove that the
5 Q. Soyousaid it would decrease the 9 internetions between the d-limonene and the bitumen
10 solubility? 10 are not very great?
11 A, Yes. 11 A. No, I - that's not the intent of what |
12 Q. Soyoun'resaying that the presence of 12  was doing. '
13 salinity in water would decrease the solubility of 13 Q. What was the intent of what you were
14 d-limonene in water? 14 trying fo do?
15 A, Yes. 15 A, The intent was to project a comparison of
16 Q. And it would also decrease the solubility 16 aspecific compound -- B(a)P -- that may be washed,
17  of bitumen in water? 17 in - by water contact with the virgin oil sands and
18 A. Yes. 18 compare that to the same mechanism of washing in the
19 Q. Okay. Sowhen Mr. Hogle asked you why 19 processed oil sands.
20 you assume that we had ideal solutions, is it 20 Q. Well, didn't you assume that the
21 accurate {0 say -~ can you hear me? 21 conditions were ideal becanse the interactions
22 A, Yes,Ican-- 22 between d-limonene and tar were not great?
23 Q. I'msorry. There's a lot of noise. 23 A, No.
24 A, --hearyou. 24 Q. Okay. Iwill just review my notes for a
25 Q. Okay. So when Mr, Hogle asked you why 25 second here, and I think I'm done, but I just want
Pags 148 Page 148
1 you assume that we had ideal conditions, s it 1 to check, so give me a minute, please.
2 accurate fo say that you said it was becanse we have | 2 VIDEOGRAPHER: We're going off the record at
3 dilute solutions? 3 317
4 A, Yes. Extremely dilute solutions, 4 (Off the record)
5 Q. Okay. And then are you also saying that, 5 VIDEOGRATHER: We're back on the recotd at
6 as a result, the interactions are not great? 6 3:23,
7 A, (No audible response.) 7 BY MS. WALKER;
g Q. Letme ask that better. g8 Q. Okay. Soin the very beginning of your
o A, Yes 9 testimony, you ialked aboat your actual field worl
10 Q. Areyou saying that the inter -- the 10 is that correct?
11 interactions between d-limonene and the bitwmen are |11 A, Yes,
12 not great? 12 Q. Do you place a high value on data that's
13 A. Atthese very low concentrations, yes. 13 taken from the field?
14 Q. And is that the basis for assmning that 14 A, O, yes,
15 the -~ the line on your -~ whai's it called? 15 Q. And do you wait until projects are
16 Ternary - is it "ternary diagram”? I'm not saying |16 underway to do ~ to test yonr design theory?
17 thatright, am I? OL, yeah, Ternary phase 17  A. Insome cases.
18 diagram -- why the line is straight? 18 Q. Do you consider that a better approach?
19 A. Itis one of the bases, yes. 19 A. Betfer than what?
20 Q. Soisn't the basis for your conelnsion 20 Q. Do you - do you think the best approach
21 what you are trying to prove? 21  is to wait until projects are underway to test your
22 A, "Basis for my conclusion." No, the 22 design theory?
23 bagis is what I'm founding the starting point of my 23 A, Itdepends on the project, In some
24 conclusion on, 24 cases, it can't be tested until the project
25 Q. Can you explain that, please? 25 commences or is constructed or moved along, In
MineTT-Seript® Charles Iisher Court Reportin (37) Pages 145 - 148
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other cases, things can be well designed ahead of 1 Q. Well, let me just-- let - let me just
time. 2  move om
Q. Soin our situation here with the PR 3 You know, we -- we spent a lot of time
Spring mine, were there tests that eonld have been | 4 today talking about the chemieal characteristics
done to determine the ~- the effect of d-limonene on | 5 of -~ of processed tar sands, the residual
the dissolving of bitumen? ¢ compounds, things like that, What if there were no
A, Yes, 7 groundwater to be impacted? How might that affect
Q. And were there tests that could have been 8 the - the relevancy or the importance of what we've
done to determine the compounds that make up the | 9 been talking about today?
bitumen? 10 A, Ibelieve it would have great -- great
A, Yes. 11 bearing on that because with - with no groundwater,
MS. WALKER: Okay. Thank you, 12  there would be no off-site transport in the
13 subsurface to be carried to what T would call
LEXAMINATION 14 recepiors,
BY MR, MeCONKIE: 15 MR. MeCONKIE: QOkay. That's ail I have. Thank
Q. Mr. Haudl, thank you for hanging in there 16 you.
with us today. 17 MR. HOGLE: I just have a few follow-ups,
A. Certainly, 18
Q. I know it's been a long day, but I 19 EXAMINATION
just -1 just have a few gquestions, 20 BY MR. HOGLE:
For purposes of evaluating a potential 21 Q. Mr, Handl, could you distinguish
threat to groundwater gquality, what would be the |22 miscibility from solubility?
purpose of evaluating chemical characteristics of {23 A. Yes. Solubility isa - a fixed
the proeessed fines? 24 parameter that -- for a particular solute that
A. The - the value of that would speak 25 depends on the characteristics of the - of the
Page 150 Page 152
to - or -- or allow you to project with greater 1 solvent and the solute and is also a function of
precision and detail estimates of what may oceur 2 temperatyre, but it is a - & fixed parameter that
. when those materials became contacted with -~ with 3 can be well defined.
water or may -- may actuglly lead additional 4 Miscibility is the tendency of two fluids
information toward the evaporation. 5 to become dissolved within each other, and -~ as
Q. Olkay. In evaluating a potential threat 6 opposed to immiscibility, which is a tendency to
to groundwater, what would be considered the 7 form two layers. And in between miscibility and
recepior? 8 imimiscibility is a continuum of different states
A. Well, a receptor is -- in our terminology 9 or -1 guess states would be the way to put it -
that -- that we vse -~ is usually a -- a - some -- 10 that - or different degrees of miscibility and
some sort of a downstream water - down-gradient 11 immiseibility so that it is not a -- one specific
water user that utilizes that aquifer, 12 parameter like ~ like solubility is.
Q. Would - would groundwater itself be 13 Q. Okay. When you developed yonr ternary
considered a reeeptor? 14 diagram, what did you use as your basis?
A. Nottypically in the context that ~- 15 A. The basis of my ternary diagram was
that -- that L use in my work, 16 actual data that is reported in the literature for
Q. What would be the pnrpose of determining (17 the various materials that I found, And where 1
solubility of the ¢componnd residual - of the 18 could not find specific parameters, such as for
residnal compound? 19 Dbitumen, I made estimates based on a range of values
A, T'm having trouble understanding your 20 that are representative of the compounds within that
question, The solubility of residual compounds 21 mixture.
would be a laboratory -~ a theoretical laboratory 22 Q, Okay. Iwant fo direct your attention to
number, so the purpose of that would be whateverthe |23 the Permit-By-Rule Demonstration - what's been
person had in mind that ordered that test. Maybe 24 referred to as the Permit-By-Rule — on page 10,
you could rephrase the question. 25 part of Table 3.
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1 And my question is: Is it significant to 1 Q. Soareyou saying that for oil and grease
2 you -~ s it ~ is it significant to you that the 2 in the processed fines, 30,000 milligrams per
3 other hydrocarbons -- oil and grease, TRPH -~ that | 3 kilogram are available for transport?
4 the concentration of those are substantially lessin | 4 A. That's what the table indicates, yes.
5 the processcd materials? 5 Q. Andszo for TRPH, there's 9,500 milligrams
6 A, Yes, think that is a very significant ¢ per kilogram available for transport?
7 factor. The availability of those materials is -~ 7 A. That looks cotrect,
8 is lessened by the amount that has been removed 8 MS. WALKER: Okay, Thank you. I'm done, And
9 for - during processing; and therefore, the 9 I--1should have said before that I really
10 available material for transport by 11yd1o]og10 10 appreciate how much work you've put into today. I'm
i1 mechanisms or by precipitation is lessened because 11 sorry I didn't say that before --
t2  of that lesser availability. 12 MR, HOGLE: We'll -
i3 Q. And one final question: When presented 13 MS. WALKER: -- because I really do approciate
14 with the — the operations -~ the ~- the planned 14 it
15 operations of the PR Spring mine, would one in your |15 MR. HOGLE: We'll read and sign,
16 field expect that d-limonene would increase water |16 VIDEOGRAPHER: We're going to go off the record
17 solubility or concentration of PAH compounds in the ;17 now. The time is 3:36.
18 spent materials? 18 -
19 A, Well, the — if - if the -~ if there 19 {Thereupon, the deposition was concluded at
20 were no d-limonene in the spent materials, [ would 20 3:36 p.m., on Friday, April 27, 2012.)
21 say — as -- ag compared to the presence of 21 ---
22 d-limonene in the spent materials -- T would say the 22 SIGNATURE REQUIRED
23 presence of d-limonene would tend to decrease the 23
24 release of -- of any materials from the - from 24
25 those spent sands. 25
Page 1564 Page 156
1 Q. Okay. Would you -~ would one in your L PEFONENT!S GERTIFICATE
2 position think that that should be something that 2
3 needs to be further tested? 3 I, EDWARD L. HANDL, P.E,, the deponent in the
4 A. For pULPOSGS of this — of obtaining this 4 foregoing deposition, PO HEREBY CERTIFY, that I have read
5 permit, 1 do not think so. B  tha formgoing - 155 - pagaos of typewritten materipl and
6 MR. HOGIL.E: Okay No further questions. 6 that the same is, with any changes theraon made in ink on
7 MR. DUBUC: Just one second. 7 tha correction shest and signed by ma, a full, true and
g MS, WALKER: We're _jUSt moving the microphona. 8 oorrect transcript of my oral deposition given at the time
o Sorry, O!cay, jlle a few. 9 &and place hereinbefora mentioned.
10 10
11 EXAMINATION 11
12 BY MS. WALKER: 12 EDWARD L. HENDL, P.E.
13 Q. Sc backte Table -- on page 11 of the 13
14 PR -- PBR, of the Per mit-By-Rule, It's not page -~ |14 SUBSCRIBED AND SWORN PO before ma this __ day of
15 I'm sorry. If's on pagoe 10, the one I want youn to 15 , 2012,
16 lookat. 16
17 THE WITNESS: I'm going to have to leave 17
18 shortly here. 18
15 BY MS, WALKER; 19 '
20 Q. Okay. So are you saying that this table 20 ?35;?»;5:2“" Fiate off Montans
21 is instructive in determining whether petroleum 21 My Conndseion expirent
22 eompounds are a potential source of contamination? |22
23 A, It-it's instructive in determining 23
4 the -- the amount available that could be 24
25 tl‘B.llSpOl‘ted. 25 ‘JBv-I?R gpring Tar S8ands Projeoct

Min-U-Seript®

.

Charles Fisher Court Reportin
503 East Mendenhall, Bozeman M'T

(39) Pages 153 - 156

715, (406) 587-9016




Edward L. Handl, P.E.
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1 CERTIFICATE
5 STATE OF MONTANA ] . os
4 COUNTY OF GRLLATIN )
5 I, fan M, Baldensparger, RFR, fteelanca court
6 reporter and notary publioc flor the State of Montana, do
7 hereby oertify: ‘
8 That tha witness in the foregoing deposition was by
9 me first duly sworn to testify to the truth, the whole .
10 tzuth, and nothing but the truth in the foregoing causaj
11 that the deposition was then taken before me mit the time,
12 and place herein named; that the deposition was reported
13 by me in shorthand and later transoribed into typewrziting
14 under my direcitdon, and the foregoing pages dontain a true
15 =record of tha teetimony of tha witness, all dona to the
16 best of my skill and ability.
17 IN WITHESE WHEREOF, I have horeunte set my hand and
19 affixed my notarial seal on this the _ day of
19 , 2012,
20
21
22
23 Jan M. Baldensparger
24 Robiding i Bosemen, Wr . oo
DE Wy Commlsslion explres: 1/8/2013
Page 157 (40) Charles Fisher Court Reportin Min-U-Sepipt®

503 Kast Mendenhball, Bozeman M'T

715,

(406) 587-9016




N

Correctlon Sheet

Please make aII changes or correctlons on this sheet showing page, Iine and correctlon for Court Reporter's

insertion into the Origlnal Deposltlon. Sign this sheet and sign the Deponent's Certificate Page before a Notary,

| then return to the Court Reporter for filing. If there are no correctlons, please write "No Corrections” across this

sheet and sign at the bottom of the page,

;
Page  Line Now Reads Should Read Reason }

_ /] HANDLE HRNDL, Gontgey Sheecmnlg
5 2 Fapse 2 T YPE 2 Copeear My sl
V45 13 ﬁ%’?— TYpe 2 escy Mownanryes
&7 19 FRINED Jars b (CoRRECT JpSLémE
Tl 22 _Apcoyrel' Srlshzry CoRRIEST Sriteshey T

25 729 T—2] CoRpicr RAFERENCE

I State of Montana

County of Sl'lqu Boy_l[

This I?nt was signed and sworrn.tc before me on 5 ,fﬂ Z [e]}¢]
.Ju %eéé

if not part of stamp.]
1
' .

i
. Printed Name

‘ Pn‘nt name of s ner(s)
ED L. HAMDL. A Jw(’f/uf !
Notary ngnature it
Affix sealistamp as closa to :
v . signature as posslble. [Montana notfarles must complete the following, 1
1

Notary Publlc for the state of Mmﬂ'anﬂ.
Residing at RU\J&-IQ

My Commission expires: H)I 9 .20l9

g o T T e e e e

Charles Fisher Court Reporting, Inc.
503 East Mendenhall, Bozeman, MT 59715 (406)587-9016



WORD INDEX



Edward L. Hanpdl, P.E,

%

Whkh W (1)

8:3

Hi (1)
122:25

1(16)
20:7,21;25:20;26:2;
33:23;34:2,13,14;52:3 4;
59:16;67:20;77:5,9;
137:5,7

1,000 (11)
31:14,16;41:25;42:1;
73:13,14;130:4,4,8;
131:17;136:10

1,500 (2)
48:19;78:2

1.5 (6)
47.2,53:17;133:3,5,
12,23

1.8 (2)
46:14;75:22

1:34 (13
110;13

1:46 (1)

110:15

10 (14)
26:13,16,21;31:13,21;
32:19;42:22:62:20;
70:21;86:14:88:14;
116;25;152:24;154:15

10:49 (1)

42:11

100 (8)
42:4;43:10,52:25;
130:4,8;131:17,17;
136:10

11 (%)
31:24;32:3;44:13,22;
54:5,86:14;93:13;94:1;
154:13

11:06 (1)

42:14

66:13

12 (5)
34:19,24:35:5;52:17,;
o04:11

12:15(1)
76:9

1222 (1)
76:12

12:30 (1)
81:9

12:42 (1)
8112
124 (1)
67:3
13 (3)
35:22;36:1,16
13.8 (0)
29:8:33:3;118:25;
119:5;123:6;124:9
1311 (1)
85:23
1326 (3)
127:18,19:128:16
14 (3)
36:17,21;37:15
15(3)
37:16,21;38:6
150 (1)
45:12
15<2b (1)
111:3
15-3 (3)
102:12;110:24;112:3
15-4 (2)
110:25;111;1
15-5 (1)
39:7
16 (15)
40:16,20:41:8;49:21;
53:24;57:2;59:14,17;
61:6;66:16;68:9,11,19;
70:21;73:20
16,7 (1)
67:25
160 (1)
3.7
17 (6)
44:18:45:3;53:24,
64:11,68:3;73:16
177 (1)
67:15
18 (4)
63:3;74,7,11,19
19 ()
53:14:65:19,23;71:186,
17;78:8,12,18;98:3
192 (2)
44:16;45:9
1970 (1)
9:20
1972 (1)
2R
1973 (1)
19:1
1977 (1)
[1:13
1986 (1)
13;15
1988 (6)
10;21,22;11:23;12:3;
13:13,14
1991 (1)
o971

1993 (3) 152:25 6.51(1)
54:13;72:21;73:5 3.5() 7125
133:14 6.8(2)
2 3:117 (1) 65:25;66:22
""" 148:3 67 (1)

2(17) 3:23 (1) 73:10
15:2,13;18:20;30:17; 148:6 69 (1)
35:19;39:1,4;59:5,15; [3:36(2) 46:18
66:17;73:12,13;107:24; | 155:17,20
135:24:137:6,7;141:12 | 30,000 (1) 7

2.3 (2) 155:2
47:10;48:9 300 (1) 7 (15)

2:06 (1) 37 15:17,21;17:25;19:6;
120:15 31 (2) 2(:7;35:20;38:24,53:14;

2:08 (1) 46:21,23 61:5;62:4;84,17.21,
120:18 34 () -99:25,25;100:1

2:24 (1) 33:25 71 (1)

128:22 3IM (D) 73:16

2:41 (1) 9:24 72 (1)
128,25 73:17

20 (8) 4 721 (1) -
33:22;52:11,59:16; 76:25
65:19;70:12;73:20;  : 4 (10) 78 (1)
75:10;120:8 31:13,18:60;20;86:15; 67:21

200 (2) 91:14,17;127:14,22;
67:24;68:4° 135:5;136:2 8

2008 (3) 4.5 (1)
£0:16;30:20;83:4 67:2 8 (24)

201 (3) 40 (1) 18:15,19,24:19:4;
76:5,21:77:12 72:22 25:15:33:2,6,7,7,11,12,

2011 (2) 42 (2) 17;34:1,7,12;39:2,8;
82:1;83:19 8:14;71:16 54:3,22;85:21,86:13;

2012 (4) 45(2) 102:9,11,15
7:16;33:22;82:9;155:20 66:2,67:5 8015B/3545 (1)

21 (3) - 86:2
64:10;70:20:83:4 5 8260B (1)

22 (D | 8525
62:4 5(10) 8270C/3510C (1)

23D 35:20;36:2;95:23; 85:25
62:20 130:11;132:12;133:12, | 84 (2)

230 (1) 22,24;134:11;138:10 46:14;75:22
67:11 57 (2) 84114-4870 (1)

237 (1) 45:21;48:5 3:8
77:6 50 (1)

23rd (1) 126:18 9
121:13 500 (1)

24 (3) 3114 9 (16)
65:13;66:17;71;17 503 (1) 22:17,21;23:16;30:23;

25(4) 7.8 31:2;32:22:33:2,14,15;
59:7,67:23;71:17, 5-14 (5) 34,23,25;35:9;38:10;
141:13 109:11,14,14,16,19 42:20;73:10;86:13

27 (3) 52(1) 9,500 ¢1)
7:6;68:3;155:20 67:21 155:5

28 (1) 5th (1) 9,89 (1)

30:20 17:25 7715
9:54 (1)
3 6 707
97 (3) .

3(15) 6(8) 54:14;73;1;116:7
30:18,19;31:6;44: 16, 8:20;9:3,7,8;35:20;
45:9:46:8,16;52:17; 36:23,73:10,17 A
59:20;84:19;116:3; 6,000 (2)
117:1;126:18;135:24; 28:1;30:8 able (7)

WineU-Seript®

Charles Ilisher Court Reporting
503 East Mendenhall, Bozeman MT 59715, (406) 587-9016

(158) Wekdrde ek wk | able




Edward L, Handl, P.E,

17:18;21:10;24:10;
29:15;36:9;58:21;61:13
sove (3)
33:21;109:24;142:21
absence (2}
96:12;144:3
absolutely (5}
71:22;135:4;,137:3;
140:24;142:2
accepted (2)
27:3,3
access (1)
35:8
accordance (1)
98:23
according (1)
104:4
account (3}
135:16;136:9,18
accounted (2)
64:4;135:15
accounting (2)
63:6;109:1
accumilative (1)
78:4
Accurate (5)
103:5;,107:4,134:17;
145:21;146:2
acid (2)
128:2,5
“idifieation (1)
27:15
ucids (1)
127:13
across (2)
39:20;46:25
aetivity (7)
62:21,23;77:3,4,10;
117:4,22
actual (33)
12:7,11,24;17:16;
20:123:22:12,23,27:18;
47:201,23;48:2,25:50:6,9,
13,13;55:2,62:6;63:19;
67:12;69:19;70:5,96:19,
19,19;97:3;98:10,13;
125:1;129:18;132:4;
148:9;152:16 ‘
actuality (1)
20011
nctually (25)
12:10;13:14;20: 14,
23:10;25:20;27:5;32:14;
48:14,53:12;54:12;
57:10;58:8;64:13,21;
70:5;79:16;80:9,13;
94:21;96:22;115:18;
123:15:124:11;133:25;
150:4
add (1)
1.5

ltional (8)
21:6;22:6;23:21;

24:16;54:9;73:21;
143:11;150:4

Additionally (6)
20;18;39:25;54.3;
62:4;63:14;119:15

adds (2)
55:8;56:13

adjustments (1)
64:6

admission (13)
0:8,19:3;23:15;26:21;
32:18;35:4;36:15,37:14;
38:5:41:7:45:2:74:18;
78:17

admit (1)
9:8

admitted (1)
120:20

affect (8)
114:25;115:5,8;
141:25;142:18;143:24;
144:13;151:7

affects (3)
83:23;84:2,0

again (37)
26:17,28:24,;29:9;
30:6;35:13;36:4,5;
37:10;40:9:41:15;45:20;
47:6:48:24,49:5:51:12;
52:24;53:13;55:8;59:21;
61:13;68:15;70:1,21;
75:12,14,23,777,17,
91:8,14;92:23,99:5;
103:21;112:5;114:13;
124:3;135:9

agency (3)
81:23,24;83:18

ago (2)
34:23;91:11

agree (8)
85:4,15;86:4;105:4;
123:24;138:11,12,15

agreed (1)
33:2

ahead (8)
15:16;44:21:45:3;
90:9,14,16;127:1;14%:1

air (10)
80:9,14,142:21,24;
143:7.9,11:144:4 4,14

aldn (1)
11:24

aleohol (2)
55:3;62:12

Alflison (1)
122:18

allow (1)
150:1

allowing (1)
109:7

almost (4)
28:16;103:14;104:6;
113:9

along (3)
46:14;53:13;148:25

always (4)
99:6:106:9;139:106;
143,9

ambient (1)
59:6

amount (9)
24:4;57:16;58:23;
69:23:112:13;115;19;
137:25;153:8;154:24

amounts (4)
24:6,43,7,63:16;138:4

analyses (1)
85:22

analysis (42) -
21:21;29:14;30:10;
47:23,50:11,18,19,23;
55:9,12;59:24,60:14,16,
19;61:9;62:1,2,24:63:8;
64:9,10;65:7,13;68:3;
77:21,78:5;82:10,15;
83:15,17:86:12;92:17;
94:15;97:11,15,18;
08:18;112:8;123:10,14;
126:21;134:13

analyzed (1)
93:6

analyzing (1)
48:24

answered (1)
113:1
apex (15) :
16:13,14,16,17,27:22;
28:2;30:6,8,23;31:2;
32:22,25:35:8,9:111:16
apexes (3)
16:12,19;29:25
apices (1)
16:22
apologize (1)
110:20
apparently (1)
6913

appear (10)
34:8,54:17;65:20;
71:23;73:3;82:10,15;
118:19;122:23;123.3

Appearances (1)

3l

APPEARING (1)
3:3

appears (4)
34:15;54:5,86:13;
87:14

appendages (1)
56:1

apples (2)
47:18,19
application (5)
29:23138:13;42:17;
51:9,13
applications (2)

58:10,11

applied (3)
27:15;38:16;92:20

applies (1)
108:19

apply (6)
68:25;85:7,17:108:11;
117:16,19

apprecinte (2)
155:10,13

approach (47)
13:23;14:3,8,9,10;
21:2,4;27:2,3,3,5,8,10,
15,16,17;29:23;38:13,
16,19,42:17,19;49:24,;
50:5;51:4,6,14;52:8.,9;
53:8;56:15,16;58:17;
59:22362:3;,74: 1417515,
77:16,16:98:15:113:8;
132:6,10;134:22;
136:23;148:18,20

approaches (5)
24:24;25:11;26:23;
27:1;13:9

appropriate (14)
14:4;25:1,5;31:17;
32:13;51:14,18;52:6;
60:7:62:2:72:10,86:8;
108:15;131:15

approximate (1)
47:1

approximated (1)
775

approximately (5)
10:19,20;11:23;13:13;
65:25

April (4)
7:6;70:12;73:20;
155:20

aqueous (6)
15:6;52:20;117:3,21;
138:1,8

aquifer (1)
150:12

arbitrarily (3)
69:12,13;70:2

area (3)
10:21;78.6;144:11

argument (3)
61:12;69:25;112:19

argumentative (1}
91:1

aroma (1)
58:13

aromatie (1)
126:15

aronnd (5)
10:21;67:11;,71:16;
72:1:115:19

arrow (1)
160:10

article (1)
121:17

aside (1)
36:16
aspects (1)
55:21
asserts (1)
62:20
assessment (2)
26:4;86:11
assessments (1)
11:2
assist (1)
79:23
Assistant (1)
3:6
associated (6)
57:18;85:11;86:6,
87:11;88:6,20
association (1)
127:12
assume (9)
98:7,25;101;24;
114:17;137:12;143:21;
145:20;146:1;147:20
asswmed (2)
99:20:;127:23
assuinos (1)
59:24
assaming (9)
47:14;75:18,25:76:16;
097:10;101:4;114:20;
119:20;146:14
assumption (3)
101:3;119:14;137:16
assumptions (2)
51:18;52:1
Atlatl (2)
10:14,15
atmospheric (1)
141:12
atoms (1)
56:2
attached (2)
40:15;86:22
attachument (1)
83:4
attempt (2)
54:11;83:21
attempted (1)
73:253
attempting (8)
14:16;21:20;54:2,8,
19;56:12,12;72:6
attempts (1)
63:12
attending (1)
7:14
attention (3)
102:12;104:25;152:22
ATTORNEY (6)
3:3,6;7:16,17,19,21
attorneys (1}
712
attributed (1)

above - attributed (159)

Charles Fisher Court Reporting
503 Iast Mcendenhall, Bozeman MT 59715, (406) 587-9016

Blin-Ll-Seripl®




Edward L. Hand), P.E.

78:1

audible (1)

C 14617

authoritative (1)
18:3

authors (1)
122:17

availability (2)
153:7,12

available (4)
153:10;154:24;155:3,
6

aware (5)
79:9:83:17;84:16;
99:11,14

away (1)
16:18

axes (3)
69:8,8,20

axis (13)
20:17;28:3,4,8,8,16,
18,23:29:4,5;32:24;
3920:111:18

B

back (27)
19:6;23:8,18;38:22;
42:13;43:11;:46;22;
52:24;55:14;66:12;
69:15;72:20476:11;78:3;
81:11;85:1;89:8;92:4;
102:21:;110:15,17;
120:17;124:3;128:24;
135:21;148:5;154:13

background {4)
9:1,12,22;101:11

backing (1)

69:22

backs (1)

25;13

Baldensperger (1)

7.9

Ballard (1)
8:14

BaP (32)
44:14,17:45:10,17;
47:7,11,12:48:4;53:1,2,
7,16;59:25;61:22;67:13,
75:18,23;76:1,16,97:24;
132:20:;133:5:135:2,6,
10,12,19:136:4,7:138:1,
14716

BaPs (1)
18:2

Barclay (2)
3:11:31:19

base (2)
50:25,52:22

based (18)
8:18;21:11;24:23;
30:9:34:8:4917,51:7;
57:22:62:9,97:15,19;

101:10,13,16;118:9;
119:2;133:16;152:19
bases (1)
146:19
basic (1)
47:5
Bagically (3)
12:8:43:10:45:25
basing (1)
119:8
basis (20)
20:5;21:20:44:2;53:2;
97:11;100:23;101:2;
121:2;134:7,8,9;143:7:
146:14,20,22,23;147:1,
3;152:14,15
Bayer (1)
82:20
Bayer's (1)
83:4
Bear (1)
30:13
bearing (2)
68:2;151:11-
became (1)
150:3
become (4)
40:1,3;79:5;152:5
becontes (3}
43:21;65:6;77:25
becoming (1)
58:9
began (1)
11:13
beginning (1}
148:8

begins (2)
12:17,60:20
BEHALF (1}
3:3
behave (1)
103:15
behaved (1}
104:7
bell (1)
8311
below (2)
81:3;80:18
belt (2)
79:19;80:16
benefit (1}
27114
benzoapyrene (7)
44:7:53:16,23,24;
59:25,75:13;135:24
best (3)
114:4;127:1;148:20
beta-phellandrene (1)
579
better (7}
49:3:52:10;79:3;
143:19;146:8:148:18,19
beyond (1)

117:13

bible (6)
18:5;102:7,8;104:4;
109:11,18

big (2)
48:11;55:14

hillion (1)
062:22

bit (5)
9:1,11;23:9;39:9;54:1

bitumen (132)
14:13,15:15:6,8;16:8,
17,21;17:8;19:15;20:1;
21:9,22:1,25;23:24;
24:4,6,9;27:25;28:15,24;
35:12,18;37:11,38:2;
40:6,24:41:1;42:4;43.7,
10,13,15,24,25,46:6,15,
19,20,23;47:1,648:8,12;
49:8,52:25,53:7,55:19,
23;56:4;60:1,2,6;61:8,
10,62:6;63:6,15,64:8;
65:17,25;66:23:70:24;
75:14,19,23,24:76:1,1,6,
7,2123:85:11;86:6;
87:11;88:7,20;80:10,13,
20,90:5,17,91:25:92:12;
94:19;97:25;100:10;
103:25,104:19:105:23;
107:1;111:12;112:14,
14;115:4,5,9,16;117:17,
25;118:4,10,13;119:4,
13;123:16;124:13;
129:7,18,25,130:9,23;
131:7,9,11,13;132:2,7,
19;134:19,21,135:14;
136:5,8;138:5;145:17;
146:11;147:7,9;149:6,
10:152:19

blow (1)}
39:9

Board (1)
7:3

Bob (2)
82:20,83:4

boots (2)
12:9;63:19

both (11}
33:2,55:19;80:15;
104:17;107:7,108:9,23;
111:4;113:21;125:8;
135:2

bottom (14)
28:8;62:20:66:18;
68:18;71:2,14,73:16;
76:18;102:17,20;
104:104105:1;110:1,1

Bozeman (1)

breal (12)
42:8,9,24,66.7,76:8;
81:6;110:4,9,10,20;
123:5;128:20

brief (1)
128:20

bring (4)

55:11;63:15;99:21,
10123

BS(2) .
9:13,19

bulk (%)
15:5;49:15;50:20;
60:8:61:10,11;63:9;
132:2;143:7

bullet (4)
30:17;35:19,75:18;
137:15

bulleted (1)
137:6

business (1)
11:5

Butte (1)
B:19

byproduct (1)
19:20

C

cake (6}
80:6,9,14,18,22 .25

calculate (1)
76:23

calculated (5)
46:17:48:5,64:7;
77:14;133:21

calculating (4)
65:14;76:2;136:3,20

calculation (29)
36:24,45:23:47:9;
61:17:63:12;66:4,67:3,
10,25;68:7,69:10,14;
74:2,6,12,13;75:5,15;
76:19,23;134:2,3,7,8;
135:13;136:13,21;147:1,
)

caleulations (21)
12:20,23;13:20;21:6,
11;22:6,9;23:22;24.:16,
21,22:26:4;48:13:50:22;
64:6;65:18;73:22;97:17,
24,98:1;147:2

California (2)
11:12,16

call (7)
55:16;83:9:84:19;
97:12;106:22:107:4;
151:13

called (9)
8:6;10:8,14;15:2:43:2;
57:9;82:25:120:5;
146:15

calling (3)
102:7;112:19,20

calls (1)
52:19

came {(6)

14:4:45:16;47:25;
54:4,67:3,132:12
camera (6)
16:2,23:1;68:21;
74:22;78:21;120:12
can (63)
13:3,9;16:4,17:13;
22:21;23:5,6,8,11:32:3;
36:1,16,21,39:4;46:24;
47:6;55:2;59:25;61:19,
20;64:24;66:4;74:11;
76:23;77:4,78:12:87:16,
16;90:8;92:18;97:19,23;
09:25;100:1,4;101:18;
102:14;104:23;106:3;
109:12,25;110:9;112:5;

114:4,15;116:14,17;

117:3;120:3;124:22;
125:5;126:5;127:1;
'128:10,10;129:1,2;
143:20;145:21,22;
146:25;149:1;152:3 -
carbon (3)
56:2;127:14,22
care (1)
739
careful (1}
124:4
carried (1)
151:13.

case (29) S
4 9:9:11:18;13:18,24; .

o15:1,10;18:21;19:9; -

20:12;21:3;25:2;26:24;
28:17,32:13;33:23:,40:7;
42:18;55:25;59:15;
62:10;79:5;80:15;95:19;
96:3;101:6,7;104:18;
119:22;137:17.

cases (6)
40:3;51:19;55:21;
148:17,24;149:1

Cause (3)
7:3;96:10,11

causes (1)
111:13

centigrade (4)
59:7,67:12,16:141:15

certain (4) :
20:13:63:25:103:14;
104:6

Certainly (3)
117:23;137:1;149:18

chance (3)
13:4;70:11;73:14

change (4)
47:22,22:67:22;
126:10

changes (1)
67:21

Characteristic (1)
£5:23

characteristics (6)

Rin-U-Script®

Charles Tisher Court Reporting

503 East Mendenhall, Bozeuan MT 59715, (406) 587-9016

(160} audible - characteristics



Edward L. Hand), P.E,

20:13;60:8:85:3;
149:23;151:4,25
aracterize (3)
80:19,24;92:12
charts (1)
88:17
check (6)
41:19,66:4.83:3;
133:2;135:21;148:1
chemical (28)
0:13,15;10:3;14;10,
15;18:4,5,8,9,11,12,13;
22:11,27:6,41:13;,52:2;
54:1;57:9,58:2,85:13;
R7:22:94:18,19;122:3 4,
- 4;149.23;151:4
chemicals (15)
14:25;17:21;21:12;
25:8;31;22;32:6;56:4;
57:8,16;58:20,22;60:11;
88:8,22:116:24
Chemistry (5)
37:24;57:6,21;122:21,
- 21 -
choice (5) ‘
51:7;53:9,55:7;58:7,
15
choose (1)
129:21
choasing (1)
75:12
se (2)
45:12:,61:25
chosen (1)
rn
Chris (1)
7:15
cirele (1)
110:8 -
citation (1)
54:4
cited (2)
37:3;,70:9
City (1)
3:8

clarity (2)
70:25;72:3
clean (1)
69:2
clear (5)
71:21,24;82:22:90:4;
95:22
elenrly (2)
54:15;:72:13
client (1)
12:11
close (9)
13:9;20:17;28:15,17;
49:15;55:1,77:9;104:20;
133:12
ed (1)
n1t
closer (3)

111:15,15,17
closure (1)
13:6
Coal (3)
120:7;,122:9;126:17
co-authoyr (1)
122:20
coefficient (6)
62:22,23,77:3,4,9,
117:4
coelficients (4)
54:25;55:1,62:5,9

eold (1)

140:3
colder (1)
140:5
eollecting (1)
58:25 ° .
college (1) -
139:1
colloid (3)
128:1,12,17
colloids (1)
127:24
column (6)
105:1;109:24,25,
110:1,23;128:16
columns (1)
125:9
combination (2)
17:20,56:7
combinations (1)
17:11
combined (1)
46:15
combining (2)
77:10,11
commences (1)
148:25
commeut (1)
68:9
comments (2)
13:21;73:18
commercial (2)
32:14,15
commonly (3)
105:3,7,9
communication (1)
31:18 -
Company (5)
9:24;10:6,8,13,17
comparable (1)
133:9
caompare (8)
21:16,22;44.6;45:24;
40:2:47:25,74:5,147:18
compared (7)
53:12;95:18:96:3;
134:13,18;142:14;
153:21
compares (1)
141:16
comparing (5)

47:18:48:8;52:18,21;
7121

comparison {7)
47:17,52:22;53:2,3;
74:6;141:19;147:15

comparisons (1)
49111

compilation (1)
37:22

complete (3)
13:10;21:2;47:17

completely (9)
14:5;53,25;105:11;
107:11,12,15,16,20;
143:12

compliance (2)
11:8,8

complied (2)
110;3;116:19

component (7)
16:14:26:6;52:22;
53:8,19;77:22,144:19

components '(8)
14:14,23;17:13;20:11;
61:10;89:17;103:15;
104:7

compound (25)
16:20;40:7:45:14;
49:17;50:23;51:6;52:19;
61:4;62:7,74:4;88:1;
90:8;92:8:124:14,
131:19;134:15,24;135:3,
11,20;136:15,21;147:16;
150;18,19

compounding (2)
55:9,6517

compounds (81)
17:16;24:4;25:25;
55:19,22;60:4,6;61:8,16,
17:65:17,25;66:2,23;
67:1,6:71:22;75:19;
76:4;83:24;84:3,7;
85:11;86:6;87:10;88:6,
19;89:4,7:90:23;92:17,
25,25,93:3,8,15,21;94:4,
23;95:18;96:3,19;
108:15;109:8;112:15;
114:25;124:16,17,20;
129:22,24:130:3,4,7,9,
17,22;131:6,8,10,13,18,
23;132:3,7:135:14,23,
25;136:10,13,19,22,24;
138:4;147:6;149:9;
150:21;151:6;152:20:
153:17;154:22

comprised. (5)
60:3;89:10,20:90:5;
01:25

concentrated (4)
17:10;28:14;40:2;
114:22

concentration (55)
16:19,21;17:15,21:17;

22:1;24:11;27:25;29:2;
41;1;43:6,15,17,23,24;
44:6,8,17;45:17;46:6,13;
47:1,5,7,12,12;48:4,14,
19;50:20,52:3,19,20;
53:1:61:7,11;76:24;
87:14;106:2;118:13;
123:9;127:22,24;128:5;
133:15,21;134:4,6;
135:6,10;136:4,6;144.:6,
7;153:4,17

concentration-driven (1)
144:2

concenirations (24)
15:7:17:8,10;21:12,
14:24:7:25:12:44:11,14;
47:21,23;48:2:49:1,4;
50:14;51:20;61;10;
63:10;115:20,120:6;
122:9;126:15,20;146:13

concerned (2)
19:9,18

conclude (1)
138:20

concluded (1)
15519

conclusion (5)
124:10;137:24;
146:20,22,24

condensed (1)
59:1

condensing (1)
58:24

condition (4)
48:1,4;53:11;104:9

conditions {9)
47:19,20;59:6,97:13;
99:1;101:25;141:24;
146:1;147:21

conduct (1)
73:21

conducted (1)
101:15

conference (1)
T2

confirm (1)

94:18

conflict (3) .
54112;104:21;137:8

conform (1)
13:5

confusing (3)
64:11;65:6,92:10

connected (1)
28:10

conservative (10)
45:7,13;50:15,18;
60:16,19;133:7;134:1,5,
12

conservatively (1)
130:21

considcr {6)
60:2,96;15,16;107:7,

22;148:18

consideration (1)
117:13

considerations (2)
103:7,11

considered (6)
37:25;106:7,16;109:8;
150:7,14

considers (1)
113:6

consist (1)
129:18

constituents (1)
89:14

construct (6)
27:19;28:11,19;38:20;
39:17;41:14

constructed (7)
11:3;12:5,6,40:12,23;
41:11;148:25

construction (2)
27:18;41:15

Consultants (2)
B:18;10:16

consulted (1)
12:6

consulting (2)
10:11;11:25

contact (17)
19:24;21:23,24:24:12;
44:9;45:18;46:1 4;
47:14;48:7;103:12,19;
104:1,16;136:4,7;,147:17

contacted (1)
150:3 :

contacts (1)
85:4

contain (1)
75:21

contained (1)
61:18

contains (6)
15:5,7:17:7,10,63:16;
89:13

contantinate (1)
85:3

contaminated (1)
11:4

contamination (17)
11:2;12:13;84:11;
85:15;80:7;87:12:88:9,
23;90:24:91:19;93:4,9,
16,22,24;94:5;154:22

contending (2)
62:21;134:10

content (7)
28:14:30:10;32:7,106;
46:11;94:19,19

contention (4)
62:25;95:16,25;
1151

context (3)
104;24;111:21;150:15

characterize - eontext (161)

Charles Fisher Couri Reporting

503 XTast Mcudenhall, Bozeman MT 59715, (406) 587-9¢G16

Mig-U-Seriptld




Edward L, Handl, P.It,

continue (3)
38:15:;119:24:126:4
" Continued (1) -
3:1

continuing (1)
73:16
continuum (1)
152:8
contradicts (1)
96:9
contrast (4)
14:3;51:3;52:15;56:15
contrasting (3)
19:13;21:21;75:16
control (1)
1051
converted (1)
45:15
cool (1)
141:2
copy (5)
9:3,18:8,12;26:7;
116:6
corper (5)
20:19,28:9,21;29:6,11
correction (2)
70:23;73:15
correctly (2)
108:14;112:2
correspond (1)
65:20
icorresponding (3)
42:3;46:19,66:2
cosolute (2)
72:19;127:25
cosolvent (2)
72:18,18
couple (2)
31:11:103:4
course (1)
43:14
courses (1)
57:5
court (3)
7:9,10,23
created (1)
972
criticize (1)
60:21
eritique (1)
13:21
crossed (2)
113:6;114:10
crude (3)
44:12;45:17,19
curvature (1)
69:23
curve (11)
43:18;46:23;47:1;
69:12,13,15,15,24;70:3;
100:20;111:8
cut (2)
105:16,16

Cuthbert (2)
3:11,31:19

cuis (1)
58:14

cycle (3)
13:8,10,17

D

d- (1)
5711
damp (1)
81:2

| dampness (1)

80:20
dancing (1)
72:1
data (30)
29:16;37:23;40:23;
49:15:50:6,7;53:23;
95:15,24,96:7,8,14,15,
16,18,21,22,23;97:7;
98:10,11,13,20;101:13;
103:9;125:2;135:18;
141:4;148:12;152:16
date (1)
82:6
day (1)
149:19
day-to-day (1)
27:11
de (2)
89:1,16
deadline (1)
121;7
deal (1)
on:5
dealing (1)
20011
deals (2)
1125777 -
dealt (3)
12:1,4,11
debate (3)
114:9;126:5,9
decision (2)
81:25,83:19
decrease (15)
16:22;68:1;127:13,22;
138:9,10;139:22; 14025,
15,18;145,7,9,13,16;
153:23
decreased (1)
140:7
decreases (1)
16:19
defies (1)
113:9
Define (3)
107:12;112:7;113:5
defined (3) ’
16:23,43:18;152:3
defining (3)

14:19;112:18,21
definitely (1)
13:2
definition (1)
80112
degree (13)
49:19;107:6;111:20,
20,113:7,10,10;114:5,
13,14,16;127:21;142:1
degrees (5)
59.7:67:11,15;141:13,
152:10
delta (3)
65:24;66:24,67:5
demonstrating (1)
137:17
demonstration (8)
20:9,10;30:20,46:9,
76:19:82:25;137:14;
152:23
densities (1)
143:6
density (8)
41:25;142:18,25;
143:4,5,7,8,24
dependent (3)
138:17;139:25;140:11
depending (3)
44:15;92:17;142:20
depends (2)
148:23;151:25
depicted (2)
31:5:42:22
depiction (£)
20:22;68:15;70:2,9
depicts (1)
15:12
deposition (4)
7:2,11;121:8;155:19
derivation (2)
64:25.65:2
dertved (1)
47:8
describe (11)
10:22;14:7,15:13;
19:23;21:1;105;14,18,
21,22;106:20;107:1
deseribed (20)
20:2:26:18,23,25:
27:23;28:25;31:6;34:23,
25:135:15;41:1543:1,21;
44:25,72:4:89:18;53:24;
105:3;107:17;118:21
describes (2)
17.5;28:12
description (1)
2132
design (7)
12:18,21;13:4,5,9;
148:16,22
designation (1)
64:21
designed (3)

{ diagram (77)

11:2;12:5:149:1
detail (2)
64:18:150:2
detalls (1)
63:12
Determination (1)
83:6
determine (7)
93:3;94:22:129:2.5;
130:2;140:22,149:5,9
determining (11)
21:25;90:22;91:18;
93:14;103:10;123:14;
126:22,;132:6;150:17,
154:21,23
develop (2)
21:7:24:2
developed (1)
152:13
deviate (1)
70:3
de-watering (3)
78:25,79:5,20

14:11,20,21,21;15:2,
10,11,12,24;16:5,7,7,9,
12,15;17:1,4,13,20;19:7;
2013,15,18,20,23;21:5,8;
22:5,12,24,23:23:2T7:18,
19,22:28:9,16,21,22,23:
29:9,16,17,18,20;36:11;
38:2,9,18,19;39:14,18,
18,19,25:40:4,11,13,24;
43:1,4,8,9:44:1,69:21;
98:14;99:21;100:9;
108:2,18;111;19;112:3;
114:3;146:16,18;147:4;
152:14,15

diagrammed (1)
111:24

different (24)
0:25;14:5,5,29:25;
31:11;36:14,53:25;55:5,
56:15,16357:12;60:4,24;
67:4;73:14,24,74: 14;
78:2;79:16;129:5,19;
134:22;152:8,10

differs (1)
133:14

difficult (1)
20:13

dilite (1)
99:6

dilute (37)
17:8;20:19;24:25;
25:6;28:13;39:25:40:1;
43:20;51:13,13,14,18,
22,25;52:5;54:16;56:6,
7,99:2,3,4,6,11,13,16;
101:3,4;114:8,21,23,24;
118:16:119:14,19,19;
146;3,4

dilution (1)

60:22
dipentene (3)
57:10,10;58:21
direet (1)
152:22
direction (1)
16:21
directly (4)
41:16;43:8;73:4;75:11
disagree (1)
134:10
disappointed (1)
129:6
discernible (1)
2(:14
Discharge (1)
7:5

discharged (1)
80:3
discrepancy (3}
50:7,67:8,9
discussing (1)
86:14
discusston (2)
72:18,19
disk (2)
79:18;80:16
displace (1)
138:4
displayed (1)
7823
disposed (3)
85:1,8,18
dissolution (9)
71:23;73:3;107:21;
109:2,6,7;112:14;
113:24;118:19
dissolve (3)
96:12:107:21:136:24
dissolved (8)
2572725287297,
07:25;126:19;134:9;
152:5
dissolves (5)
75:25;76:2,16;108:8,
23

dissolving (11)
53:16,20,95:19;96:4;
115:9,16,118:4,10;
119:4;145:1;149:6

distillation (1)

38:24 ‘

distinguish (1)

151:21

distribute (3)
17:17,21:137:19

distribution (3)
17:16;62:5,8

divided (3)
65:24,06:25;67:20

Dividing (1)

7724

Division (1)

Mir-L-Seript@®

Charles Fisher Court Reporting
503 East Mendenhall, Bozeman M'T 59715, (406) 587-9016

{162) continue - Division




Edward L. Handl, P.E.

81:24
"limonene (105)
14:14;15:5,8;16:8,16;
22:25:24:6,9:28:6,7,15;
29:7,31:5,10;32:25;
33:10;46:13,18;54:7,24;
55:3,20,20,24:57:3,23;
58:8,11;62:7,14,15;
73:12;75:22;76:2,6,17,
22,25:83:23:84:2,6;
94:22:95:17;96:2,10;
97:5;100:14;103:18,25;
105:6,11;106:21;
111:11;115:4,5,8,15;
117:17,24,118:3,9,22;
119:5,9,12:123:6,15;
124:9,10:126:22;137:9,
13,25;138:3,6,13,15;
139:3,8,13;140:1,10,15,
22;141:7,10,11;142;6,
-12,19:143:1,22,24,25;
144:12;145:1,14;
146:11:147:9,22;149:5;
153:16,20,22,23
document (38)
16:2;23:1;25:19;
34:11,17,24:36:20;41:3,
20;44:21,24:61:2:68:20;
74:21;78:20;81:18;
82:16,18,20,22:83;13,
©15;84:25;86:22;96:25;
¥7:2;109:13;125:8,16,
19,21,22,22;126:1;
128:18;129:1;133:4,
135:;22
documentation (1)
64:2
documented (3)
30:11;38:19;50:6
docuaments (3)
83:18:125:11:131:5
done (11)

33:21;34:9,12,17;46:13;
48:18,24:49:21:51:4;
52:11;59:24;60:20;61:6;
62:18;63:4:64:4:66:106;
70:12,73:20;74:1,15;
75:6;77:17,82:5,96:9;
100:20;115:24;121:5,8;

[30:13;132:15;133:5,16, |.

18,25;134:14,16,20
drafting (2)

81:17,20
draining (1)

81:1
dramatie (1)

67:22
drawing (3)

21:7:100:23;101:2
drawn (3)

69:12,13;70:2
drew (2)

100;16,20
drive (1)

115:20
driven (1)

144:5
driving (2)

103:9;115:18
drop (1)

4811
drops (1)

67:25

ary (1)

80:13 .

Dubue (17)
7:19,19:81:5,99:23;
102:2,4,14,19;103:1;
110:17;116:14;120:2,4,
22;128:20;129:1;154:7

duiy (1)

8:6

during (2)
63:23;153:9

8:24;11:2,6,23;65:12;
78:22:106:15;147:25;

It

149:5,9;155:8
double-cheek (1)
25:18
double~eounting (1)
546
Dow (1)
10:3
down (8)
13:9;48:14;62:4;
65:14;67:21,25;116:21;
12712
down-gradient.(1)
[50:11
downstiream (1)
150:11
downward (1)
520
42)
3:12;13:19,25;21:21;

earlier (1)
91:16
early (1)
82:7
easier (1)
22:15
easiest (1)
23:11
East (2)
3778
cat (1)
110:19
Ed (2)
7:2;8:12
Edition (2)
17:25;19:1
education (4)

9:2,13;101:11,17

d-Limonenc ~ Exhibit (163)

educational (1)
9:12

EDWARD (1)
8.5

elfect (21).
72:7:89:2,16,94:22;
108:2,7,21;117:3,21,
118:4,10,12,20;119:3;
140:13,18;142:7,11;
145:1,8;149:5

efflective (4)
25:22;26:5;79:20,22

eight (1)

125:8 .

eitlier (3)
80:2,3,140:17

‘element (3)
79:24,25:80:2

‘elements (1)

80:17
elevated (1)
126:17

else (1)
119:11

emanating (2)
61:23;63:24

embedded (1)

717

empirical (5)
95:15,24;96:7,8,14

employ (1)

63:13

cuployed (2)

8:16,17 -

employment (4)
©:2,21,24;10:3

encompass (1)

60:10

end (10)
21:25;38:16;45:8;
70:8:89:11,22:90:6;
91:25;130:18,19

endorsing (2)
T4:4:75:14

engineer (2)

11:10,11

engineering (16)

9:14,15;14:10;18:4,6,
8,9,13,13;22:11;27:6;
41:13;52:2;122:3,4,5

engineers (1)
18:11

enhance (8)
54:17,18;56:8;71:23;
73:3;102:19;118:19;
142:16

Enhanced (3)
120:6;122:8;144:8

enjoy (1)
13;3

enough (2)
80:13;116:25

enters (1)

79:24

entire (9)
60:10;61:1;63:4,5,10;
104:24:115:10;130:19;
135:1

entrained (3)
85:12;88:7,21

entry (2)
138:1,7

environment (1)
143:12

Environmental (%)
8:17,10:11,16,25,
12:12,13;121:20,21;
122:21

environmental-retated (1)
10:10

EPA (10)
25:13;26:3,17;33: 17,
18;34:9:36:1;96:25;
125:19,21

EPA/600/M-21/009 (1)
97:1 ,

equal (1)
141:24

equation (5)
26:5;54:5;64:11,12;
76:25

cquations (2)
22:8:24:20

equilibrinm (36)
14:24:16:25,17:22;
19:25:20:3;21:8;23:23;
24:1,3,12,28:11;29:18;
37:23;38:20139:15,19,
21;40:5,6,14,21:41:16;
42:21;43:4,9,21;44:1;
46:22,25,47:15;60:23,
63:11;76:24;111:19;
136:4;147:5

| Equilibriums (3)

102:13,18,25
equivalent (4)
21:17:41:23:46:3;75:5
erroneous (1)
73:12
erroneously (1)
73:11
error (2)
65:7,06:16
ervors (3)
55:9:68:6,78:5
especially (1)
51:15
Esq (1)
35
essentinl (1)
103:13
estimate (7)
60:18;129:15;132:3;
133:25:134:19;135.7,
136:9
estimated (5)

129:7;131:22,24,;
132:1,18
estimates (3)
136:12;150:2;152:19
estimating (5)
44:8:135:6,9;136:3,6
evaluate (1)
3711
evaluating (3)
149:21,23;150:6
evaporate (12)
59:8;137:9;138:13,16;
139:3,13:140:2,23;
141:22;142:12;144:21,
23
evaporated (6)
92:18;143:17,22,23,
24;144:1
evaporation (26)
59:12;138:17,139:23,
24,140:4,9,14,19,20;
141:7,21;142:1,6,17,18;
143:14,16,18,25;144;2,
5,9,10,11,13;150:5
even (2)
29:9;117:2
evidently (1)
63:1
exact (3)
16:9,82:6;108:25
exactly (1)
64:19
exaggerated (3)
53:3,11;68:6
EXAMINATION (6)
8:9;81:14;126:4,
149:14;151;19;154:11
exantined (1)

example (11)
16:14;20:16;51:8;
59:4:61:24;62:6;98:13,
15,16;111:24;137:20

excellent (4)
58:2,7,14,15

except (1)

92:21

excerpts (1)
18:24

exchanging (1)
12117

excuse (8)
15:15;18:24,28:13;
33:4,10535:8;39:1;41:19

EXECUTIVE (2)
3:3;7:22

Exhibit (81)
8:20,9:3,7.8,9,15:17,
21;17:25;18:15,19,24;
19:4,6:20:7;22:17.,21;
23:16;26:13,16,21;
30123,31:2,24;32:3,19,
22:33123:34:19,24,35:1,

Charles Fisher Court Reporting
503 East Mendenhalf, Bozeman MT 59715, (406) 587-9016

Min-{eSeripl®

-




Edward L. Handl, P.E,

5,9,22;36:1,16,17,21;
37:15,16,21;38:6,10;
39:1,8;40:16,20;41:8;
42:20,22;44:18;45:3;
59:15,16566:17:74:7,11,
18,78:8,12,18,82:24,;
84:18,20:98:3;99:25,25;
100:1,1;102:9,11,15;
115:22;116:1,2,3;
119:23;12004,5,8,20;
144:18
exhibits (5)
25:9;121:4,8,10;
125;12
cxist (6)
12:12;29:13;63:20;
64:1;95;9;,97:13
existing (1)
63:6
exists (3)
17:21;49:8,9
expect (0)
46:1;117:3;119:3;
133:15;140:1;153:16
expected (1)
21:13
experienee (11)
12:25;13:12;57:3,16,
22;58:18,63:20;79:13;
101:12,17;119:3
experienced (1)
7915
expert (3)
18:20;97:12;135:5
expertise (1)
122:16
explain (6)
19:8;27:13;42;24;
106:3;114:4;146:25
explained (3)
59:22;60:22;130:16
explaining (3)
42:20:166:15;93:13
explanation (1)
113:9
exponent (1)
66:21
expression (1)
10727
extensious (1)
33:20
extract (15)
14:13,16;17:%:21:6,7;
23:22:28:12;40:25;42:4,
5:43:15,24;,46:23,55:2,2
extracted (2)
40:22;48:11
extraction (4)
103:7;108;3,7,22
extracis (1)
111:8
extremely (5)
49:12;55:18;58:3;

119:13;146:4

eyes (1)
63:24

face (1)
60:1

facet (7)
58:10:59:10:62:8;
70:8;109:7;134:4;
144:12

factor (15)
48:19;67:22,24;68:4,

5,73:13;77:19,25;123:9,
13,14;124:10;138:8,10;

153:7
factors (3)
65:15,126:18;139:25
Tair (9)
49:1;57:15;94:2,6;
1 97:10;106:14;132;5;
137:25;139:22
fairly (1)
105:10
faith (1)
60:6
familiar (8)

57:17,20779:5,8,11,15;

117:14;121:24
fan (1)
144:4

far (3)
70:3:83:17:95:9

fashion (1)

61:3.

February (8)
30:20;73:20,75:7;
81:25;82:7,8;83:3,19

feed (1)

111:4

felt (d)
14:2,4;31:15:45:6

Tew (6)
10,4;91;11;127:11;
149:20;151:17:154:9

field (10)
12:7:49:7,7;121:25;

122:2,3;125:1;148:9,13;

153;16

figure (15)
15920721‘309
41:10,53:23;111:3;

131:20;132:15;133:1,16,

17,19;134:23,25
figures (5)
32:8;50:9;91:12,17;
132:4
filter (10)

79:18,19;80:5,5,12,14,

16,16,25,25
filtration (8)
79:16,24,25;80:4,7,7,

17,22
final (7)
80:6,6,7,97:24;
118:17:147:2:153:13
finally (3)
32:21;116:22,24
find (6)
30:14;46:5;52:11;
58:11,59:18;152:18
fine (2)
71:6;140:6
fines (17)
46:14;,48:9:86:3,
95:12;96:20,137;10;
138:14,16;139:4,13;
140:2,23;142:1,3,19;
149:24;155:2
finished (2)
29:20;117:10
firm (1)
10:10
firms (2)
9:25;11:6
first (32)
8:6;9:23:;15:12;18:7;

22:11;30:18;31:7,44:11;

50:5;52:16,16;55: 15;
60:7;65:1,18;68:14;
69:7,10,74:23:75:10;
76:19;77:12,82:3;

102:24;103:4,4;109:24,

25:;110:1,2,23;137:15
Tisher (6)
3107‘17101023
fit (2)
23:4:112:19
fits (1)
11:25
five (7)
29:2;41:19,22;43:12;
129:21;130:3,7
fixed (3)
28:5;151:23:152:2
flat (1)
142;15
flatter (1)
69:22
flaw (3)
59:22,22:64:9
flawed (1)
62:2
flaws (4)
52:10,11;56:21,59:18
Flip (2)
109:13;112:5
flowchart (1)
78:13
fluid (1)
106:22
fluids (2)
107:18;152:4
focus (3)
10:23,24,78:23

Tollow (4)
23:19;64:19;65:2,2
followed (1)
277
following (1)
8:1
follows (2)
8:17,105:2
follow-ups (1)
157
foree (1)
115:18
forces (1)
103:9
foreeasting (1)
134:6
forgotien (1)
120:20
form (7)
19:25;28:11;63:7;
64:1;70:24;107:19;
152:7
Tormed (3)
10:13;14:1;16:25
forms (4)
17:22:20:5;21:19;
106:6
Tormula (1)
77:3
formulation (1)
103:12
Forty-seven (1)
72:24
found (2)
45:9;152:17
fouudation (9)
86:18,22:94:10;
122:22;126:25;128.7;
131:1;147:2,3
founding (1)
146:23
Tourth (2)
45:22:48:6
fraction (15)
26:6;45:15,16;46:18,
20;70:24:76:3,5,6,21;

77:13;117:1,18,136:14;

138:3
fractions (2)
64:7;137:18
free (1)
81:1
frequently (1)
18:14
Friday (1)
15520
Tuels (1)
63:23
fall (5)
13:8,10;31:8;84:23;
129:2
fufl-time (1)
10:2

fully (2)
30:3;92:11

fanetion (2)
26:5;152:1

furtlier (8)
19;14;23:15;81:4;
85:21;147:5,6;154:3,6

G

garage (1)
58:11

gas (2)
143:8,16
gaso]iue (0
593
gave (2)
125;18,18
GC/MS (1)
85125
General (6)
316;26:25;51:1;59:23;
61:14,15
generalization (1)
729
generalize (1)
51:6
generalized (3)
15:12;16:7;39:24
generalizing (1)
71:25

‘| generally (3)

140:16;142:11;143:3
get-go (2)
53:4;56:10
given (6)
89:17;119:15; 121; :9;
125: 22 127; 13 1141 23
gives (1)
101:1
God (1)
49:8
goes (5)
48:14;64:5;73:7;
85201377
good (5)
24:2:54:24,57:23:
58:3;100:5
governed (1)
103:10
gradient (1)
114:15
gradients (2)
144:6,7
grams (1)
42:1
granted (1)
134:24
graph (3)
68:15,18;69:17
graphically (1)
14:22

graphs (1)

Rin-U-Seript®

Charles Fisher Court Reporiing
503 East Mendenhall, Bozeman M1’ 59715, (406) 587-9016

(164) exhibits - graphs




Edward L. Handl, P.IE.

68:12
‘ease (6)
58:14:90:19;91:12;
92:4;153:3;155:1
greasy (1)
58:13
Great (%)
23:13;25:8;114:9;
146:6,12;147:10,22;
151:10,10
greater (2)
68:1;150:1
green (1)
58:16
gronnd (3)
12:9,25;63:20
Groundwater (12)
7:5:89:16;120:6;
122:9:126:17,127:13;
128:6;149:22;150:7,13;
. 151:7,11
Gschwend (2)
122:18,20
guess (5)
13:15;75:7;102:12;
113:13;152:9
guidance (3)
- 54:12;56:6;119:15
guys (1)
126:3

H

hall ) -
137:12;138:6

halfway (1) -
116:21

hand (10)
9:4;15:25,25;34:5,0;
44:2.1;74:13,98:24;
102:2;111:18

Handboolk (13)
18:5,8,13,25;22:11;
27:6:41:13;98:16,24,
100:25; 1011102278
13417

handed (1)
45:3

landing (11)
15:20;18:18;22:20;
26:17;32:2:35:25;36:20;
37:20;40:19;74:10;
78:11

Handl (11)
7:2;8:5,12,23:42:16;
66:15;76:14;81:16;
129:3;149:16;151:21

handleable (1)
8023

handling (1)

41:25

.ds (1)
5813

Hang (3)
30:13;42:6;127:16

hanging (1)
149:16

happen (1)
139:10

Lappens (1)
108:24

hard (4)
64:19;113:3,5;114:11

hazardous (1)
11:8

HAZWOPER (1)
117

head (1)
143;2

heading (2)
88:15,102:13

health (1)
11:7

liear (2)
145:21,24

heard (4)
121:20,23;122:12,14

heavier (2)
130:19;143:9

height (1)
69:23

helpful (5)

- 90:22;91:17;93:14,18;

127:18

herein (1)
#:6

Hel e's (2)
69:2;95:25

high (4
45:7:49:19;124:13;
148:12

higher (12)
133:7,22,24;134:4,6,7,
8,9:143:3,4,5,8

highly (2)
111:17;113:16

hit (1)
56:21

Hogle (83)
7:15,15;8:10,22;9:7,
10;15:19;18:17;19:3,5,;
22:19;26;15,20,22,32:1,
18,20;34:21;35:4,6,24;
36:15,19;37:14,18;38:5,
7:40:18;41:7,9:42:15;
44,20;60:14;74:9,18,20;
76:8,13;78:10,17,19;
81:4,7,82,22,86:18,20,
24:90:8,25;92:6,8,
94:10;106:15;110:6,9;
116:5,9,11;117:10;
120:13,24;121:2,7,11,
13;122:22;125:6,15;
126:3,8,10,25;127:19;
128:7;129:11;13 131,
145:19,25;151:17,20;

154:6;155:12,15
hold (2)
100:8:106:15
horizontal (2)
79:18;80:13
horses (1)
100:8
human (1)
58:6
humie (3)
127:13;128:2,5
hundr eds ) ‘
60:;3;129:18;135: 14
137.3
hydration (2)
117:2,12
hydrocarbon (6)
54:17,19;55:4;56:1;
62:13;129:19
hydrocarbons (24)
21:15,44:7,54:16;
55:19;56:8,9,61:23;
63:16,17;71:23,24,73:2,
4477:8:86:12:87:19;
00:18,20;91:13;118:18,
20:124:25;126:16;153:3
hydrocompounds (1)
126:16
hydrogen (1)
56:2
hydrogeologic (1)
89:18

hydrologic (1)
153:10

hydrophobic (4)
124:13,14,17,19

I

iden (2)
109:21;137:3

ideal (29)
24:24:;97:13,15,20,22;
98:1,7,12,19,25;99:7,11,
17:101:24;104:17,20,20;
114:6,7,12,15,18,20;
119:14,17,21;145:20;
146:1;147:21

ideality (1)
777

identification (15)
8:21;15:18;18:16;
22:18;26:14:31:25;
34:20535:23,36:18;
37:17:40:17;44:19;74:8;
78:9;120:9

identified (1)
38:8

identify (10}
7:12;22:21,32:3;33:5;
36:1,21;37:21,;40:20;
74:11;78:12

ie (1)

144:4
I (16)
17:1;19:7,22:5;23:22;

39:12,13,23,24;107;25,

25;108:6,11,14,18,21,;
111:3

imagine (1)
141:2

immiscibility (14)
105:15,18,23;106:4,8;
109:5:111:13;112:8;

113:23,23;114:5;152:6,

8,11
immiscible (31)

15:3;105:11,20;106:8,
17,22,24,25;107:2,5,8,9,
10,11,12,14,15,17,19,23:
108:4;109:4,9:111:12,

14,23:112:3,20,25;
113:6,16

immiscible-type (1)
114:1

impact (1)
22:1
impacted (1)
151:7
implicit (1)
61:11
importance (1)
151:8
important (10)
24:8:29:12,14,16;

39:22;,49:13;63:15;65:4, |

12;140:21
inaccurate (1)
113:19
Ime (1)
3122
include (4)
67:18;130:17;135:13;
139:16
included (2)
61;15;93:1
includes (1)
66;23
including (1)
90:18
inconsistency (1)
541
Incorparated (3)
10:15,15;136:22
incorporating (1)
76:3
incorrect (1)
62:24
increase (10)
65:16;74:3;77:19,25;
118:12;119:4;140:18;
144:10,11;153:16
increased (5)
52:18,20;54:11;77:21;
139:20
inereases (2)

127:8;139:20
indented (1)
1377
independent (3)
14:3,8;74:2,
indicate (4)
25:10:89:15;127:23,
25
indicated (2)
20:24:116:9
indicates (6)
32:6;53:115162:5;63:5;
67:11;155:4
indicating (2)
72:10;137:19
indication (1)
131:10
indiscernible (1)
28:17
individual (5)
25:12;26:6;60:4;
87:22,132:3
industrial (1)
58:9
industry (1)
27:4
influence (3)
115:15;126:23:144:25
information (17)
21:11;24:16;27:20;
29:24;31:21;32:4;34:4;
37:10;50:10,25:61:2,15;
74:1;75:5;98:12:1127:9;
150:5
ingredient (2)
57:24;58:2
initial (2)
59:21:78:15
initially (1)
13:25
input (2)
60:3;98:10
installed (1}
12:10 ‘
Tnstitute (1)
122:13
instruct (2)
125:6,126:7
instruction (1)
126:11
instructive (2)
154:21,23
insufficient (1)
53:7
intend (1)
16:10
intent (8)
73.8,8;81:21;82:11;
87:7:147:11,13,15
inter (1)
146:10
interactions (5)
25:7;146:6,11;147:9,

grense - Interactions (165)

Charles Fisher Court Reporting
503 East Mendenhall, Bozeman MT 59715, (406) 5879016

MinUaSeripi®

[]

L)




Edward L. Handl, P.E,

21

interested (2)
19:12;49:6

Internet (3)
32:5;33:9;36:25

interpolated (1)
50:8

interpolation (1)
35:14

interpreting (2)
98:21,23

interrupted (1)
38:14

in-the-field (1)
97:3

into (25)
10:16;19:23;42:21;
51:24;63:11;66:3,3,19;
76:2,16;85:2;95:18,19;
96:3,4;112:15,16;113:7,
25,;136:16,19;138;1,7;
144:13;155:10

introduce (2)
38:14;60:17

13:19,25;33:21;34:12,
17;51:4;52:11;59:24;
61:6;62:18;66:16;70:12;
73:20;74:15;82:5,96:9;
100:20;121:8;125:22;
133:16,25

Joro (5)
7:17:86:24;110:6,9;
116:6

Journal (5)
37:23;121:18,22,25;
122:2

journals (1)
122:7

judgment (1)
131:20

junior (1)
18:9

justity (2)
54:8,11

K

Ieeep (4)

133:5,18;134:14,16,20
Johnson's (21)

introductory (1) 18:10:49:13,14;59:11
126:14 keepsake (1)

investigate (1} 18:11
85:21 KIC (2)

involved (2) 31:22;32:6
57:21:79%:10 kilogram (12)

involves (1) 28:1:29:3;30:9;33:3;

- 80:8 41:24;43:13;44:17;45:9,
jonic (1) 13;47:3;155:3,6
145:6 kind (7)

irrelevant (2) 11:22;58:4;64;15;
112:10,17 71:25:76:14;110:1;

irritating (1) 1444
584 kinds (1)

issue (4) 09:16
49:21;51:8;61:7;70:15 | knowing (1)

items (4) 130:8
10:25;52:14;56:25; knowledge (2)

71 99:18;103:5
lenows (1)
J B6:25

Jan (1) L
7.9

January (7) Inb (2)
33:21;52:11;59:16; 85:22;97:3
75:8,9,9,10 labeled (3)

JBR (4) 28:22:64:14,65:10
8:17;10:16,30:20,46:9 | laboratory (3)

job (2) 59:10;150:22,22
0:25;10:2 lacks (3)

Jolinson (22) 94:10;126:25,128:7
3:12;21:21;34:9; Lake (1)
46:13;48:18,24:49:21; 3.8
60:20;63:4;64:4;74:1; | Lane (1)
75:6;77:17;115:24; 814
121:5;130:13;132:15; | Jarge (3)

60:5;114:2,2
large-seale (1)

50:20

last (13)
33:25;35:19;58:12;
63:22,78:06;84:23;
105:163110:7,22;111:6,
7:116:2,3

later (3)
51:25;65:15:68:2

Laura (2)
3:10;7:10

Law (2)
24:24:51:9

lay (1)
106:7

layer (2)
106:6;107:20

layers (1)

1527

lays (1)
147:1

Leaching (3)
85:23,24;86:1

lead (2)
64:25;150:4

leap (1)
60:6

least (2)
103:14;104:5

leave (3)
65:9;102:3;154:17

leaving (1)
80:1

left (4)
10:7:65:4,76:15;
110:23

left-hand (9)
16:14;28:3,20,23;
29:4,5,11,32:22;109:23

lengthy (1) . :
125:7

less (6)
52:2,3;116;25;140:2;
144;23;153:4

lessened (2)
153:8,11

lesser (1)
153:12

letter (2)
82:25;83:4

letters (1)
119:25

level (1)
48:14

levels (2)
48:19;116:25

liberal (1)
60:18

lie (1)
111:8

light (1)
130:18

likely (1)
85:3

Iimited (1)
125:10

limonene (5)
17:9;43:16;104:19;
112:16;115:19

limoneno-bitumen (1)
127:4

line (37)
17:3,17,18;20:3,14;
28:11,20,39:24;43:3,11,
22:52:17,17:53:13,14,
14;54:5:62:4,20:64:10,
10;65:19,23:69:11,21;
70:4:73:10,16,17;80:19;
100:16,24;101:2,14,24;
146:15,18

lines (15)
17:1,19,22;29;13,15;
40:1,2:42:25:43:2;
53:21,24;65:18;70:21;
71:16;101:5

liquid (20)
14:12,23;37:22:54:10;
63;16,64;1,5,8;65:11;
70:24;77.13;79:25;
80:12;103:12,19;1G4:1,
16;106:5,5;117:4

liquids (4)
63:20;108:2,6,21

list (3) - -
35:20;121:9;135:25

listed (1)
135:23

Listen (1)
113:13

listing (2) -
36:7.8

lists (1)
339

liter (25)
29:8:33:4:41:23:42:1;
45:22:47:11;48:6,10;
53:18;77:15;118:25;
119:6;123:7;124:9;
127:14,23:130:12,15;
132:13;133:6,12,13,23,
23;134:12

literature (8)
29:8:31:12;35:15;
45:6;60:25;98:11,21;
152:16

litigation (1)
12:15

little (10)
9:1,11;23:8;39:9,79:3;
89:13;100:4:116:17,22;
141;2

live (2)
8:13,14

Living (2)
7:17,19

l-limonene (1)
5711

logie (1)
55:15

logieal (1)
56:14

long (1)
149:19

longer (1)
81:1

lool (13)
39:11;50:3;60:8;
61:20,21,73:24:84:15;
94:8;102:6;109:4;122:4,
5;154:16

loolced (5)
42:7:67:1;130:7,16,19

looking (13)
25:12,22:26:10;43;16;
49:14;50:24,54:25;
55:14,61:9;63:9;72:11;
110:5;111:22

looks (2)
20:24:155:7

Tose (1)

1 59:12

lot (11)
12:8:49:16;51:23;
58:9,10;111:23:116:8;
138:17;140:11;145:23;
151:3

toud (1)
128:12

low (10)° -
29:1;51:20;58:5;
106:1;116:25;117:1,18;
119:13;128:5;146:13

lower (18)
16:14,15;28:8,20;
29:5:31:1;32:21,24;
35:8;78:24:92:23;
116;18;133:15,18;
134:21,23;141:17,
144:18

lower-left (1)
359

[ lowers (1)
67:20

lunch (1}
110:20

- M

MACHLIS (8)
102:9;110:24;111:1;
120:1,3;125:20,25;126:2

MacKay (1)

122:18

magazines (1)
122:6

magnitude (2)
47:21;68:1

main (2)

55:10,10

majority (1)

M b-W-Seviptdd

Charles Fisher Court Reporting

503 East Mendenhall, Bozeman M'T' 59715, (406) 587-9016

(166) interested - majority




Edward L. Handl, P.E.

10;:14
lees (2)
28:16:37:10
malkeup (4)
87:22;129:18;131:13;
1327
making (5)
2006;49:16;52:21;
70:1;137:15
man (1)
49:10
managet (2)
11:6;50:8
Management (6)
10:9,11,13,19;11:5;
13:16
manner (1)
41:12
many (6)
13:10:40:3;55:21,21;
80:17;137:2
Marech (10)
49:21;57:2;59:14,17;
61:6;66:16;68:9,11;
1517971
mark (5) .
15:16;20:12;34:0;
83:4;116:23
marked (30)
8:20;9:3;15:17,20;
18:15,19;22:17,20;
$:13,16;31;24;32:2;
33:22;34:19,23;35:22;
36:1,17,21;37:16,20;
38:10;40:16,20;44:18;
74:7,10,78:8,11;120:8
mass (1)
103:10
Massachusetts (1)
122:13
master's (4)
9:15,17,18,57:5
material (24)
14:16;30:3,5,7,31:3;
32:23;38:9,15;44:15;
49:15;52:23;54:10;
59:12;67:13,15,8001,2;
81:3;85:2,4;92:20;
118:23;140:7;153:10
materials (25)
17:11;19:9;24:18;
25:18:27:21,32:11,11;
36:8:92:22:93:6;95:19,
96:4;109:2;,113:24;
141:25;145:6,7;150:3;
152:17;153:5,7,18,20,
22,24
mathematics (1)
137:17
matter (8)
4:8:24,2522:25;
27112:9;142:3,5
maturation (4)

89:12,22;90,7;92:1
may (15)
21:17,54:6;56:20;
60:10;64:13;70:8;98:11,
11;111:5;142:20,20;
147:16:150:2,4,4
mayhe (4)
50:2;73:8;116:1;
150:24° . :
MeConlie (5)
3:5,71:21,21;149:15;
151:15
mean (17)
1417:51:21,78:22;
81:24:93:21;96:18;
101:19,19:104:13;
107:15;129:15;137:6;
141:19;142:22,143:4,13,
15 ‘
means (3).-
57:12;134:5;144:8
meant (4)
20:8;57:14:87:18,;
109:1 :
measurable (1)
T 106:2
meehanieal (4)
143:10,11;144:3,8
mechanically (1)
80:3

_ mechanism (1)

147:18
mechanisms (5)
79:6,12,13,21;153:11

melt (3)

65:24,66:24,67:5
melting (2)

67:12,14
menber (4)

89:11,22:90:6;92:1
Mendenbhall (1)

7:8

mentioned (6) -
14:18,19;22:4;37:19,
43:20;133:2

merely (3)
20:21,69:12,70:1

merged (1)
10:16

met (1)
18:12

meters (1)
73:12

method (6)
63:9;75:16;,78:1;
85:23,25,86:1

methods (1)
869

mierograms (15)
45:22:47:11;48:6,10;
53:17,77:15;130:13,15;
132:12;133:6,12,13,22,
23;134:11

microphone (1)
154:8

middle (1)
53:22

might (5)
22;15;55:16;61:17;
102:11;151:7

milligram (1)
30:9

milligrams (22)
28:1;29.3,8;33:3,4;
41:23,24.25:43:12,
44:16;45:9,12:47.3;
118:25;119:6;123:6;
124:9;127:14,23;
130:12;155:2,5

millimeters (3) :
59:5;73:13;141:12

million (5)
31:14,16:45:10:47:4;
5017 -

mind (3)
20:12;126:2;150:24

mine (7)
12:4;63:21;134:23;
141:1,6;149:4;153:15

minimal (1)
89:2

minimis (2)
89:1,16

minitize (2)
72:6,7

minus (10)
2012;41:22;43:12;
45:21,47:3,10;48:6,10;
67:20;117:1

minufe (6)
15:7:25:6;53:1;
105:19:107:22;148:1

minutes (1)
91111

miscibility (12)
106:18;108:25;
111:21;112:18,21,24;
113:2,5;151:22;152:4,7,
10

miscible (11)
15:3;106:21;108:8,10,
22;111:4;112:20,23,25;
113:7,19

misidentified (1)
65:5

misleading (1)
53:5

nisses (1)
73:14

misspelled (1}
71

misstatements (1)
62:18

misstates (1)
90:25

mistale (1)

65:3

mix (1)
135:1

mixed (2)
57:13;144:13

mixing (1)
778

mixture (11)
19:8;25:25;46:20;
57:10,11;59:1;61:1;
144:17,17,20;152:21

model (2)
14:11,61:2

models (1)
51:19

moisture (4)
30:10;32:7:46:11;81:2

mole (10)
26:6:45:15,16,76:3,5,
21;77:12;136:13;
137:18;138:3

moleeutar (1)
76:4-

molecules (1)
129:19

monocyelic (1)
55:25

Montana (13)
7:8;8:15,19,9:14,16;
10:5,6,7,7;11:15,15;
18:9;57:5°

month (1)
58:12

more (22)
58:9,9:60:7:62:2;
68:10;86:21:96:11,11;
107:4;109:9;111:14,16,
23;112:2,2,122:3;
1271 11133:7:134:1,12;
142:12;144:21

most (9)

- 13:2;43;3;50:9,10;
56:23;59:18;70:19;85:3;
105:3

mouth (1)
632

nove (24)
0:8;16:18:19:3;23:15;
26:20;29;19,22;32:18;
35:4;36:15;37:14;38:5;
39:5:41:7:45:2,57:1;
59114;60:8;61:13;74:18;
78:17;88:13;120:19;
151:2

moved (1)
148:25

movement (3)
142:23,144:5,9

movements (1)
143:11

moves (1)
80:0

moving (2)

61:16;154:8

much (6)
48:11;56:17,69:21,21;
80:23:155:10

must (1)
60:2

mufual (1)
56:9

N

name (3)
8:11,12;115:23
names (1)
122:23
narrative (1)
93:12
natural (3)
58:2,15;60:21
near (2)
31:6;63:22
nearly (2}
53:8:62:22
necessarily (1)
131:22
necessary (2)
14:2;61:9
need (7)
27:119;5%:11,63:11;
06:7;86:19,21;104:10
needed (1)
46:5
needs (2)
110:10;154:3
neither (1)
70:4
next (7)
29:22:76:20;85:10,20;
88:14;109:12,17
nineteen (1)
10:21
Ninety-seven (2)
72:23,25
NOI@2)
82:10,13
noise (1)
145:23
nomenclature (1)
17:5
nonexistence (1)
586
nonexistent (1)
62:13
nonideal (3)
099:14;104:8;114:15
non-ideal (1)
103:16
nonvolatile (4)
89:21,21;90:6,91:25
nen-volatile (1)
89:11
nor (1)
92:25

malkes - nor (167)

Charles Fisher Court Reporting
503 East Mendenhall, Bozeman MT 59715, (406) 587-9016

Miin-D-Scripd@®




Ldward L, Handl, P.E,

normal (1)
53:15

normally (1)
80:5

notation (1)
64:15

note (1)
3IN22

noted (2)
T1121:15

notes (2)
68:25;147:24

notice (4)
7:11;71:11;81:21;
82:11

noticed (1)
68:12

notion (1)
137:8

Novak (1)
83:5

nowhere (1)
130:25

nuinber (16)
9:25;12:6;30:12;
45:24,25:46:3,3;52:14;
57:17;62:17,66:3;68:2;
T1:14;119:24:120:20;
150:23

numbered (1)
109:19

‘mumbers (7)

50;13;71:1,2,7;75:10;
02:5;119:25

‘| odor (2)

0

objeot (3) .
80:21;120:24;125:6

Objection (11)
86:18;90:8,25,92:6;
94:10;121:3,15;122:22;
126:25;128:7:131:1

obtain (3)
36:9;77:11;80:22

obtained (8)
11:14;27:23;32:5;
33:8;44:11:46: 74710,
78:3

obtaining (1)
154:4

obvicusly (1)
45:5

accasionally (1)
12:14

occur (3)
54:21;111:14,150:2

occurring (3)
105:3,7,9

oceurs (1)
96:12

octanol (5)
54:24:55:3,7:62:9,11

58:4,5

off (24)
10112;42:10,12;66:9,
11,76:9,10,15;80:18;
81:5,8,10;110:12,14;
120:12,14,14,16;128:21,
23;143;2,148:2,4;
155:16

offer (3)
9:7:13:21;38:14

offers (1)
69:9 -

offhand (1)
132:17

offices (2)
7:7,8:18

olfline (1)
126:5

off-site (1) .
151:12

il (38)
7:16;8:25:11418;
14:12,13,17;20:16,17;
22:2:24:7,10;40:7;44:9,
10,12;45:18,19;46:2,5,6,
47:13,57:24,63:21,24;
64;1:78:14,79:6;590:18;
91:12,;92:4;95:20;96:5;
111:17;137:22,147:17,
19;153:3;155:1

oil-rich (13)
15:4,17:2,9,17;19:13;
28:12:38:21;40:8,25;
43:5;107:20;114:22;
115:20

ance (3)
38:17,17,17

one (54)
13:2;15:4;16:18;28:1;
32:8;33:18;36:9,13,13;
37:1,1,2,10,19:44:6;
45:25;52:16;54:17;55:6;
61:17,25,62:19,22:67:8,
8:68:10,17,69:2,72:20;
78:6:86:11;93:1;95:1,3;.
06:24:98:13;103:14,14;
104:5,6;111:23;113:5;
114:25;117:25;135:25;
136:1;139:14;146:19;
152:11;153:13,15:154:1,
7,15

ones (2)
56:22;90:21

one's (1)
36:21

online (1)
26:3

only (11)
43:16;45:20,60:22;
105:2;108:3,7,15,22;
136:1;137:17;140:19

open (2)

85:2;116:12
operate (2)
13:9,79:23
operated (2)
12:11;80:5
operating (1)
13:6

operatton (1)
797

operaifons (5)
11:3,8;57:25;153:14,
15

operator (1)
7:10

opines (1)
48:18

opinion (7)
69:17,72:12;83:22;
94:9,12;103:24;124:8

opinions (2)
13:20:14:1

opposed (1)
152:6

optical (1)
57:12

order (7)
27:19:41:14;44:10;
46:5;65:2,68:1;137:25

ordered (1)
150:24

orders (1)
47:21

organjc (14)
54:8,87:18;92:15,16;
116:24;122:21,21;
124:14,17,19;127:14,22;
128:11,17

Organics (2)
88:15;91:22

orgonic (1)
124:14

original (7)
56:18,67:14;75:6,9;
82;5;95:20;96:5

originally (1)
11:12

originated (1)
57:19

OSHA (1)
11:7

otherwise (2)
59:13;83:6

out (34)
17:14;19:14,20;21:4;
22:12:27:17.21,39:7;
40:13;55:12462:11,19;
65:5,67:4;70:9,10,22;
TLART5:4;77:17,93:8,
20;94:3,7:98:9,105:16;
118:3,6,20,128:12;
130:7;134:3;142:4,15

outcome (2)
22:2,27:15

outlined (2)
45:23;98:16

over (5)
56:24:78:7,108:5;
112:5;126:19

overlapping (2)
117:3,12

own (6)
18:12,12;54:13;63:24;
71:19;73:25

owner (1)
10:14

r

page (90)
30:17;31:6,7;33:25;
34:1;35:19;37:4,8,39:7;
52:17;53:13,14,22:54:3,
3,14,22,22:59:20;60:20,
20461:5;62:4,20;63:3,5;
64:10,65:13,66:17,18;
67:3,23;68:3,4,5,19;
70:20;71:1,1,2,7,14,14,
16,72:22;73:1,10,16,17;
74:23,76:19,20,22;77:6,
12;84:17,21,24;85:21;
86:13,14:88:14;93:12,
13;94:1;95:23;102:12,

15;107:24;109:11,12,14,

17,18,23;110:24;112:3,
5116:7;127:19;128:16;
135:5,24;136:2;137:5,7;
152:24;154:13,14,15

pages (3)
88:17;109:17;125:8

PAH (4)
60:2;95:18;96:3;
153:17

PAHs (7)
A4:11,67:7;120:6;
122:9;124:19,22:126:16

pan (1)
23:8

paper (5)

C122:17;125:1;126:14;
128:4,8

paragraph (19)
84:23,23;102:24;
104:11,24;105;1;109:1;
110:2,23:116:18,22;
126:14,14;128:11,13,19;
137:6,12,24

parameter (6)
65:4,5;140:19;151:24;
152:2,12

paramecters (5)
138:18:139:14;
140:12;142:9;152:18

part (13)
13:6;29:23;35:7,8;
38:12,56:14;78:15;
84:20,92:23;102:17,;

115:12,23;152:25

partial (1)
113:23

partially (15)
15:3;106:21;10°7:5;
108:3,8,16,22;111:4;
112:19,23,23,25:113:7,
19;119:10

partieipate (2)
81:17,20

particular (11)
15:1;16:20;20:12;
44:15;57:19;62:21;
64:12;69:14;92:19;
104:19;151:24

particularly (3)
49:16;54124,89:17.

parts (7)
31:14,16;45:10:47:3;
51:16;75:22,22

Paul (2)
3:5;7:21

PBR (1)

C 154114

PE (1)
8:5

people (1)
11:7

per (42)
28:1:29:3,8,30:9;
31:14,16;33:3,4:41:23,
24;42:1:43:12;44:16;
45:9,10,13,22;47:3,3,11;
48:6,10;51:17;53:18,
77:15;118:25;119:6;
123:7;124:9;127:14,23;
130:12,15;132:12;133:6,
12,13,22,23;134:12;
155:2,6

| percent (12)

40:24,;42:4:43:10;

46:6,14,15,18,21,23;

52:3,4,25
percentage (1)

perfectly (1)
20115

perform (2)
11:18;12:20

performed (5)
22:6;24:16;95:4,5;
136:14

performing (3)
23:21;74:1;134:3

periodieals (1)
122:6

permit (1)

154:5
Permit-By-Rule (13)
7:5:30:20481:17,;
82:16;83:5,10;84:1,14,

18;94:3;152:23,24;
154:14

Mg U-Seripi®

Charles TFisher Court Reporting

503 East Mendenhall, Bozeman MT 59715, (406) 587-9016

(168) normal - Permit-By-Rule




Edward L. Handl, P.X,

permiiting (2)
11:1512:14
iry (4)
17:25;18:2,25;38:22

Perry's (18)
18:4,8,13;22:11;27:6;
39:8:41:12;43:21;98:186,
24:100:25;101:1;102:7,
8:104:4;109:11,18;
111:24

person (1)
150:24

personally (1)
63:21

perspective (4)
14:6;49:13,14;73:24
" perylene (1)
53:25

petrochemicals (1)
91:18

petroleum (27)
44:12;45:11;47:7;
85:11;86;5,12;87:10;
88:1,6,19;89:3,6,12,22;
90:6,19,23,91:13,92:1;
93:3,8,15,21,24;94:4;
124:16;154:21

PH (1)

91:13

phase (81)
12:18,21;14:11,19,21;
52,4,4,6,6,13;17:2,4,5,
0,7,9;19:7,12,13,14,17,

- 22;20:3,16,18,23;21:9;
22:23:23:24;24:5,7,

. 28:12,19;39:14,19,25;
40:9,10,23,25:41:2,17,
21;42:25:43:4,5,5,25;
46:23;47.2,13:51:16;"
55:1;97:25;102:13,18,
24;103:14:104:5;106:6,
10,10;107:18;108:1;

T 109:6,8;111:16,17,25;
112:15,16;114;3,21,22;
115:20,21;138:1,8;
143:16;146;17

phase-equilibrium (1)
103:5

phascs (17)
15:4,17:2;20:12;
38:21;40:7.8;60:24;
94:20:103:12,19;104:1,
16,20;108;9,23;111:14;
113:25

Phillip (2)

122:18,20

physical (3)
33:8;36:7,37:23

pick (1}

134:25
ed (1)
4020

picking (4)

60:4,9:76:15;134:24

picture (2)
20:23;55:14

pile (3)
142:4,13:143:18

piles (3)
§5:8,18;142:10

pit (1)
85:2

place (2)
49:8;148:12

plan (1)
79:13

planned (1)
153:14

plavs (1)
796

plensant (2)
58:4,13

Pleasec (28)
8:11:27:14;37:21;
38:15:81:6;82:8;84:18,
21,88:25,95:21,97:8;
98:9;99:22:100;2,4;
102:15,19;106:4,
109:13;116:15,17;124:4,
24;128:11,20;129:2;
146:25;148:1

plot (5)
16:13;22:12;29:25; -
31:17:36:9

plots (1)
114:3

ploited (11)

17:13,18:28:2,5,8,24;
29:6;38:18,42:2,19;
43:11

plotting (3)
37:12;38:1;39:20

plural (1)
131:14 -

pm (1)
15520

point (26)
28:1,5,7,29:6:36:11;
38:1;41:18;42:1,3;
43:11;53:10;62:19;
63:14;67:12,14,69:18;
70:22;71:18;78:3;80:13,
25,98:9,100:10,13;
101:18;146:23

pointed (1)
62:11

pointing (4)
17:15;39:15,16;
100:10

points (12)
28:10,21;37:10,39:18;
43;18;55:11;69:16;70:8,
17;100:17,21;101:14

pollution (1)
11:1

polyaromatic (4)

21:15,44:7:61:23;
124,23

polyeyelic (1)
126:15 .

portion (4)
64:1;78:24,80:7,
117:18

Partions (2)
97:17,19

position (1)
154:2

positions (1)
10:6

possibility (2)

© 78:4;118:3

possible (6)
17:11,20,49:15;61:22,
22:80:24

possibly (1)
65:6

post-process (2)
19:10,11

post-processed (2)
47:19;48:9

potential (21)
74:2;84:11;85:14,22,
86:7;87:9,10,12;88:8,22;
90:23;91:19;93:3,5,9,15,
22,94:4:149;21;150:6;
154:22

potentially (1)
19:23

Power (4)
10:5,6,7,7

PR (5)
7:4;95:12;149:3;
153:15;154:14

PR-11-001 (1)
7:3

practice (2}
98:24,25

pragmatie (4)
12:9,27:10:49:5;132:6

I'recipitate (1)
§5:24

precipitation (3)
46:1,4;153:11

precise (1)
62:10

precision (1)
150:2

preferred (1)
132:9

prepare (1)
15:9

prepared (G)
15:11,25;18:21;22:24;
41:4,5

preprocessed (3)
47:19;48:1,3

presence (13)
95:17;96:2,10;115:7,
14;126:22;135:15,16;

136:12,22:145:12;
153;21,23
PRESENT (9)
31,7497, 773:2;
116:25;118:18;138:5,7
presented (5)
18:7:91:17;98:21;
121:4;153:13
presents (1)
75:16
pressure (13)
59:5,6;64:6,73:11;
139:12,16,21;141:9,11,
13,20;144:6,18
pretty (1)
56:17
prevent (1)
125:13
previous (1}
88:17
previously (5)
12:2;35:2:43:20;
75:20;135:18
primarily (2)
10:24:19:11
principles (1)
16:10
prior (1)
21:18
probability (3)
117:2,8,11
probably (3)
38:25;51:24;142:10
problem (2)
30:15;134:10
problems (2)
12:1,12
Procedure (3)
85:23,24:92:20
procedures (3)
12:14,15;86:1
proceed (1)
45:4
proceeded (1)
21:5
proceeding (2)
51:1;60:13
proceedings (1)
8:1
process (16)
19:19,21;22:2;48;16;
78:14;80:4,85:13,13,
88:7,21,22;89:12,22;
90:7;92:1;144:3
processed (31}
19:24;21:23:24:12;
46:4,6:47:13;49:9;
84:10,25:85:8,17;86:3,3;
88:8;95:12,96:20;111:5;
137:9;138:13,16;139.3,
13,140:2,23;142:1,19;
147:19:149:24:151:5;
153:5;155:2

processes (2)
79:9,103:7
processing (3)
19:15;21:18;153.9
produce (3}
14:17:29:17;101:5
produced (2)
18:7;19:20
product (5)
14:17;19:16;32:15;
57:20;58:16
products (1)
47.8
profession (1)
274
professional (4)
9:23,10:3;11:10,11
Progroess (1)
122:4

' progresses (1)

64:25
Project (10)
714;13:8;21:13;49:4;
50:22:82:4;147:15;
148:23,24;,150:1
projected (4)
24:11;45:17:47:12,20
projecting (1}
48:25

proj(;ction (1)

45:20

projections (6)
12:21,24;20:6;32:9;
44:3:49:16

projects (7)
12:4,16,25;13:4,7,
148:15,21

praper (2)
86:4;93:2

properly (3)
68:16;69:9,20

propertics (5}
24:17,36:7;55:5;
60:25;62:12

property (1)
33:8

proportion (2)
129:25;130:3

proportionate (1)
138:4

proportions (2)
111:5;130:8

prove (2)
146:21;147:8

provide (1)
14:2

provided (6)
13:22:21:21;120:25;
121:5;125:9.11

proxy (18)
49:17,51:5,7;54:24;
59:25;60:5,9,13:61:4;
67:13,74:4,5;75:13,19,

permitting - proxy (169)

Chiarles Fishcr Court Reporting
503 East Mendenhall, Bozeman MT 59715, (406) 587-9016

Min-{1-$eripi®




Edward L. Hand], P.E.

24;131:16,21;134:24
publication (1)
34:9
published (2}
50:9:60:25
pulled (1)
79:25
pulp (1)
57:20
pure (10)
16:13,15,16,17;43:16;
52:22:53:8,19;,77:22,
144:18
purely (1)
126:19
purport (3)
65:15,87:5;131:9
purported (1)
141:12
purports (2)
63:18;67:23
purpose (4)
20:10;149:23;150:17,
- 23
purposes (21)
B:21;14:18;15:18;
18:16;20:9:22:18;26:14;
31:25;34:20;35:23;
36;18;37:12,17:40:17;
44:19;74:8;78:9;120:9;
137:14;149:21;154:4
-pursuant (1}
711
push (1)
100:4
put (11)
16:1;23:1,49:8;63:1,1;
74:21;102:14;116;14;
120:3;152:9;155:10
putting (1)
71:19
pyrene (2)
126:18;127:12

quickness (1)
138:17

quite (2)
55:22;58:5

quote (3}
73:1;95:22;96:1

R

Q

qualify (2)
48:23;96:17
Quality (3)
7:3;81:25;149:22
quantifies (1)
092:22
quantitative (1)
103:6
quantities (1)
103:8
quibble (1)
56:24
quick (2}
41:20:110:10
quickly (7)
38:23,137:9;138:13;
139:9,12;144:21,23

Racemie (2}
57:11,11

raffinate (32)
17:4,6,7;19:12,17,22;
20:3,18;21:9,13,14;
23:24:24:5,28:19,38,21;
40:9:41:2:43:5,25;:47:2,
6,13;51:16,17,97:25,
106:10;111:16;115:11,
12,15,17,21

Raffinates (1)
111:8

rain (2)
46:1,3

rained (1)
67:19

raise (2)
64:17:65:9

raises (2)
61:6;67:19

ran (1)
90:4

range (17)
28:25;32:16;37:25,
45:5,7,8:46:11,24;60:10;
130:17,18,19,20;131:19,
21;135:17;152:19

ranged (2)
31:14;,44:16

ranges (1)
44:14

ranging (1)
126:18

Raoult's (2)
24:23;51:9

rate (4)
14(:4,19:142:6;
144:13

rates (1)
103:10

raiher (5)
47:21:48:25:60:9,18;
124:7

ratio (1)
77:24

raw (3)
48:8;136:5,7

reaction (1}
68:13

read (19}
84:24:80:8;103:3;
104;10;108:9;110:22,
116:20;117:5;122:17,
124:1,3;126:13;127:7,

10,18;128:10,12;141:8;
155:15

readily (2)
92:18;140:2

reading (2)
84:22;118:17

ready (2}
81:5;110:17

real (13)
12:4;21:13;27:10;
41:19;52:24,25:61:1,1;
110:9;132:6;137:16,20,
20

really (13)
21:19;29;13;49:6;
56:13;58:1,14,69:9;
73:12;84:16;94;11;
143:15;155:9,13

reason (2)
48:10;56:14

reasonably (1)
133:9

reeall (1}
84:4

received (2)
9:18;32:5

receptor (3)
150:8,9,14

receptors (1)
151:14

reciproeity (1)
11:14

reciting (1)
75:11

recognize (3)
9:5;15:21;34:24

record (30}
26:1;42:10,12,13;
62:1;66:9,11,12:76:10,
11;81:8,10,11;95:9;
110:12,14,15,17;120:15,
16,17;128:21,23,24;
130:25;141:5;148:2,4,5;
155:16

recoverable (1)
90:19

refer (4)
318:22;4019;97:7;
113:22

reference (47)
17:24;18:20025:13,15,
20;26:2;30112,18,19;
31:13,18,21;32:10,12;
33:6,7,7,8,17,17;34:1,2,
7,12,13,14,23,25;35:10,
17,20;36:2,10,23;37:2,
20;38:22,39:1,4,8;44:13,
22:46:7,16;54:20:67:2;
84:19

referenced (3)
27:24;32:11;125:23

references (8)
25:10;33:2,35:20;

37:2;101:17,19,20;131:8

referred (3)
75:20;92:4;152:24

referring (19)
64:13;68:17,18;71:1,
5,72:17:82:23:83:3;
88:16,10;98:3,4,5;
112;22,24;113:15,16,18,
21

refers (3)
53:25;65:22;127:3

refine (1)
50:21

reflect (1)
1151

reflux (1)
103:8

regard (11)
21:15:31:12;43:0;
68;9,77:5;87:19;111:24;
112:13;134:2;137:21;
142:5

regarding (5)
14:1;21:11;24:7,
27:20;72:17

registered (5)
11:9,11,12,14,15

registration (1}
11:13

relate (5)
24:10;34:3;40:5;
46:25;94:20

related (3)

10:25;24:5,137:20

relates (8)
38:20439:14;40:25;
43:23;72:20;113:24;
127:3;141:5

relation (1)
109:5

relationship (25)
16:23;17:23;19:25;
21:8,23,24,23:23;24:1,3;
38:20;39:12,21;40:5,14,
22:41:17,18;42:21,24;
43:1;45:14;76:25;
137:11,14(:8;147:5

relationships (10)
14:22,24;16:24,25;
20:22;22:10;24:23;
43:19;103:6;147:4

relative (4)
24:6;43:7:44:11;47:7

relatively (5)
39:23;40:4343:22;
59:2:141:23

release (1)
153:24

 relevancy (1)

151:8

relevant (5)
84:9:112:12,13,
126:21;139:2

relied (1)
34:10
rely (1)
32:13
relying (3)
61:3;98:18,20
remainder (1}
44:3
remaining (5)
2001:46:15:85:13;
88:8,21
remedial (1)
11:3
remediate (1)
11:4 -
remetnber (1)
123:22
remove (3)
80:12,23:129:1
removed (1)
153:8
repeat (3) '
95:21;124:2:129:11
rephrase (4)
91:8,10;132:1;150:25

report (40)

13:10;18:20;20:25;
25:10,13,16;27;24,24;
29:1;30:11,16;31:06;
32:12;34;7,18;35:16,19;
40:15;41:16;44:4,22,
45:23;46:17;48:5;00:21,
24;74:3;75.21,96:24;
97:13;98:5,6,7,107:24; -
113:22;123:22:130:16;
133:3;135:5,24 :

reported (8)
31:13;45:5;40:11,13;
08:11;143:6,8:152:16

reporter (2)
7:9,23

Reporting (2)
7:10;67:23

reporis (1}
66:1

represent (7)
7:13,60:5;85:2,14;
£8:8,22;125:1

representative (8)
67:6;129:22:131:20;
134:15;135:1,3,19;
152:20

represented (1)
17:3

represents (5)
16:9,13,15,16,17

reputable (1)
121:17

Request (1)
83:5

required (2)
103:8;155:22

requirement (1)

MinU-Seript®

Charles Fisher Court Reporting

503 East Mendenhzll, Bozeman MT 59715, (406) 587-9016

(170) publication - requirement



Edward L. Handi, P.I.

103:13
search (1)
57
residual (10)
19:18;24:9,10;85:12,
87:11;88:20;150:18,19,
21;151:5
residue (2)
88:7,20
resolved (1)
104:23
Resource (§) - .-
10:9,12,19:13:16;
26:18
respect (3)
47:18,78:24;114:7
respective (1)
113:25
respond (3)
50:1;51:11;103:23
response (5)
71:18:73:15,17,19;
146:7
responses (1}
50:3
rest{1)
42:18
restate (2)
81:3;130:1
result (2)
97:2;146:6
aléant (1)
50:23
resulted (2)
12:7,91:12
results (11)
14:3;61:2;74:6,15;
86:17,25;89:15,90:21;
93:20;95:8,11
resumé (3}
9:4,5,0
return (1)
50:2
reveal (1)
91:23
review (10)
13:19,20;70:12;82:13,
18;83:13;122:6;125:4,
16;147:24
reviewed (12)
13:25;25:19;31:12;
34:11:41:20;78:14,
96:24;120:11;128:18;
131:5;133:4;135:21
rich (1)
20016
ridunl (1)
8512
Right (49)
8:25:921;11:17,12:3;
9:4,22:2:23:10;26:8;
1:13;30:19,22,24;31:2;
32:10,21;35:25;37:13;

38:12;40:19;42:16,22,
23;46:9,10;48:16,20,22;
53:21;56:10;62:16;
66:18;70:11;74:17;
76:14;81:7;92:5;99:22;
101:7;102:4,22;104:12;
111:18;116:9,11;
119:20;126:3,13;143:2;
146:17

right-hand (6)
16:16;17:3;28:4,9;
32:25;78:24

rigorous (1)
47:17

ring (1)
83:1

Rivers (2)
7:18,20

Rob (1)
719

role (1)
82:3

room (2)
331711825

rotamers (1)
57:14

rotometers (2)
57:12,14

rotten (1)
55:17

rough (1)
71:9

roughly (1)
141:17

route (1}
80:8

rule (7)
93:8,20;,94:3,7;117.6;
118:6,20

rules (1)
118:3

run {3)
86;2,93:2,94:21

running (1}
13:1

S

safety (1)
11:6

saline (1)
145:6

salinity (3)
144:25;145:2,13

Salt (1)
3.8

saliing-out (1)
145:8

same (23)
16:22;27:9;34:1,9,15;
41:12;46:17;53:13;
54:22,22,74:15;75:20;
92:4,21:95:19;96:4;

105:1;122:23;123:2,3 4,
132:16;147:18

sand (3)
48:9:63:21;142:15

Sands (46)
7:4,16;8:25;11:18;
14:12,14,17;19:18,24;
20:1;21:18;22:2;24:10,
12;44:9,10;45:18,19;
46:2,5,7:47:13,15;57:24;
03:25;64:1,75:21;78:14;
79:6:84:10;85:1,8,17;
86:2,3:89:10,20;90:5;
91:24;95:20,96:5;
137:22,147:17,19;
151;5;153:25

sands' (2)
21:22,23

Sandy (1)
8:18

saturnated (2)
54:9,77:13

saturation (2)
80:20;81:3

saw (3)
56:21,63:24;066:16 -

saying (31)
50:4;87:23;89:19;
98:17;101:9,20;104:17;
107:9,10:108:10,14;
113:2;114:23;115:3,7,
14;118:2:122:85123:23;
128:4;132:11;136:15;
138:2,12;144:204
145:12;146:5,10,16;
154:20;155:1

seale (4)
20:8,69:7,11;70:10

sealed (4)
68:16,69:9,20;70:5

scanned (1)
128:19

schematieally (1)
39:13

Schwarzenbach (17)
54:14;56:7,65:21;
71:19,21;72:2,8,21:73:5;
74:16,77:1,2,6,18;
115:24,25;119:16

scienee (3)
9:15;121:21,21

scientific (1)
1227

Scratch (1)
12715

sereen (8)
99:24:100:1,2;102;14;
109:13;116:14;129:2,2

second (18)
30:13,17;31:7:34:22;
3711,4,42:6,8:60:5:67:9;
76:22:95:5,102:15;
111:6;127:16;128:16;

147:25;154:7
secondly {1)
65:3
SECRETARY (2)
3:4;7:22
sceps (1)
63:24
selected (1)
66:20
semanties (1)
109:10
semi-solids (1)
63:17
Sewmi-Volatile (7)
88:15;89:14,17:91:22;
92:15,21,25
sense (1)
56:14
sentence (12)
85:10,15,20;104:13,
110:7,23;111:6,7;
118:17;127:7,11,18
sentences (2)
103:4;127:12
separate (1)
106:6
separated (1)
19:14
separating (1)
579
separation (5)
19:15;57:8;58:20,
113:10;114:2
serjes (1)
113:4
set (2)
36:16;103:9
sets (4)
53:3,11;55:8;65:0
settings (1)
89:18
settle (2)
143:10,14
several (5)
10:6;31:11;70:17,17;
135:25
shale (2)
44:12,12
shape (3)
69:15,18,19
sheet (1)
32:16
shells (2)
117:2,12
short (1)
81:6
shortly (1)
154:18
show (19)
20:14324:4,29:9,14,
15:38:22;39:7,9;40:12;
56:13;64:18;09;14,73:8;
75:16;78:21,90:4,92:2,

15:93:5
shown {5)
41:12;77:2,3,4;,79:17
shows (17)
14:22,24,15:10;26:4;
32:16;39:13;40:24;
53:22;68:4,15,69:16;
70:4;79:3:89:23;91:24;
92:16;133:7
side (1)
109:23
sign (1)
155:15
SIGNATURE (1)
155:22
signifieant (14)
52:10:56:22,23;59:4,
18;03:16;04:23,24;65:1;
68:2,70:19;153:1,2,6
similar (5)
16:8;47:9:55:22,66:2;
77.16
Similarly (1)
73:2
simple (4)
27:14;:43:3;105:7.8
simplest (1)
105:2
simplifieations (2)
52:1,5
single {6}
37:8,61:3;125.8;
131:21:134:24,135:11
site (6)
13:9;26:3;95:13;
120:7;122:10;126:17
sites (3)
11:4:63:22:.79:17
situation (10}
55:8;103:17,25;104:5,
15;105:6;117:17,24;
119:18;149:3
situations (1)
117:20
sixth (2)
47:10:;48:10
sketch (1)
15:25
slight (1)
106:9
slightly (4)
71:22;73:2;,74:14;
118;17
slower (2)
141:23;144:9
slowly (1)
142:13
slurry (1)
79:23
small (4}
29:1,10;58:23,73:6
smell (2)
55:17;56:10

research - smell (171)

Charles I'isher Court Reporting
503 East Mendenhall, Bozeman MT 59715, (406) 587-9016

Tlige U-Sepipi®




Edward L, Hand], P.E.

sniff (1)
55:16

soaps (1)
58:12

solid (12)
53:16;63:7,17;64:5,8,
14,15,15,21;65:11;80:1,
2

solids (2)
46:16;80:18

solubllities (4)
27:20:47:22,48:25;
117:4

solubility (97)
24:23:25:23;26:5,6;
28:0,24;29:6;31:4,10,106;
33:1,3,10;35:13,18;
37:12;38:2:43:13:45:14,
16;52:23;53:9,15,19,20;
54:6,9,11,18;55:6;56:8,
0:,65:16;74:3;77:14,15,
19,22,23;83:23;84:3,6;
94:23:100:11,14;
105:19;106:1,9;107:18;
117:22;118:22;119:5,9,
12,13:123:6,16;124:8,
11;126:23;129:7;
130:12,15;131:17,23;
132:2.3,4,12,16,19,20,
23;133:1,5,6,8,16,17,18,
22:134:14,17,19,20,21;
135:17;145:7,10,13,16;
150:18,21;151:22,23;
152:12;153:17

soluble (6)
55:18;71:22,22:73:2:
111:17;118:18

solute (10)
103;15;104:6;108:3,7,
22,23;128:1,2;151:24;
152:1

solution (27)
24:24;28:13,14;51;18,
25:52:5,61:24:73.3;
76:6,21;95:18;96:3;
97:16,20,22;98:7,12,19;
101:3;108:8;118:16,18;
119:14,14,17;137:13;
138:5

solutions (20)
24:25:25:6,6:40:1,2;
51:15,22;54:16;99:2,11,
13,17;101:4;114:8,21,
22;119:19;145:20;
146:3,4

solvent (9)
54:8,10;55:2,25;58:3,
7,15;103:8;152:1

solvents (1)
86:1

sometimes (6)
12:17:112:19,20,22,
24,25

somewhat (4)
45:6;53:4,10:111:21

somewhere (1)
46:24

sorbent (1)
127:24

sorry (44)
33:13,16;34:14;37:8;
74:25;85:12;87:2,16,20;
88:4,21;89:21;90:3,16;
91:7,14;96:11;97:12;
98:2,99:3,4;105;22;
108:4;110:18,19;111:1;
112:6,24;114:24,;
118:24,122:16,19;
123:13;126:16;127:16;
129:13;130:1;132:25;
134:18;138:24:145:23;
154:9,15;155:11

sort (5)
23:19;55:15;74:22;
116:21;150:11

sorts (1)
61:19

source (27)
22:7:24:21;29:24;
30:3,5,7,22;31:3;32:23;
36:25;38:8,14;44:15;
84:11,86:7;87:11:88:9,
22:90:23;91:18,19:93:4,
9,15,22,94:4;154:22

sources (6)
33:19;36:14;44:13;
45:11:50:6;85:14

South (1)
3.7

spaced (1)
125:8

sparingly (1)
55:18

speak (3)
93:24;106:9;149:25
speaking (8)
35:2,60:22,23;106:17;
117:7,11;133:11;142:10
speaks (4)
60:21;88:24;96:25;
139:7
Special (4)
10:8,12,18;13:16
speciation (4)
87:15,17,19,21
specifie (23)
21:12;24:17,50:22;
51:5,5;55:4357:3;59:23,
60:5,9,9,61:14,14,16;
62:12;63;11;92:17;
136:21;137:21;147:6,
16;152:11,18
specifically (3)
39:11;65:23;127:3
specificity (1)
136:23

spoeifics (1)
51:2

spectrum (2)
113:8,15

spent (8)
46:15,75:21,140:7;
151:3;153:18,20,22,25

spin (1)
71:19

SrLp (1)
85:24

spoke (3)
74:13;109:2;135:18

spread (2)
142:4,15

spreading (1)
142:16

Spring (3)
7:4;149:4;153:15

Springs (1)
05:12

spun (1)
112

square (1)
61:25

stable (4)
103:12,19;104:1,16

stacked (1)
142:4

standard (2)
08:24,25

standpoint (2)
49:5:106:8

start (4)
10:18;17:14;27:21;
108:5

started (9)
9:23;10:1,2;11:3;
13:15;21:4,22:5,40:13;
133:5

starting (20)
13:14,42:23,50:19,25;
52:17;53:2,10,55:13;
59:20;67:4;75:4,17;
76:20;86:11;116:22;
128:11:133:0;134:5;
135:17;146:23

starts (10)
14:10;27:17;50:6,20;
51:4;96:1;128:15,16;
134:3,16

state (7)
8:11;9:14,16;18:10,
37:5:111:10;129:17

stated (7)
67:14;70:23;72:13;
107:25;113:17;129:20;
140:17

statement (22)
49:2:62:24,71:25;
72:1,8,21:84:24;85:5,7,
104:21,24;105:4;
111:11;116:21;117:16,

19:118:2,9;119:2,8;
123:25;124:3
statemonts (2)
71:20;77:5
states (7)
54:15,60:15,71:21;
73:11;127:21;152:8,9
steam (8)
58:22,23,24,24;138:19
steam-stripping (2)
138:20,24
step (1)
80:7
stepping (1)
55:14

still (8)
18:10;42:17,81:1,;
87:20;89:15;117:21;
143:12,22

stop (1)

937 -

straight (11)
39:24,40:3,4;43:22;
70:4;100:16,23;101:2,5,
24:146:18

stream (1)

138:23

striefly (1)
106:17

stripping (1)
58:22

strongly (2)
103:16;104:8
structural (1)
55:22
structure (1)
55:20
sub (5)
64:12,65:24,06:24;
67:5,20
sub-bullet (2)
30:18;31:8
snbscript (1)
64:15
subsidiary (1)
10:8
substantially (1)
153:4

subsurface (1)
151:13
sucking (1)
80:9
sugpested (2)
127:11,12
suite (2)
60:5;92:24
sum (2)
47:24;72:5
summaries (1)
96:21
summarvily (1)
78:21
swmmarize (2)

87:5;92:11

summarized (2)
27:6:87:1

summarizes (1)
86:17

summary (1)
T2:5

swinmed (1)
48:5

summer (2)
9:24;10:2

summing (1)
61:7

sums (1)
56:18

supplied (2)
71:15;78:15

support (2)
69:10;134:8

supports (3)
64:3;95:16,25

supposed (3)
01:23;113:11;126:24

suppress (7)
05:17;96:2;123:15;
124:11;138:1,7;139:23

Sure (15)
22:14,16;23:17;30:2,
38:24;56:20,66:6,74:23;
89:9;104:14;105;17;
116:7;129:6;133:19;
142:8

Surface (1)
144:11

surrogate (2)
51:5;75:13

swear (1)
7:24

sworn (2)
7:25;8:7

symposiun (1)
63:23

Synthetic (1)
85:24

system (47)
14:12,23;15:13;16:8,;
17:12,14;20:24;21: 14,
22:25;39:12,14,23;43:4;
50:21;57:19,19:63:10;
105:7,8,9,10:107:25;
108:1,6,11,15,19,21;
111:22:112:1;113:4,17,
19,25;114:1,6,8,11,17,
19,24,25;115:3,10,12;
127:4;137:21

systems (10)
12:6,11;43:20;51:13:
55:6356:5;99:4,6;105:3;
11i:3

YII

table (17)

Mis-Ua=Seript®

Charles Fisher Court Reporting
503 Jiast Mendenhall, Bozeman MT 59715, (406) 587-9016

* (172) sniff - table



Edward L. Handl, P.E,

65:20,66:1;67:2,7;
86:13,15,15,16;87:1,8,9;
21:14,17;152:25;154:13,
20;155:4

tables (1)
8%:5

talk (6)
16:11,24;89:3;104:12;
109:5,129:5

talked (4)
23:21;33:15;116:7;
148:9

talking (19)
33:14;41:24;42:17;
47:20,23;51:16,70:25,
72:3;108:1;109:15,21;
112:1;113:12,14;
128:13:135:9;137:16;
151:4,9

Tar (29)
7:4:52:19;53:17,20;
83:23;84:3,6;85:1;86:2;
89:10,20;90:5;91:24;
94:23;96:11,11,11;97:5;
103:18;105:6;120:7;
122:9;124:11;126:17,
23;144:13;145:1;
147:22;151:5

TCLP (3)
85;23;93:12,23
*echnology (4)

i 21:21,22;122:7,13
waling (2)
88:5:89:24

tells (2)
88:18;89:19

temp (1)
67:17

temperature (15)
53:17,67:10;119:1;
139:17,20,23:140:6,9,
14,16,17:141:5,6;
144:10;152:2

temperatures (6)
67:18,19;140:3,5,21,
25

template (1)
277

ten (10)
20:2:41:22:43:12;
45:21;47:2,10;48:6,9;
1146:10;141:17

tend (4)
138:15;141:22,145:7;
153:23 '

tendency (3)
139;24;152:4,6

tends (4)
105:19;143:9,10,13

terin (8)

'65120,24,67:10;99:22;

.08:25,25;111:22;113:3
terminology (1) )

150:9
terms (18)
14:19;17:12;19:9,18;
26125;27:14;28:13,14;
48:1;52:8,54:7,5612;
81:2;106:3;141:20;
143:6,14,15
ternary (46)
14:11,19,21;15:2,10,
12;16:5,6,7,9;17:1;19:7;
20:2,23:21;5,7:22:5,12,
23:23:22;27:18,19,22;
36:14,19,24;40;3,13,23;
41:17:42:25;43:4,9,
69:20;98:14,18;99:21;
108;1;111:19;114:3;
146:;16,16,17;147:4;
152:13,15
terpene (4)
14:15;15:4:57:6,8
terpenes (2)
57:18;58:25
test (39)
55:16,16,86:25;88:14,
18;89:3,19,23;90:3,4,17,
18:91:11,24;92:15,16,
19,21,24;93:1,2,12,14,
21,23:94:14,15,21;95:2,
5:131;12;138:19,20,22,
23,24:148:16,21:150:24
tested (3)
92:19;148:24:154:3
testified (2)
8:7:52:8
testily (1)
138:23
testifying (1)
121:5
testimony (53)
8:2:13:20;33:22;
49:21:52:12,18;53:14,
22;56:19,57:2;59:15,17,
21;61:6;63:3;66:17;
67:14;68:9,12,13,70:13,
16;72:4;73:20,21;75:6,9,
11;78:22,82:6,24;83:21;
84:5,19,21;86:23;91:1,5,
11,16;94:15;95:23,96:1,
10;97:11:98:4;100:20;
108:14,20;125:21,23;
137:5;148:9
testing (2)
101:13;132:8
tests (20)
86:11,17,25;87:06;
91:123;92:2,11;94:2,7,18;
95:9,12;96:19;97:3,3;
101:13,15;131:14;149:4,
8
textbook (5)
54:13,15:96:17;
115:23;122:20
theoretical (2)

117:13;150:22
theory (6)
52:2;:85:14;98:14;
134:8;148:16,22
therefore (5)
46;19;89;14;106:7;
134:6;153:9.
Thereupon (1)
155:19
thermodynamic (1)

thermodynamically (2
103:15;104:7 o
thesis (3)
57:4,7:139:1
thinking (1)
52:24
third (6)
29:3;30:17:41:22;
43:12;47:3,75:18
though (4)
68:11;133:20;136:2;
141:3 ‘
thousand (1)
135:14
thousands (3)
60:3;129:19;137:4
threat (2)
149:22:150:6
three (8)
14:14,23,25;16:12;
17:12;36:13,14;67:6
three-component (1)
14:12
threshold (2)
113:6;114:10

thrust (1)

ST
thumb (1)
1176
thus (1)
24:10
tie (3)
43:2,3.3
ties (1)
43:11
tightly (1)
59:11
times (11)
13:11,29:2;41,22;
43:12;45:21;47:2,10;
48:5,9:77:13;141:;17
titled (1)
83.5
Today (9)
7:6;8:23;32:12;
123:23;141:2;149:17;
151:4,9,155:10
together (4)
57:13;76:1;77:8;94:20
toolk (10}
14:8,9;21:3;26:24;
27:2;42:21,24;56:14;

96:18;123:5
tool (1)
26:3
top (10)
27:22;30:23;31:7;
07:23;68:3,4:,79:24;
80:1;121:25;122:2
topie (1)
129:6
total (7)
90:19;91:13,13;
127:14,22,129:25;130:4
toward (3)
45:7:61:16,150:5
towards (1)
66:17
to-wit (1)
2

toxicity (4)
58:6,0;61:18;85:22
trace (1)
16:20
traditional (1)
14:9
training (2)
11:7;101:11
transeript (3)
70:12,20:71:9
transfer (3)
95:18;96:2;103;10
transferring (2)
39:18:80:14
transition (1)
114:14
transport (6)
12:13;144:3;151:12;
153:10;155:3,6
transported (1)
154:25
treatise (1)
18:3
triangular (1)
16:13
tried (2)
50:17;56:15
tries (1)
51:6
trouble (1)
150:20

| TRPH (3)

92:4:153:3;155:5

true (3)
60:23;63:8;125:24

try (6)
50122;65:2;91:14,14,
99:5;127:17

trying (11)
21;22;49:12,62:25;
63:1;64:19;110:19;
134:25;140:22;146:21;
147:8,14

turn (10)
2313,5:33:25,84:17,

21:86:15;102:11;
104:25;109:18;115:22

Turning (5)
52:13:61:5,63:3;
76:20,22

turpentine (1)
5720

Twenty (2)
120:22,23

two (42)
15:3;17:1,2,11,19,21;
20:12;28:10,21;34:3;
42:25,43:18;49:11;55:5,
18;56:5;57:12;63:21;
67:21:69:8,8,16;75:10;
76:3;77:11,24;79:17;
94:20;100:17,21;103:12,
19;104:1,16;108:2,6,21;
114:3;138:8;142,9,
152:4,7

type (28)
11:25;12:9,10;13:8;
17:1:19:7,8:22:5;23:22;
24:24:25:11;27:9;39:12,
13,23,24;58:11,17;
107:25,25;108:6,11,14,
18,213111:3;113:8;
122:5

types (2)
12:1;79:16

typical (1)
13;17

typically (4)
51:25:79:22:145:6;
150:15

U

uc (1)
111:8
ultrafiliration (1)
127:15
Um-bnom (3)
31:9:59:9;60:12
unaware (1)
84:13
mnconventional (1)
63:23
under (7}
48:13;52:4;88:14;
101;15;102:12,24;103:3
underestimating (2)
134:14,20
understood (1)
2:;17
underway (2}
148:16,21
unique (1)
105:10
unit (3)
78:25;80:6,8
units (1)
79:17

tables - units (173)

Charles Fishier Court Reporting
503 East Mendenhall, Bozeman MT 59715, (406) 587-9016

bMin-El-Seripi®




Edward L. Handl, P.I.

University (4)
9:14,16;18:10,57:6

unlike (1)
56:3

unprocessed (2)
44:10;86:2

unsaturation (1)
56:3

unsubsiantiated (1)
72:12

up (41)
11;3;12:25;14:4;
23:18,19;25:14;36:10;
37:10;39:9:45:16,21;
47:9,25:48:19;50:8;
53:3,11;54:4,55:8;
56:13,18;63:15;65:0;
67:1,3;69:15;76:4,15;
77:14;79:3,99:21,23;
100:4;102:14;109:12;
130:5,11,22;131:6;
132:12;149:9

upon (1)
127:14

upper (%)
16:17;17:3;28:2,2;
30:6,8;35:7,8;42.6

use (20)
25:1147:6;51:18;
55:1:57:24,62:23;68:20;
74:4;78:20;79:6,14;
108:18;116:5;131:16,
21;135:2,19;150;10,16;
152:14

used (40)
18:6;19:22;21:16;
22:8,10524:20;28:21;
29:24;30:3,7;31:17;
36:3,9,10,24;37:11;
38:15;44:2;50:11;52:1;
55:24:58:9;62:5,8;63:9;
67:13;75:6;79:16;103:8;
108:2,7,21;131:19;
132:4,4,16,17,19;
135:23;138:25

useful (1)
14:20

user (1)
150:12

uses (B)
52:9;54:13,60:24;
64:13;65:20;67:2;,77:17;
133:18

using (13)
14:13;24:23:45:13;
46:12:47:5;58:12;67:11;
75:15,15,23;85:22,86:1;
134:21

usually (4)
93:1;143:6,8;150:10

Htal (5)
3:8,7:3:8:18;63:22,23

utilization (1)

14:11
atilize (2)
18:14;75:19
utilized (2)
3724:74:1
utilizes (1)
150:12
utilizing (4)
32:8;73:25;74:15;
7720

Vv

vacuum (4)
79:18,23;80:10,11

valid (1)
25:11

validated (1)
12:24

validity (2)
49:;19;60:1

valuable (1)
14:17

value (25)
30:9,23;31:15;32:7,7,
15;35:11,14;45:12;47:5,
10,25;60:1:65:19;66:1,1,
19,22167:4,5,20;133:9,
11;148:12;149:25

values (16)
28:25;31:12,14:35:14;
36:9;37:1,25;38:9,18;
42:19;50:8;60:25;70:6;
75:20;87:15;152:19

vapor (18)
59:4,5;64:6;73:11;
135:12,106,20;141:9,11,
20,142:18,25;143:4,5,5,
23;144:6,18

variable (2)
111:22;113:2

variety (1)
122:5

various (6)
27:21;36:7;58:22;
64:7:92:22:152:17

vary (1)
139:18

vastly (1)
78:2

velocity (1)
142;21

Vernal (1}
63:22

versus (1)
499

vessels (1)
3911

video (3)
7:1,1,9

VIDEOGRAPHER (19
3:10;42;10,13;66:9,
12;76:9,11;81:8,11;

110:12,15;120:12,14,17;
128:21,24;148:2,5;
155:16
view (3)
50:21;52:9;,57:23
viewed (2)
60:18;96:22
virgin (7)
21:18,22:44:9:46:2;
95:20:96:5;147:17
visited (1)
63:22
vital (1)
103:6
volatile (10)
59:2,3;88:15,89:13,
16;91:22;92:14,16,19,25
volatility (3)
58:19;92:23;139:7
volatilize (1)
5821
volume (2)
117:1,18

W

wait (3)
37:1;148:15,21

walk (3)
41:10;42:18;74:22

Wallier (64)
T:17,17,81:15:82:24;
83:8,86:21;87:2.4;
90:11,13;91:2;92:13;
94:13;100:3;102:3,5,10,
16,22,23;103:2;106:19;
110:7,11,19,21,25;
111;2;115:25;116:7,16;
117:15;120:5,19,23;
121:1,4,9,12,15,16;
123:1;125:11,18,24;
126:1,6,9,12;127:5,20;
128:9;129:4,13,16;
130:14;131:4;148:7;
149:12;154:8,12,19;
155:8,13

washed (2)
19:19:147:16

washing (1)
147:18

waste (4)
10:10;11:8;85:8,18

Water (121)
7:3;14:14;16:8,15;
19:23;20:2:21:9,23,24;
22:24:23:24:24:11;
27:25;28:5,6,24;29:7;
31:4,10,15;32:7,16:33:1,
10;35:13,18;37:12;38:3;
40:7:41:21,25;43:13,17;
44:9:45:18:47:14,15;
48:7:53:17:54:17,59:1;
61:8;62:7,76:24:80:24,

81:24,83:24;84:3,7;
85:3,13;88:7,21;94:23;
95:20;96:4,12;100:11,
14;104:19;105;12,20,25;
106:1,6,10,21,23;107:2,
8,10,11,18,21,21;109:6,
8,9;111:15,25:112:15,
16;114:21;115:8,9,16;
118:4,10,13,24,24;
119:5,9,12,13:123:16;
124:11;126:23;127:4;
129:8;133:22;136:7,11,
16,19,25;141:16,17,20,
23;144:25:145:1,13,14,
17:147:7,17;150:4,11,
12;153:16

water-rich (8)
17:5,18;19:13;40:8,9;
41:2,21;43:25

water-terpene (1)
59:1

way (18)
23:3,5,11;49:8;52:4;
72:11;75:2;86:4;88:25;
103:16;104:8;109:20;
115:19;131:9;139:19;
144:16:145:5;152;9

website (5)
32:5:33:18,20;36:6,6

week (2)
116:2,3

weight (5)
45:7:46:18,20;75:22,
23

weighted (1)
130:20

woights (1)
76:4

weren't (1)
98:18

what's (18}
15:20:18:18;22:20;
24:21;32:2;35:25,37:20;
40:19;58:18;68:13;72:3;
78:11;100:23;115:23;
118:22:137:13;146:15;
152:23

whereas (2)
17:9;61:3

Whereupon (17)
7:25,8:1,20:15:17,
18:15;22:17:26:13;
31:24;34:19;35:22;
316:17;37:16:40:16;
44;18;74:7;78:8;120:8

Whitehall (1)
8:14

whole (3)
23:11;80:21;88:4

William (1)
3:12

wind (4}
142:22,23;144:4,8

within (3)
72.:8:152:5,20

without (1)
130:8

witness (35)
7:24,25,8:6:25:19,
34:11;41;20:83:2:806:19;
90:10,12;92:7,9;:94:11;
106:16;110:3,105116:10,
13,19;117:11;120:10;
122:23;125:7,12,16;
126:24;127:2,128:8,18;
129:12,14;131:2;133:4;
135:21;154:17

witness's (2)
86:23;125:20

wonder (1)
38:21

wondering (6)
88:18;103:17,22;
122:12,16,19

wonderment (1)
103:23

word (1)
105:16

words (1)
63:1

work (36)
8:24;10:5,8,23,24;
11:7,18,21,22,24;12:3,7,
8,9,10,16;13:3;14:1,1;
26:24;27:11;36:3;,52:15,
16360:21;62;19;64:19;
75:21;78:15,83:11;
101:15;138:22;139:1;
148:9:150:16;155:10

worked (7}
9:25:10:1,3,17,25;
11:1;57:6

working (2)
10:10;57:16

works (1)
13;22

world (6)
52:25;61:1;132:6;
137:17,20,20

world-based (1)
27:10

wQ (1)
7.3

written (1)
101:20
wrong (1)
108:4
wwwepagov (1)
33:19
wwwinchemorg (2}
33:9:36:6
wwwsciencemagorg (1)
36:25
WZ. (1)
111:9

Mig-U-Seripi®

Charles Fisher Conrt Reporting
503 East Mendenhall, Bozeman MT 59715, (406) 587-9016

(174) University - WZ




Edward L, Handl, P.E.

Y

year (3)
63:22;82:8,9
years (3)
10:4;18:6,7
yield (1)
40:4

Z

zero (2)
©4314;,116:17
zoom (5) )
69:4,6;79:2;102:20;
©109:25
zoomed (1)
74:24

year - zoomed (175)

Charles Fisher Court Reporting
503 East Mendenhall, Bozeman MY 59715, (406) 587-9016

Min-U-BoripHl




	dsadmin@hollandhart.com_20120509_180524
	dsadmin@hollandhart.com_20120509_180546
	dsadmin@hollandhart.com_20120509_180613
	dsadmin@hollandhart.com_20120509_180626

