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2 CHAIRMAN FARMAKIDES: We will begin. +

3 May we have the same panel back on the witness

4 stand?

5 Whereupon,
.

6 JOHN S. RODGERS, WILLIAM J. SHELLEY, H. K.

7 VAN POOLLEN, AND H. J. GRUY

8 resumed the stand and, having been previously duly sworn,

9 were examined and testified further as follows:

10 CHAIRMAN FARMAKIDES: Mr. Kinsey, I think you were

11 interrogating yesterday. I think you said you had one last
i

12 question that you might or might not pose.

() 13 You may proceed, sir?

h

14 j MR. KINSEY: May i expand on my one question, sir?
'!

~XXXXXX 15 h CROSS-EXAMINATION (Continued)
h
p

161| MR. KINSEY: Mr. Shelley, getting back to your
h
'

17 |t typical analysis, Figure 1, I believe you indicated yesterday
?

18! that 340 times 10-8 microcuries is' the average or a typical

19 concentration in the waste stream.

20 With an application granted, what limit, what

21 upper limit, would you propose on radium concentration in the

22 raffinate stream, assuming there was the need for some

23 standard?

24 MR. SHELLEY: We believe that we ought to adhere
Ac rederal R porters, ine.|

25| to the 2,100 because of the factors I explained or described

! -

'

;
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1 yesterday in the absence of some standard in a relation that
i

2 might be proposed in the future. This is not being released

3 to unrestricted-use, or we start with that presumption, and

,' 4 in feel we ought to hold to the higher limit.
'

i

5 MR. KINSEY: In other words, you would set the 2.1
4

| 6 times 10-5 as the upper limit above which the radium con-
!

l

) 7 centration would not go?
;

8 MR. SHELLEY: Based upon what I know now. ',

!

9 MR. KINSEY: In the 1972 application, as I recall

10 the word " storage" is used as opposed to disposal; am I

11 correct?

12 MR. SHELLEY: I believe so.
i

() 13 i MR. KTNSEY; Does the word "ctorage" to you
i I

. -

! 14 connote retrievability?
,

!

| 15 MR. SHELLEY: It certainly suggest it. Yes, I
t i

,

16 would say that it certainly suggests it.
i

17 MR. KINSEY: Do you at any time envision retrieving?

18 MR. SHELLEY: In the absence of a demonstrated
.

,
. .

! 19 accident, no.
; i
f

j 20 MR. KINSEY: In the event of a demonstrated
4

21 accident, how would you propose to retrieve the waste water3

:

22 already injected?
,

-

23 MR. SHELLEY: As the geologists have suggested, we

j 24 would backflow the well until the loss of fluid stopped.
Are Federol Reporters, Inc

25 DR. BABCOCK: What'do you mean by " backflow"? I-

N
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1 MR. SHELLEY: If I und'erstand their terminology

2 correctly, sir, they merely take the pressure off the well,

3 the pressure that has developed, change the connections on the
O
\'l 4 pumps and remove the fluid until loss of fluid from the

5 reservoir ceases.

6 DR. BABCOCK: The pressure where?-

7 MR. SHELLEY: At the wellhead.

8 DR. BABCOCK: You are taking the pressure at the

9 surface?

10 MR. SHELLEY: Right.

11 DR. BABCOCK: And letting it flow out to the

12 surface?
I
l

13 . MR. SHELLEY: Right, back into the pumping system
n

14jwhichyouhavereversed.
j'

15 j DR. BABCOCK: The normal water level is not now at
'i

16 |thesurface?
17 MR. SHELLEY: That is true.

!
18' DR. BABCOCK: Therefore you would not be taking

.

19 the pressure completely off.

20 MR. SHELLEY: You would not be taking the pressure

21 completely off unless you pumped it down.

22 DR. BABCOCK: .Right.

23 MR. SHELLEY: Which I understand you could, and it

24 may be necessary. At least you would remove fluid until the
Ace Fedvol Reporters, Inc,

25 j indicated loss of fluid from the reservoir ceased.
P
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I MR. VAN POOLLEN: To me the term " backflow" is not

2 limited to just merely taking off pressure at the surface.

3
_

It just means you reverse the flow, tai it out.

( \
# DR. BABCOCK: As distinguished from putting a second

5 well in a mile away and pumping a fluid into that second well

6 and washing it out? That is not what you are talking about

7 by " backflow"?

8 MR. VAN POOLLEN: Backflow as we use the term in

9 the petroleum business on our water injection, where we inject

10 water for a certain length of time and then we say let's

II backflow the well for a whi..e to cican it out.

I2 MR. KINSEY: Mr. Shelley, along this line of
I

O '3" eueetionine fee 1 free to coneu1e env ether membere of the
|

I4hpanelasnecessary.
||

15 Would you envision any instance where it would

16 require a pumping out of the entire amount which had been

I7 injected?

IO MR. SIIELLEY: As you know, I am not -- I have no
_

I9 experience with reservoir engineering. I have never heard of

20 an instance requiring that measure of retrieval.

2I CllAIRMAN FARMAKIDES: Excuse me, Mr. Shelley.

22q Anyone on the panel can answerethe question.
C/

23 MR. VAN POOLLEN: Could the question be restated,

24
Ate-Fedtrol Reporters, Inc. | please?

25
1 MR. KINSEY: Can you envision any instance where

|
!

|
i
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1 it would be necessary to pump out everything that had been

2 pumped down?

3 MR. VAN POOLLEN: No, I cannot envision that.

I)
\' 4 MR. RODGERS: No.

5 MR. KINSEY: Would it be possible to bring back up

6 everything that had gone down?

7 MR. GRUY: It would be possible to get a large

8 part of it but it wouldn't be possible to get absolutely all

9 of it because some of it is mixed. Some of it wets the sand

10 grains and if you wanted to go to the expense, you could

11 produce a lot of the Arbuckle water that was partially

12 diluted with it but you could never get the last trace of it.

(]} 13 MR. KTNSEY: In other wordc, te get all of it you
I

14 would have to pump out a lot more than you put down.
I

15 MR. GRUY: Right.

16 | DR. BABCOCK: Could I interrupt just one second?
'I
l

17 Let's suppose that you pumped out as large a volume of water

18 as you pumped in. What would be your expectation as to
.

19 recovery of the material of the salts that you put in?

20 MR. GRUY: 85 percent?

21 DR. BABCOCK: Thank you.

22 MR. S!!ELLEY : May I add something there, sir. When
V( 3

23 you say "the salts you put in," as I stated yesterday, the
24 uranium and thorium is going to precipitate with the neutrali-

Ate fedarol Reporters, Inc.

25 q zation or the acid solution. 'From what I understand of the
!i

s!i
a
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I mechanism of this precipitation in that media, I would not

2 expect to get any of the uranium or thorium back.

3 MR. VAN POOLLEN: My answer circumvented that

O 4 sues = ion. 1 was suet eesumine thee it wee e11 the seme. 1f

5 there has been a reaction and some has grouped out, of course,

6 you wouldn't get that.

7 DR. BABCCCK: I thank you for your addition, Mr.

8 Shelley. It is very helpful.

9 CHAIRMAN FARMAKIDES: Mr. Shelley, I am not clear

10 on this. Your supplement to Mr. Gruy's answer to Dr. Babcock's

11 question -- I think you stated there would be precipitation.

12 I assume from what you said that the precipitation would

13 occur in the well.

14f MR. SHELLEY: Yes, sir.
|

15 CIIAIRMAN FARMAKIDES : Why in the well?
i

6 | MR. GRUY: In the formation.
.I

17 CHAIRMAN FARMAKIDES: Why in the formation?
||

18 ! MR. SIIELLEY: The mechanism is that it is now
'

19 i dissolved because of the highly acidic state of the raffinate
!
i

20' as produced. The acid concentration is approximately 1 molar.

21 A 1 molar concentration is a pli at zero, which is a stronger

22 acid than most folks are exposed to, ever.

23 CIIAIRMAN FARMAKIDES: What causes the precipitation?

24 i MR. SHELLEY: When that degree of acid hits the
Ace-Fedwol Reporters, Inc. f

25hdolomiteintheformationrock,itwillproduceamixture
?

I

!!
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1 probably of calcium nitrate and calcium' bicarbonate.
2 CHAIRMAN PARMAKIDES: It is the reaction to the

:

3 dolomite?

4 MR. SHELLEY: Right. That removes the acid thus

Permitting uranium and thorium to precipitate probably as5

6 hydrous oxide.

7 CHAIRMAN FARMAKIDES: Excuse me, Mr. Kincey.
8 MR. KINSEY: Mr. Shelley, in the event your appli-

cation is. granted for deep well disposal, what would you intend9

10 to do with raffinate retention ponds which are presently
11 in place?

12 MR. SHELLEY: As I say in the monitoring rection() 13
in my written testimony, following the advice of Mr. Gruy andt

14 f Dr. van Poollen, we would use about 3 million gallons of the!

I
151

I neutralized raffinate'to confirm the reservoir' limits.
16

As you know, we have been using some waste -- some
i

17 | available heat to warm the raffinate ponds and secure a
18 degree ..f evaporation. In addition, we are installing a
19| submerged combustion burner for the purpose of evaporation.

k
20 1

Now, you add this all together and assume that these
21

five sequences are done, let's say, arbitrarily next appear.
(]) 22 At that point you have pro' ably got -- oh, at mostb

2 to 5

million gallons left in those raffinato ponds.23
You would

24 stop adding because you are now using the well for the acidFederal Reporters, Inc.

25 L raffinate.t

'

3
.

l



< ,
I :

226j ty 8

1
What we do -- I would have to suppose a specific

2 condition of each pond. Is it uniformly distributed? Is

3 one pond down lower than the other so that the solid that
()

4 has precipitated is available and drying? Is next spring

5 going to be as wet as this spring was in Oklahoma?

6 At some point we would permit this material in the

7 Pond -- it is essentially some fluid and a lot of precipitate

8 and there is some sand in there and some calcium precipitates.

9 We would deliberately take it to dryness in some manner

10 and remove -- well, when I say "to dryness," it is not going

11 to dryness. It is going to be a wet cake and we would

I 12 remove it and examine it for radionuclides and if possible,

1 i,

(-) 13 bury it en the site. If not, oither arrange for commercial
;

I if

14j burial or return it to our mill tor addition -- for rework
:

!15 ; and eventually recycle back to use, probably,
b

| 16 h MR. KIUSEY: Would'you,then,say, fill in the ponds?
il

17 MR. SIIELLEY: No, sir.

18 MR. KINSEY: The ponds'would still be in place?

| 19 MR. SilELLEY: Yes, sir. In the event that something

Y~
,

l 20' stalled out on the well, we could always go back to using

21 the ponds.
.

22 liR. KINSEY: In your own estimate, what is the()
23 expected plant longest for the Sequoyah facility?

24| MR. Si!ELLEY : I answer to that question, in the
i Ace-Federal Reporters. Inc.

25{
cnvironmental report uc put in 30 years, to the year 2000.

,

I,

li
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I It is problematical. The plant itself can operate longer.

2 It depends upon the market and the availability and the need,

3 I think.

J
4 MR. KINSEY: llow long do you propose to monitor in

5 the manner set forth in your testimony?

6 MR. SIIELLEY: I don't think we have covered that

7 with these gentlemen here.

8 MR. GRUY: You would have to monitor as long as

9 you inject it.

10 !!R. KINSEY: Not after?

II MR. GRUY: If you quit injecting, you would still

12 monitor, yes.

.U
I8 MR. KINSEY: Are we talking o'uvuL iaonitoring the

Id well for the half life of the radium 226, which is 1,600 years?
!

15 MR. GR Y: I don't think so. I think you would

16|
want to monitor for several years after you quit injecting

I7|to periodically test what your pressure con'dition is in your
1

18 ' reservo.ir and inspect the surface.

19 MR. KINSEY: Is there any way with certainty that

20 you could walk away from the well in 40 or 45 years and be

21 assured that there might not be' a later escape in 200 or 300

'A 22 years?O
23 MR. GRUY: Certainly you can walk away from the pits

! and be sure in 200 or 300 years it wouldn't be somewhere,24
Ace-Federal Reporters, Inc.

25 either -- there is no way you could do that.

a
s

li
. _ - -_
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1 CilAIRMAN FARMAKIDES: Nhy is that in view of the

fact you are going to precipitate out most of the radionuclide?2

3 MR. SIIELLEY: We are only precipitating the uranium
U-s

4 and thorium, not the radium.

5 MR. KINSEY: I would like an answer to my earlier

6 question, Mr. Gruy.

7 MR. GRUY: I realize I answered your question

8 indirectly. This has been -- this area is no doubt not within

the circulatory pattern of the groundwater with this high9

10 salinity. It is 50 miles updip in this formation before it

or more. Then from here it goes down-
11 i comes to the surface,

i
l

12 dip and it docan't come to the surface until up in the

( 13 arcuckle Mountains. Tnis arca in currounded by f aults anr1
F

14qwethinP.thatwehaveprovedandwillcontinuetoprovewith ,

i|
15 g' the monitoring tha't it is isolated there.

i,
I don't think there is any way for it to get out

16j
I

17 g except that the pressure be built up in there high enough to
,

18 rupturejit. By monitoring while you are injecting and after

you quit injecting, you could assure yourself that you19

20 haven't ruptured that tank. I think it would be safer than

End #1 21 it would be anyplace else in the world.

22
-

,

23

24
Ace-Federal Reporters, Inc.

25 'k
4

i: '
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MR. KINSEY: Mr. Shelley, does Korr-McGeo own all1 mil y

the proposed disposal formation, or have control of all the
2

acreage which is over the proposed disposal formation?
3

MR. SIIELLEY : It has control over the aerial extent
4

For instance,
to which we expect the raffinate to progress.

5

to the north boundary and to the cast onc and well out toward
6

We do not own the land er the entire faultthe west one.7

block.8

MR. KINSEY: Such that another company could come
9

in and drill a well and conceivably inject something into a
10

11 hole?

MR. SIIELLEY: Yes, sir,
12

i

MR. KTNSEY: Could this not conceivably 1;uild up
13

!!

14 ] Pressure within the formation, addiLional pressure?
!

MR. GRUY: If somebody injected into the ground
15

!!
16 |

in this fault block, it would build up additional pressure.
i

17 | Of course, we would object very strongly if somebody asked for
! a permit to inject into this fau'lt block.18

| MR. KINSEY: Supposing they were given a permit
19

i
20|

and allowed to inject. What offect could that possibly have

on the waste water in the Kerr-McGee?21 .

MR. GRUY: Well, it would build up the pressure mor t

22

i rapidly than this injection would build it up and it would23 ,

force the waste water injected in the Kerr-McGee well back
24

Ace Federat Reporten, l>e ?

25|
from the -- there would be an interference f rom the two

n -

4
!'
d

-. --- - , _. . __ _ _ _ _ _ _ _ _ _ _ .
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2 mil 1 injection points and it would hold the progress of that front

2 back along the side toward the well.

3 MR. KINSEY: Could that increase in pressure lead tc

a possible significant build-up such that it might rupture4

5 or fracture that fault?

6 MR. GRUY: It would be directly proportional to the

7 amount injected.

8 MR. KINSEY: In other words, you are saying if

9 additional pressure were built up through some other source,

10 conceivably a fault could be fractured within that bloch?

II MR. GRUY: Conceivably it could be fractured if

12 pressure was built up from any source. Another well would

13|f certainly increase the rate at wisicle the pressurc .;ould bci
I
!

14 built up and increase the danger, there is no question about
il

15 |1
that.

|
i

16 MR. KINSEY: I just have, I think, one more series

17 of questions. On page 4 of your testimony, the first full

18 paragraph, the first sentence. I think you have indicated

19I before -- you state that initially a program to confirm the
|

20 model would be conducted. Then on pago 5 you say -- which is ihe

21 last sentence in the incomplete paragraph on the top of the

O 2 gage __ in the vicinity of significane mismatch of ectua1 and

23 model predictions additional consultation would be arranged

24 to involve the ongoing program." At this point if such a
AceFederal Reporters, Inc.,

25{ mismatch occurred, would you cease pumping operations?
Il

0
il
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3 mil 1 MR. SIIELLEY: I would" expect so. That would

2 depend upon the type of mismatch.
-

3 MR. KINSEY: What would you do in the event that the*

initial testing program was completely mismatched to'the4

5 model, in the event such an occurrence happened?

6 MR. SliELLEY: We don't even believe that is within

7 the realm of credibility. If our understanding of what those

thistwo people can do with this.information is correct,8

sequence of injections will meet their need for additional9

10 information to build a model that fits the reservoir exactly,

11 more exactly. Then when we switch to the acid injection,

said yesterday, you are going to change that reservoir.i

12 as I

13 MR. nINS::Y: Cou' <' ""-h confirma ti on of the model
,

!!
be had without injection of raffinate? What I am saying is,

14 0|1.couldn't you inject a substitute for the raffinato and get a15 "i

16 clear confirmation on the model?
Il MR. SIIELLEY: As you know, the proposal to inject

17 g
H

pond raffinato is almost -- we are cleaning up the formation18

We are diluting the radium concentration in the forma-19s water.

20 tion. Of course, you could use straight water, river water.

21 I suppose you could use oil.

O 22 MR. van rOotLEn: It,would be the same.

23 MR. KINSEY: One final question, again going back

to the upper limit which we discussed for the typical radium24
Acefederal Repcrters, int q

25 {{ concentration, which would be 2.1 times 10 to the minus 5.
t

9
I
o
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4 mil I In light of the upper limit and in light of, I think, you

2 believe that a conservative approach need be taken here, would

3 you not consider Dr. Sternhagen's analysis of the dilution
'

4 in either the Arkansas or the Illinois River? Do you not

5 believe that should be based on an upper limit as opposed

6 to the typical other limit if a conservative approach were to

7 be used?

8 MR. SIIELLEY: I hadn't given that any thought.
.

9 I would expect to monitor it. I think the upper limit would
:

10 be restricted to a situation that I do not now foresee. As I

II am sure you know, the future pattern of the source of feed
.

12 materials for a conversion plant is completely onc of crystal

O 13|d ball gazing.
!

Lhe AUCSooner or later, people inform us --

|l

14h has made studies. At some point, we are going to have to import

15 d uranium. The quality of milling carried on in Australia or
t

16 South Africa or other places is problemmatical. From what

4
17 i we have seen of domestic mills and the mills in Canada, we

18 will never approach that upper limit. I do not know how to

i
-

19| answer your question.
'

20 MR. KINSEY: I think you have answered it

21 sufficiently. ,

22 Mr. Chairman, I have no further questions.

23 CIIAIRMAN FARMAKIDES: Thank you, Mr. Kinsey.

24 Dr. Babcock has a saries of questions.
Acelederal Reporters, Inc.

DR. BABCOCK: Mr. Gruy, I would like to go over witb25|
Ei

!!
ii

-
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Smil 1 you the mechanism whereby you concluded that there were no

2 leakage -- that there was no leakage through the various boun-
.

daries that you described. I am not interested in great
3

(
4 detail. Would you please give the major steps along the line'

5 by which you reached that conclusion.

6 MR. GRUY: As you know, we built a mathematical modc l

I

of this reservoir with properties assigned to each tiny block7

8 over the thing with impermeable blocks put at various,

9 distances --'

10 DR. BABCOCK: This was your first assumption, that

11 the blocks were impermeable?
!

! 12, MR. GRUY: At a certain position. Then'after

i

'O i3c d=e===i=1=a the ec=itic= of these 1-re -~bw >>,ecks taet most
!!

14 nearly matched the conditions that we had observed, the inflow ,

d
15 i and the back flow and the fall-off in pressure, we then

h
t

16 assigned those limiting blocks for permeability and found !
'

)
17 that when we assigned them permeability we didn't got as good

n

b a match. Now, with .01 of a thousandth of a darcy, we got a18

19 [
pretty close match. When we came to .1 of a thousandth of

a darcy, there was a significant difference in the pressure.
20| |

21 That is the basis on which we say that these boundaries are

22 not only impediments, but they .are scals.'

({}
23 DR. BABCOCK: And I believe that you showed in your

24 graph that the points that you calculated after you had
AceFederol Reporters, Inc.h

d
assumed a porosity always fe'll below the points that you were2SE4

:
i

b
11
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6 mil I calculating when you assumed no' leakage?

2 MR. GRUY: Yes, sir.

3 DR. BABCOCK: Is that not an inevitable result?

4 MR. GRUY: Yes, because if there is leakage off,the

5 pressure has to be low.

6 DR. BABCOCK: Now, then, let's leave that model and

7 see if we can construct another route that you could have

gone. As I understand your model, you went down the route of8

9 first assuming no leakage. Then you introduced leakage as a

10 calculated parameter and found you got a poor fit?

II MR. GRUY: Yes, sir.

I
I2 DR. BABCOCK: Let's go the other way around. Let'sj

13 tirst assume that the boundary has a leakage. You then 9el

I4h your best fit by moving the boundaries to a new -- to wherever
h
li

15 j they arc. Then having gotten the best fit, you could have

16 then assumed, I believe, that the boundarios had no leakage

I7 and gotten an answer in the opposite direction and would then
1

18 cither have proved or disproved that there had been a leakage.

1
I9 6 Did you do the alternato route?

!
20 MR. GRUY: We did not.

2I DR. BABCOCK: Would that have been an acceptable

22 route to go down?

23 MR. GRUY: Well, we -- the truth of the matter is

24 that faults are nearly always scaling. They are not always
Ace Federal Peporters. Inc. ;

25 d sealing and you can't assume that they are. But most, or a lar ge
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7 mil I part, of the oil field traps that we work with are fault

2 traps and have faults. these faults are scalers to gas, gas

3 being, of course, more fugacious. So I think the mere fact

4 that we are showing the kind of defects we are showing in the

5 curve that we presented, or a change in flow shows that there

6 is not flow through that. Now, I can see your point, but that

7 is not the way that we operate because of the fact that the
<

8 faults are most generally sealing.
i

9 DR. BABCOCK: I accept your answer that that is not

10 the way you went. Would it have been an acceptable way to get

11 the answer, whether there was leakage or not leakage?

|

! MR. GRUY: I never have tried it that way. I don't
12 ;d

( 13 know what probluies we would run into.
J

14 [ DR. BABCOCK: Mr. Rodgers?

0
15,i MR. RODGERS: I might be able to offer something thc t

i'

16h is helpful in regard to the approach of determining boundaries
i
t

i

17 j and determining wh. ether the boundaries were leaking or not in
h
h . .

18 g regard to your question. That is this. The sequence of
,

19 ovents are interrelated. That is to say, the radioactive tracc r

!20 survey data were conducted and this gives our first key or

21 clue in regard to the counterflow that is mentioned in our
i

() 22 testimony as to an abnormal pressuring of the lower layer.

23 Now, this indicated to us that this was layer five and it is a

24l limited layer, because of the counterflow evidence. Then in
Ace Federal Reporters, Inc.

25] the sequence of events we next started examining our early timo

n
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8 mil 1 pressure data as we show on Exhibit G-5 and trying to
~

2 detect evidence of the nearest impediment reflection which wou d

3 have to occur through the most permeable layer, number five,

4 then at that point this was our fulcrum point or our anchor po nt |

5 in pursuing the model analyses in regard to boundary descrip-

6 tion. In other words, this gave us our first boundary to

7 anchor on, which is the nearest boundary in layer number five,

3 and then we proceeded from that point to add additional no-flov

9 or impervious boundaries in layer five and then accordingly

10 in the other layers.

11 The logic of the solution to the problem was such

12 that we did consider the impervious condition in order to matcl ,

13 in with what we saw in the counterflow data on rauluaci.lve
!!

14 tracer surveys.
|

h

15 ji CIIAIRMAN FARMAKIDES: What you just said, sir, woult n't
N

16 that just as well have supported the question posed by Dr.

17 || Babcock, that your first assumption could have been that you
!

i i

18 J assumed there was leakage rather than assuming there was no |

19 leakage? What you just said, Mr. Rodgers, I think would

20 support that.

21 MR. VAN POOLLEN: Yes, because he moves the bounda-

O 22 ries bacx in. So you started off hy having 1eexage in ene 1ey<r.

23 Cl! AIRMAN FAIO!AKIDES: That's right.

24 MR. VAN POOLLEN: So you brought it back?
Ace-Federal Reporters, Inc, ,

25 MR. RODGERS: Yes.
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*

9 mil 1 CIIAIRMAN FARMAKIDES: Excuse me, Dr. Babcock.

2 DR. BABCOCK: Go ahead. It makes no difference'.

- 3 MR. GRUY: Actually to some extent we did what hc

4 says.

5 MR. VAN POOLLEN: That is what we did.

6 MR. RODGERS: That's right. I understand your

7 point. That's correct. I was thinking more in terms of the

8 layer number five, which is very small and limited in area as

9 indicated.

10 MR. GRUY: First we assumed they were all leaking

11 and then wo moved the boundaries in.

12 DR. BABCOCK: Could we now turn to Exhibit A, Mr.

( 13 Gruy's report of May 1, 1972, I would like to speak with

!

14 [d
reference to Figure 14. I will consider in this next ques-

15 tion only the points which are labeled "X," which are the

16 calculated best fit for impermeable boundary. I will

:

17 h also speak about the points that are labeled with triangles
0

181 and are the calculated cast boundary with a leakage that is
,

19 related to the number 0.1. A little while ago we established

20 that the triangle fits, which are the points related to leak-

21 ago, of necessity must always be below the "X" fixes and we

() 22 find that they are always related. Isn't the inevitable

23 result that we automatically get a poorer fit to the measured

|
24 data by that.nethod?

Actfederal Reporters, Inc |j

25{ MR. GRUY: That's right.

!
i'
l

, d
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10 mil I DR. BABCOCK: Now, then, how can we say it is not

2 the logic of your argument that inevitably, the way you

3 calculated it, you are going to get zero leakage. That was

the assumption you started out with and you merely confirmed4

5 it.

6 MR. GRUY: No, sir. You sco, the actual pressures
i

7 are higher than we checked.

8 DR. BABCOCK: Say that again.

i

9 MR. GRUY: The thing that stands out here is that at.y

10 leakage has got to make these pressures lower than they

| II would have boon without the leakage. Our actual measured

12
i pressurcs, the circles, are always higher.
hO I3 fi DR. BABCOCK: Not always.

I4 h MR. GRUY: Well, they are higher in this poor
i p

15 fit end down here.
i i

16 | DR. BABCOCK: They are higher in one end and lower
d

I7 |I in the other. You said they were always.
g .

] 18| MR. GRUY: I mean in the late time region -- you
,

i

I9 wouldn't have a boundary leak in the early time region

20 when it is right close to the well. You wouldn't have a boundc ry 1

2I
,

leak until the pressure moves out to your boundaries. So you

22 would be looking for a leak out here. Well, we couldn't

23 match this late time thing, but anything we do to put a leak

24| on it makes it worse.
Ace Federal Reporvers, int

25 h DR. DABCOCK: Incvitably.
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i 2 j MR. GRUY: Right,
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3
1 DR. BABCOCK: All right. Let me take a different

2003 ''
2 line of attack.

3 When you established your original boundaries you
O 4 assumed a boundary. You then made a calculation. You found

5 that the calculated result was not an acceptable one. You

6 adjusted the boundaries. You got a new calculated result.

7 You kept on adjusting your boundaries until you got the best
,

8 fit boundary location.

9 MR. GRUY: Yes.

10 DR. BABCOCK: All right. Now, then, when you put

11 a now parameter in the situation you were calculating, which
!

t
; 12 L was leakage, why did you not then search for a best fit the
e i

O 13 n!
: - a-

!

14 l! You have already said that inevitably you were

0
15 ] going to get a poorer result. Why didn't you then search

f16 for a best fit?
d

17 MR. GRUY: Because it appeared to us that anything --

i

18
i that any leakage is going to make the pressures lower. We

,

i

19! already can't calculate them as high as they are.

20 |' DR. BABCOCK: But we know how to adjust that. You

21 mercly adjust your boundaries.

{]} 22 Mr. Rcdgers? ,.

23 MR. RODGERS: If I may add, Dr. Babcock, the

24, problem that revealed itself in the procedure which we took ,

Ace rae,oi neporters. su !.

I
25 was that we did not find total closure of all boundaries. In

'tc .

I
I

li
'
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1 Layers 3 and 4 I think the best'we could say during the test

2 time was that the diffusivity allowed us to -- at that point

3 we realized we had a system in which we had almost total

closure; but we couldn't substantiate in Layers 3 to 4.4

5 I believe we still had an open direction insofar

6 as the pressure analysis was concerned. So we were in kind

7 of a situation where we would desire additional -- testing

8 additional transient pressure time as we recommended or

9 planned to do in the monitoring program during the initial

10 phases and further substantiate the boundary conditions.

11 DR. DABCOCK: I don't know whether this is quite

12 i along the line you are going down or not, but I want to
i

13 inject another question and,I believe it is along the lin"
:!

14 ! you are speaking about.

4

15 || After you had gotten your best fit, assuming
il

16 no leakage, do you then retain those boundaries in their

17 h|identical position?
?

18 |' You then assume leakage and still retain those
'

t
-

19' boundaries where they were, llad you adjusted those

20 boundaries to some new best fit, would you not have gotten-

21 a better fit than the triangles that you indicate on

22 | Graph 14? ,

23 MIt . RODGERS: I don' t believe we would have,

24 frankly. There are two thingn which will influence our
4. Federal Reporters, Inc.!

25| fit and that is the pore volume and pore volume distribution
,,

i
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i

I from an aerial aspect.

2 The other influencing factor on our fitting

3 technique or fitting procedure is the shape of the

d reservoir system or the shape of each layer with respect

5 to the well location.

6 Based on -- quite frankly, based on our

7 pursuance of fit, we did find that we were getting into a

8 very sensitive realm of boundary adjustments as we do

9 discussing this test.

10 In other vords, we find that some of these

II boundaries could not be manipulated over large distances

12,1
in trying to obtain the fit.,

O Id j We get into a very narrow distance r anye: of-

1-

I4 possible boundary positions in the fitting.

il
15 ' DR. BABCOCK: I take it that this is your statement-

i

16 ! as a professional in the field, that adjusting the boundarios
'|

I7 | for the triangle points in the case of leakage would not give
J '

18 [ a better fit than the fit that you have gotten there?

!

19|- MR. GRUY: That is our opinion.

20 DR. BABCOCK: Could I ask other technical experts

21 here the same thing,

O 22 mr. van ,oe11en, de.you agree with thae,

23 MR. VAN ,00LLEN: Yes I agree with that. You

24 could move the boundaries some, but the concept is there.
Ace-Federal Reporters, tric.y,

25 h There are sea ling boundaries. If you make them leak you will
4
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1 not get the same response.

2 MR. KORMBLITH: Mr. Gruy, I would like to ask you

r

! 3 a question or two. You mentioned a few minutes ago in

( '

response to one of Dr. Babcock's questions that you would4'

5 expect the effects of Icakage to show up during the latter

6 part of the shut-in curve.

7 Why would you not expect them to show up early?
;

8 MR. GRUY: Because early you haven't established'

9 any pressure difference at your boundaries.

10 MR. KORNBLITH : You have a larger difference, I

II would think, because this is a shut-in curve.

| MR. GRUY: Well, but your difference -- you see,! 12

() 13 you have a transient situation. You build up a prcccure

9i

I 14 0 rate at your wellhead. Then that pressure moves out. I have
' H

6
i 15 maps in here that shows how much the pressure has increased

g
k

16 ', at various distances from the well at times.
|

'
1

i 17 h
Please refer to Figure 5.

i 4
'

k
18 ;' MR. KORMBLITH : This is in this report?i

,

I

19'i MR. GRUY: Yes. The pressure dictribution and
i

! injected fluid front after five years in Layer Number 1.20
4

21 These pressures are at 2650 feet.

22 MR. KORNBLITH : What was the situation immediately()
23 before this run that is shown on the shutdown measurements?

t

24|
Was not the thing under static conditions or had you just

i

Ace-Federal Reporters, Inc.q||
,

25 stopped pumping?
,

i !
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1 MR. GRUY: We had been pumping into it so that

2 we had built up an elevated pressure right at the well.

3 MR. KORNBLITil: How long ba3 you stopped pumping
,_s

(-) 4 when you started these measurements?.

5 MR. GRUY: We started to measure immediately to

6 get the way the pressure falls off as it, of course,i moves

7 out into the reservoir.

8 MR. KORMBLITII: And you say that whether or not

9 it was leaking at the bounda.ry would not af fect the pressure
J

10 immediately and it would take some hours or days before the
,

f
effect of this would show up?11

12, MR. GRUY: Yes, down in your later time. Your

i

! ( 13 h initial part nr the curve reflects conditions right around

4,1

14 || your well bore. -

c

15 h MR. KORNBLITII: But certainly at the initial
i

16 stages you have higher pressures at the boundary than you

17 || have later on?

O
18 MR. GRUY: No.

.

19' MR. KORNBLITil: No?

20 t MR. GRUY: No, becauce the pressures don't move
i

l N
211 that fast. We are not in a tank. We are in this -- this

t

(]) 22b thing is a very tightly packed. sand body and that pressure,

f 23
.

novos out slowly.

24 MR. KORNBLITil: So if you are pumping on a well*

Ace Federal Reporters ins

25 h and then you shut it in, after you shut it in the pressure of
a
il
4

h
a
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I the boundary continues to rise before it starts to fall?

MR. GRUY: Right. It will never fall. 'lt will
2 ,1i

4

3 continue to rise, slower and slower and slower, until it

O
4 averages out all over, but the pressure to boundary won't

5 fall unless the it leaks.

6 MR. KORNBLITH: Now, let me change areas a little

7 i bit.

8 Dr. Babcock originally asked you to describe your

9 procedure for demonstrating that the boundary didn't leak

10 and you described this curve-fotting process. Doesn't that

Il refer only to that cast boundary? Maybe I have missed some-

12 thing in your explanation. Ilow do you tie down the

13 impermeability of the other boundaricc?

h

I40 MR. GRUY: Well, this applies to all of them.
1

15 ) We made all boundaries permeable at the same time within this
0

16 model so that any time the pressure was built up inside of
dI7 the -- at the boundary, if there was permeability there

i .

18 i there would be'an outgrowth of fluid.
,

19| Now, this -- at this time this is all really
b

20 [ complicated, but when we once get the pressure out to all the
|

2I| boundaries and we filled our tank, we get out of what is
1

- 22 '' cettea ene u=eteear eeete en1#9 i=e eemisee av et ce soreO
23 of situation where you will have a material balance.

24, Each barrel of injected fluid is going to run up
Ace-Fedsral Reporters, lac.I,

25 the pressure in the same amount and you will begin to get --
s
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,

1 (Demonstrat ng on the blackboard) -- well, you have a sytem

2 of some length, a distance here, and the well in the middle.

3 If we have pressure increasing this way and distance down
'

4 here from your well, then we say this is the static pressure.

5 When you begin to inject you raise the pressure
i

6 here at the well and around the well'.

7 Now, when you stop injecting, this drops. This

8 moves out. T his drops and moves out and finally you end up

9 with a little higher pressure than you had before. But if you

10 wait long enough, it will be uniformly over the whole tank.
o

''
II CHAIRMAN FARMAKIDES: In other words , Dr. Gruy,

12 you have indicated on the board here that what we'have got
,

() 13 )!
as a cyctc= ic a cup citting on its bare and then in the

!

14i middle you have got a well coming in with'a cone extending
i

15 from that -- from the bottom of the well, which would be the
t

16 point of the well closest to the base of the cup. That cone

17 would become more shallow as your pressure drops.
<

p
18' MR. GRUY: Right, just like if you had some

.

19 jello that sank down with time to fill the whole pan that

20 it was in. That is the way the pressure moves out.

21 Now, then, af ter we have ef fected all of these

{} boundaries, when we start to plot we shut down and we22
,

i

23 calculate this average presstire from the way this falls off.

j Then you will have ja -- if you make a plot of cumulative24
Ace Fedrol Reporters, Inc, ;

25 i injection versus prescure, now this plot has got to be a

!
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I straight line rising in this mahner, and the amount that the

2 pressure rises por unit of injection will be a function of

3 the size of this tank and its volume.

O 4 If this curve begins to do this, falling off, it

5 is leaking.

6 CHAIRMAN FARMAKIDES: Please articulate that so

7 that the record can pick it up. That is what I was trying to

8 do previously.

9 MR. GRUY: Once you have pressured all the

10 boundaries so that your fluid is no longer escaping into the

II wild blue yonder but it is confined and you have a confined

12 system, then your average pressure will go up as a function

O 'a || of insc=ei== =e = co==t=ne emou=t.
h

14 |i In other words, you will have a pound pressure

15 |i increase per "X" number of barrels injected, in your

16 average pressure in your reservoir. That will be constant.

17 The only way that that can vary from that is for something to

18 happen to the size of your reservoir. If it begins to leak

19 your pressure per barrel injected won't go up as much

20 because you haven't increased the volume in your tank that

21 much. So it will be completely obvious that the leakage
|

22 occurred.

23 MR. KORNBLITH: I think we are getting a little

24 away from the topic that I started out to ask about.
IAce Federal Reporters. Inc.
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i

i sorry.

2 MR. KORNBLITH: You say the leakage does not show

_
up until late in the shutdown time versus pressure curve.3

'' 4 How late is late? Is it a function of how far away the

5 boundary is?

6 ' MR. GRUY: Yes, sir.

7 MR. KORNBLITH : So if there was leakage of the

8 boundary 5000 feet away would it show up later than leakage

9 at an 1100 foot distant boundary?

10 MR. GRUY: Yes, sir.

11 MR. KORNBLITH : Would it show up if it were at

12 5000 feet on this curve at all or would it be someplace out

( () 13 ', way bcycnd the end of the page?
|!

14 h MR. GRUY: This is 150 hours. We were effecting
3

j!
15' some 29,000 feet on this test. But if there was a leakage

!

16 | close by the profile would be lower.
I

1
17 MR. KORNBLITH : You say that you learned from

'

18 this experiment that you could detect a leakage equivalent

19 to a tenth of a millidarcy but not one equivalent to a

: 20 hundredth of a millidarcy.

21 MR. GRUY: Yes, sir.

22 MR. KORNBLITH : That applies, then, only to that
}

23 nearest boundary. The sensitivity would be lower, would it

24 not, at more distant boundaries?
Ace Federal Peporters. Inc. ;

25 | MR. GRUY: Yes, but in the model we have put the
.,

0
a
11
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I permeability on all boundaries when we ran the thing and

2 anyplace -- there would be some leakage all along as soon as

3 the pressure began to increase.
"

" '

4 MR. KORNBLITil: But at the east boundary, which is

5 the one at 1100-odd feet, if it were impermeable and there

6 were leakage at one of the more distant boundaries, what

7 would you know about it from the runs that you have made so

8 far?

9 Would you know -- would you still be able to say

10 that it couldn't be in excess of a tenth of a millidarcy?

II MR. GRUY: It would take more time, more injection

12 history, to absolutely make that statement.

13 Y, MR. KOmmLIT!!: So your Otatement about how tight

!!

14 f the boundary is really only applies to that first boundary?
/

15| MR. GRUY: It applies more strongly to the closest

16 boundary than to the more distant boundaries, yes, sir.

I

17| MR. KORNBLITil: I don't quite understand the

18 "more strongly" adjective. Your sensitivity, taking it

19 from this test, is lower at the more distant boundary; is

20 that correct?
i

2I MR. GRUY: You are getting me into things that are

22 so complicated that there is not any way I can explain them

23 or even understand them myscif because all I can tell you is

24 how it happened in the model.,

Ace-Federol Reporters, Inc.

25! We put the permeability in all of them. Now, wherc

!
o

!
a
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1 the permeability was in there, more of the leakage occurred

2 at the closest boundary because the pressure difference was

3 greater. But there was some leakage occurring it the

O 4 more distant boundaries because there was some pressure

5 difference.

6 When there is some pressure difference and some

permeability there will be some flow, but most of the flow7

8 occurred at the closest boundary.

9 MR. KORNBLITII: That is because you assumed equal

10 permeability at all the boundaries.

11 MR. GRUY: Right.

12 MR. KORNBLITII: Did you make any runs where you
i

O i3i a====ce ene eeere e w"""amtv wee 1mrermeed1e cea 1oon se *"c
h
!;

14 effects of varying the permeability of the others?

15 a|
'

MR. GRUY: No.
O

16 CIIAIRMAN FARMAKIDES: Let's recess for ten minutes.

17 (Recess.)
I,

end3 18 fj
2803 -

19 |

208

21
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23

24
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1 mil I CHAIRMAN FARMAKIDES: We will proceed with our line

2 of questioning. I want the Applicant to understand that the

3 Board is trying to develop an understanding of the Applicant's
G

4 analysis of the configuration of the reservoir. I think it

5 would be most helpful if, for example, the answers to the questions -

6 are more direct. I would cppreciate that. We haven't said

7 anything in the past, but I would appreciate if a question is

8 asked that the response be directly to the point. It would

9 save us all a lot of time. I think Dr. Babcock had some

10 questions he wished to ask now.

II DR. BABCOCK: This line of questioning is going to
4

12 be slightly different from the last line, but related. I would

I

13 like now to turn to rigure 13 of the May 1977 report , which+

!

14 ' has as its description Exhibit A. I believe it is Exhibit A ,

i
15 of the transmittal letter.

16 MR. IRVINE: I am sorry, Dr. Babcock, I didn't

il
17 understand the reference to Exhibit A.

!

18 DR.' BABCOCK: It is E'xhibit A that was attached to

19 the transmittal letter.i

20 MR. IRVINE: Thank you, sir.

21 DR. BABCOCK: My questiona are relating to the line

22 that extends vertically f rom th.c point . labelled 1.0 at the bot-

23 tom of the photograph. What is the significance of the point.s

24 that are on that line?,

Ace Federal Reporters, Inc.

25 MR. GRUY: Those are the points, starting at the

I

L
h
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2 mil bottom, at-115 hours. The next one at 65 hours. The nextI

one at 5 hours. The top one at .23 hours. They are calculatec2

3 in the model for the permeabilities that we used in the model
O '

# for our determination.

5 DR. BABCOCK: In other words, this line represents

6 the actual measured points?

MR. GRUY: No, sir, there are no measured points

0 on Figure 13.

DR. BABCOCK: It represents your best fit to the

10 measured points?

11 MR. GRUY: The best fit to the measured points

12| are the .01.

O ' 3 '' DR. BABCOCK: Le t ' s take the point ut about 1207,

I# which is 4.23 hours. Can you show me where that point came
I

15h, from?
6

I0 MR. GRUY: The only points on Figure 13 are at

d

I7 |I the hours I read.

18 DR. BABCOCK: Can't you find a place in your
,

19 report that you can get that number for me?
20 MR. GRUY: I thought you were referring to Figure

13.

"O on n^ncoca: #e vou to-riaa enee rie"re et e ="

23 other place in the report.

24
Y' '*

Aes Federal Reporters, Inc. I

25'I the question.
*

I
e

I
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3 mil 1 DR. BABCOCK: Is it 1267 pressure point as given on

2 Figure 13 found someplace else in the report? >

3 MR. GRUY: I don't see a 1267 pressure point on

O
b 4 Figurc 13.

5 DR. BABCOCK: 1267. Well, it is approximately

6 1267, on the .23 hour curve.

7 MR. GRUY: The .23 hour curve at one. You want

8 to find that point somewhere else?

9 DR. BABCOCK: Yes, please.

10 MR. GRUY: If you go to Figure 2, it is above the

11 points that we could plot.

12 DR. BABCOCK: All right, let's take the next point,

I

(~) 13 ] for five hours.
p

,

x_-

MR. GRUY: A little over 1262. That is the14j

15 h point right under the 1263 line, or the fourth circle coming

16 down from the top left. No, the fifth circle.
,

f
17

|
MR.,KORNBLITH: These should correspond with Xs

:

18 rather than circles, shouldn't they?'

.

19| MR. GRUY: That's right.

|
20! DR. BABCOCK: Will you change the record, please.

21 MR. GRUY: It would be the fifth X.

(])
'

let's take the next pointr 22 DR. BABCOCK: All right,

23 just below the 1262.
|

24 MR. GRUY: The 65 hour point? |
Ace Federof Reporters. let j |

'

25 DR. BABCOCK: Right. ;

f I
\

;| 1
j .

1
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.

4 mil i MR. GRUY: That is the point.where the X is shown

2 at 65 hours on Figure 2.

3 DR. BABCOCK: Would you read that number, please.

O # MR. GRUY: Well, I can read it a little bit less

5 than 1253.

6 DR. BABCOCK: And what did you road it on the graph

7 on Figure 13?

O MR. GRUY: A little bit less than 1252,

9 DR. BABCOCK: Is there a discropancy there?

10 MR. GRUY: Yes, it would appear that there is a

II little bit of a pletting error there, yes.

I2 DR. BABCOCK: All right, let's go down to the next

19D point, 1247.8, we will say. iiould you find Lhal point on

I# Graph 2, Figure 2?
,

15 MR. GRUY: That would be the point a littic under
i

16 | This may be on a different run because I am sure we1249.

II didn't misplot that much.
g .

DR.' BABCOCK: The first points that you were'

,

19 telling me were from this same run. Have you changed runs in

20I between?

21 MR. GRUY: Let me sce. John, this Figure 2, is

22 that the same runs these are supposed to have bocn taken from?

23 We have got a calculated value of 1249. Thoro is somo

24| MgM'

4c.. red ,ni neper. , . inc.|
Mf &mu h & ms Mm kmm I km n GM t

2S
I the things that much. These were runs we made for permeabiliti
!

,
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Smil I variations in layers three and four on the west side at

2 distances of greater than 1164 feet from the injection point.

3 These are not -- this is not a comparabic thing. This Figure

O 13 was put in to show the effect of changing the permeabilities .'4

5 DR. BABCOCK: But the --

6 MR. GRUY: But apparently we have not used as the

7 the final and best fit numbers here. The curve does-one,

8 show that you have a greater effect from reducing the

permeability from what was used than you do from increasing9

10 the permeability from what was used.

II DR. BABCOCK: I belicyc in your text you drew rather

I2 important conclusions from the fact that these lines were

I3 all eddentially similar in form'.'
!

14 MR. GRUY: Yes, sir.

I
15 DR. BABCOCK If you plot the curves for 115 hours

16 | and 65 hours through the points that arc established other
J f

17 | places in the report, you do not got the same shaped curve?
I MR. GRUY: Well, these points were for the same18

.

19 : cries of runs with this difference, whereas it might not have

20 boon the same runs that were plotted on those other graphs.

2I DR. BABCOCK: Can you find these points you have

O 22 e1oeted in this eee of dete2 ,

23 MR. GRUY: Well, I haven't looked and I don't

24 imagine that they are in here because if they were in here,
AceFederol Reporters, Inc.

25 they would be the ones I was looking at and obviously they are1

I

,

l
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~

I not.6 mil

2 CIIAIRMAN PARMAKIDES: Do you still have confidence

3 that Figure 13 has value?

O
4 MR. GRUY: Yes, sir.

5 CHAIRMAN FARMAKIDES: In what way?
,

6 MR. GRUY: In showing the effect of changing the

permeability at distances greater than 1164 feet away from the7

8 injection point.

9 CHAIRMAN FARMAKIDES: What is your data supporting

10 Figure 137 Where is it?

II MR. GRUY: We would have to get our runs. Do you

12 have those runs with you, John?

I3 MR. RODGERS No,.I don't.
t

Id MR. GRUY: We made a great number of runs and we
il
h

15 [ made one run with permeabilities at one and then we increasedi

f

16 | the permeability to show the offect on the pressures at this

I7h time and then we decreased the permeabilitics at those

f18 ' distances to show the offect.
l9 Cl! AIRMAN FARMAKIDES: You don't have such evidence

20- right now, sir?

2I MR. GRUY: I don't have such evidence with me.

22 DR. BABCOCK: I am now talking with relation to Figtre

23 2 of the Gruy report of May 1, 1972. I am going to ask

24 questions concerning the circled points which the legend
Aes-Federal Reporters, Inc. |

25) indicates are the measured data. Ilas Kerr-McGee given evidenc t

!!
!

'
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7 mil 1 as to what the actual measured data were that these points

2 came from? In other words, would it be found ir. Exhibit D
,

3 of the transmittal letter which is entitled, "Sperry Sun
~

4 Precision Pressure Gauge Report"?

5 MR. GRUY: Yes, sir.

6 DR. BABCOCK: I will pick one point and see if you

7 can find that point for me in that report. Let's take tho |

point at about 125 hours. Or it might be casier to find the poi nt8

9 at 145 hours. Either point.

10 MR. GRUY: At 145 hours here, wo show slightly

11 over 1249 pounds.

12 DR. BABCOCK: That is on Figure 2, yes, sir. Now,

I

() 13 )h
would you find 1249 for no in the report that I just spoxo

14y of? ,

:|
1

15 b MR. GRUY: Mr. Rodgers tells me that there was a run
i

f at 75 hours and a recalibration made and they didn't mako a16
i

17 new report, so that that is not -- that number is not in the
t

18 e report submitted. I was not awa're of that.

19 . DR. BABCOCK: That is a surprising statement to me.
!

20 I thought that we had been given the correct data.
!

21 MR. GRUY: I thought so, too.

22 MR. VAN POOLLEN: May I try,to help out?()
f 23 DR. BABCOCK: Yes, sir.
|

24 MR. VAN POOLLEN: This is a very rough looking
- .

AceJederof Pepneteri, in

25| graph.

|'

.
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|

Omil I Cl! AIRMAN FARMAKIDES: What are you pointing to,

'-
2 sir, for the record?

3 MR. VAN POOLLEN: This is a draft showing the pres-

O *

4 sure as a function of time on one of my worksheets. During

5 the early --
<

6 Cl! AIRMAN FARMAKIDES: Excuse me, Dr. van Poollen.

' 7 Could you identify it further? Is that in the evidence?
2

8 MR. VAN POOLLEN No, sir.

9 CIIAIRMAN FARMAKIDES: Do we have that in the

I 10 locord?
l

Il MR. VAN POOLLEN: This is not in the record'.

12 CIIAIRMAN PARMAKIDES: Do you intend to put that in

() 13 | the record?
I

j

i d

14 [ MR. VAN POOLLEN: May I ask -- !
; 1

15| Cl!AIRf1AN FARMAKIDES: Let's understand one thing.
i

16 It is the job of this Board to make a decision here and wo

17 want the details. We want the facts. We want both sides

18 to put on the facts of their case. Now, you just can't make
-

1

19 general statements and then expect us to simply accept those

20 without some data. If you intend to support Figurc 2, Dr.

21 van Poollen, were those workshcots then you have to discuss

(} 22 that with your attorney as to whether you want that workshoot

23 put into the record, sir? If that does support it, I suggest

24 to you that it might be very valuable.
Aen dera Repve ri. Inc.

25; (Discussion off the record.)
I

a ,

1 h

li
.
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i i

i

9 mil 1 MR. VAN POOLLEN: My only apo.179y is that it looks i

>2 so bad.
j

3 CllAI!U1AN FARMAKIDES: If he can read it, sir, that

: O 4 is good enough. If your thought processes are on that paper,
j

j 5 that is fine with me.

6 MR. VAN POOLLEN: All right.

7 MR. IRVINE: We will have copies made and submit ;
!

8 it. |

1

! 9 Cl! AIRMAN FARMAKIDES: Would you want to introduce ti at

10 as part of your record, sir, and would you want to show it to

II counsel, Mr. Kinsey? We can cite it as Applicant's Exhibit 4.I

12 MR. IRVINE: Yes, sir.
,

13 MR. KINSEY: We bnvo no objection.
-

h
!|

I4 f Cl! AIRMAN FARMAKIDES: No objection? .

'

hI

15 i MR. KINSEY: No, sir.
,

I
|
! 16 Cl! AIRMAN FARMAKIDES: You are offering it into

q'

f. 17
|

cvidence, Mr. Irvine, and we will accept it into evidence as
'1

18 Applicant's Exhibit 4.
.

19 (The document referred to was

20 marked Applicant's Exhibit 4, forxxx

21 identification, and was roccived

22 in ev,idence.),Q;

23 MR. VAN POOLLEN: On this Exhibit 4, I have

24 plotted the pressure versus the log of time function. This
Ac Fede.at Reporters, ine.|

| 25| shows the raw data that was in the Sperry Sun report whfch is
I

fi
||

-
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10 mil 1 an attachment to:an exhibit.

2 MR. GRUY: Well, now, John tells me that the Sperry

3 Sun corrected that report and never gave us the correction to
O

4 Kerr-McGec and the old uncorrected one got in the record.

5 Now, in your study, I don't know if you got the right one or not.

6 MR. VAN POOLLEN: This is the uncorrected.

7 DR. BABCOCK: Isn't this a little unusual, to have

8 this --

9 MR. GRUY: It is entirely a surprise to me.

10 DR. DABCOCK: It is a surprise to me.

11 MR. GRUY: It is entirely a surprise to me. I

12!.I
thought the basic data was in the record.

13 MR. VAN POOT.T.EN : T have the same data that Dr.

f
14 j Dabcock has on this graph.

15 )1 Cf! AIRMAN FAR!!AKIDES: We will be very pleased to
il

16I have that, sir. Wo.want a completo record and if that can
'

17 h;assist us,
i.

fine. If you have data supporting the --
4

*

18 MR.'GRUY: You do not have the corrected data with
I

19 you?

20 Cl! AIRMAN FARMAKIDES: The probice, Dr. van Poollon,
.

21 is that the data that you used is not the corrected data,
.

22 as I understand Mr. Gruy. ,

,

l
23 MR. VAN POOLLEN: I want to point out that I think

24 it is.
Acelederol Reporters, Inc !

'

25 Cl! AIRMAN FAP21AKIDES: You think it might be?
,

l!
il
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.

[ limil I MR. VAN POOLLEN: Yes.

2 Cl! AIRMAN FARMAKIDES: Perhaps we should recess for

3 10 minutes and I think the panel should discuss this among
V '

4 themselves and come in with the position of the Applicant

5 as to what is the correct data. We will recess for 10

6 minutes.

7 (Recess.)'4

8

9

10

'

11

~

12
''

,

-

J

14 '|
!

15|'

16

17 ;

18
.

19

20

! 21

22<

23

.

24
Ace-Fedirol Reporters, Inc,<
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1 CIIAIRMAN FART 1AKIDES: 'Mr . Irvine, can we proceed?
''

2 MR. IRVINE: Yes, sir.

3 Mr. Chairman, at this time we would prefer to

O'

4 withdraw Exhibit No. 4. I think that Dr. van Poollen will

5 be able to explain because the exhibit itself nas his rough

6 notes and has so many other things on it that it would tend

7 to be more confusing than helpful at this time. At 1 cast

8, we are going to attempt to do it this way.

9 CilAIRMAN FARMAKIDES: You know it has boon intro-
,

10 duced into evidenco. Is there any objection from the Staff
,

II| to having it withdrawn?

12| MR. KINSEY: We would have no objection to their,

13 i withdrawing it. .

d
14 h CllAIRMAN FAPJ1AKIDES: We would like to coo it

15 before we consent to withdrawal.

16 1 (Document handed to Board.)
11

17 (Discussion off the record.)
18 Cl! AIRMAN FARMAKIDES: We have had a short bench

,

19 conference and I think what wo will do is defer ruling on

20 withdrawing Applicant's Exhibit 4 at this timo pending an

21 explanation by Dr. van Poollen which could be articulated

] into the record and also, Mr. Irvino, I understand that Dr.22

23 van Poollen will bo in a position to give us a graph of the

24 main points involved.
Ar..ra,,oi repert , . in.l'

25 h
!

MR. IRVIDE: Yes, sir.
i s

e

li
'
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| ty 2

.

1 CIIAIRMAN FARMAKIDES: All right, Dr. van Poollen.

) 2 HR. VAN POOLLEN: On Exhibit 4 -- ..

3 MR. IRVINE: Dr. van Poollen, without reference to

O 4 Exhibit 4 at this timo, can you articulat'c what you have found
!

l 5 and then it can be determined whether Exhibit 4 will be
!

' 6 nelpful or not?

1

7 MR. VAN POOLLEN: I have made a plot of pressure-

i

8 versus a timo function and I have noticed that during two

9 different gauge fronts --

10 Cl! AIRMAN FARMAKIDES: I assume that timo is the
,

'
11 most important variabic.

12 MR. VAN POOLLEN: That 10 correct.

13' CilATPMAN TAPl1AKIDEG: What else is in that function?
;

i 0

t1R. VAN POULLMN The time function is the injection14 j
s

15 y timo plus the shut-in timo, that ' quantity divided by the shut-
d1

16! in time. Consequently, the overriding factor is the shut-in|

|

I

17 timo.
I

18 On this plot, I can so'o that the trends of the two
j -

.

; gauge runs were identical. Ilowever, when the gauge was rerun19

20 an apparent discrepancy of 2.2 pounds occurred. I consequently

21 adjusted the pressures downward to the second gauge run which

22 I assumo was dono in it.(} ,
,

23 Cl! AIRMAN FARMAKIDES: That was your assumption,
e

j

24 sir?
Are hderal Reporters, let

,I
i MR. VAN POOLLEN: Yes, sir.25

|
11

, ,

!!

U
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.

1 Cl! AIRMAN FAICIAKIDES: Did you contact Dr. Gruy?

2 MR. VAN POOLLEN: I contacted -- that specific

3 item I contacted Mr. Rodgers.

: () 4 Cl! AIRMAN FARMAKIDES: Did Mr. Rodgers at that time

5 tell you if that was a valid assumption?

6 MR. VAN POOLLEN: Yes. Ile told me that this was

i 7 more than likely what they had dono.

8 Cl! AIRMAN FARMAKIDES: But you have no other

9 cxplanation for that assumption?

'

10 MR. VAN POOLLEN: No, sir. This is something that

11 happens very often. As a matter of fact, all of the peopic

12 in my organization, when they plot their data, have to mark

O ialwaerethecauceru"-ee. ~ae"
<"e "<- er -""< u""o " " "".

:

14 j! At that timo you frequently see funny things on your curvos. ,

d

15 DR. BADCOCK: I don't belicyc that is shown on'

| Figure 2.16
,

j 17 MR. VAN POOLLENs That is correct.

18 DR. BADCOCK: In other words, Figuro 2, taken by
,

) -

19 itself, indicatos that there was a continuous gauge reading,)

20| or I guess I should say gauge setting, starting from zero hours4

21 and ending at 145 hours.

22 MR. VAN POOLLE!!: That is correct, llowever, the[}
23 raw data was given to me and by plotting it I could sco that

24 this practical phenomenon was taking place again like it does
Ace-Federal Reporters, lec-

i
'

25 q so of ten.
|
,

I
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1 Cl! AIRMAN FARMAKIDES: 'So your graph, then, differs

2 from that of Figure 27 '

3 MR. VAN POOLLEN: Not following adjustment.

O 4 DR. BABCOCK: After adjustment it is the samo?

5 MR. VAN POOLLEN: That is correct, sir.

6 DR. BABCOCK: I noto in the Sperry Sun exhibit

7 that I was talking about a little while ago, cach one of the

8 runs is started with a calibration run. Should not this I

9 calibration run climinato the offect that you speak of?

10 MR. VAN POOLLEN: Not necessarily because thoro

11 is a very high precision instrument run on a wire and a tape

12 that thoro could be some minor depth differenco of whero
i

i

O '30enecauce->ru"eaata- .

il

14 jj For examplo, 2 pounds is approximately equal to 4 .

15 foot. I don't recall the exact depth at which wo are running

16 but it is in the order of a few thousand foot. It is con-

|

17 j coivable to have a few foot of difference betwocn runs.
0

18 ' DR. BABCOCK: They say on this chart that the psig
.

19 is at 2,650.

20 MR. VAN POOLLEU That is correct.

21 DR. BABCOCK: That would to no indicate that it is

22
} 2,650 plus or minus maybo a foot.. ,

23 HR. VAN POOLLEU: I think there could bo some moro

24 | loeway than that.
Are federal Reportert, let

r

25 | Cl! AIR:!AN PARMAKIDES: 1:ow much more?

|

R
,; -
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1
MR. VAN POOLLEN: I think you could go up to 2 feet

2 or 3 or 4 fact, if both gauges have that. That is what I

3 was referring to earlier in my testimony, that the 5-1/2

O
4 pounds -- which, by the way, had I not corrected this numbor,

w uld have boon 7.7 pounds -- so I corrected it to be what I
5

6 though was in inc. That is where I say that 3.4 or 5.5 pounds

are very difficult betwoon runs to accept as preciso numbers.7

DR. BAUCOCK: I note in the calibration that isg

9 given in the Sperry Sun report, as I understand it, they got

10 the same calibration forthe last gauge setting as they did

11 for the gauge actting before.

12
Did I read the numbers correctly?

O i20; "n v^" eoo'te"> 1 aeiteve vou asa-

14 1 DR. BABCOCP.: Why would we not find a diffcrenco

0
in those two calibrations if there was an actual difference15

i

f

16 | of 2 pounds per square inch in the numbers that were coming
i

17 out?

b MR. VAN POOLLEN: I am'not surc I undcratand your

18| .

19| qucation precisely.

|
20' DR. BABCOCK: Sperry Sun calibrated their gauges

before the last run, we will say. They calibrated them before
21

22 the next to the last run. The calibration data, as I under-

23 stand it, are identical in the two cases.

24 i MR. VAN POOLLEN Yes, sir.

Ace federni Reporters, Inc.!

b DR. BABCOCKt As reported in here.25
0
1
s

fl
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,

1 MR. VAN POOLLEN: Yes, sir.

'
2 DR. BABCOCK: Dut you toll me that there is an

3 actual difference in the roadout of about 2 pounds por squaro

O .

4 inch. In other words, the roadout is 2 pounds por squaro

5 inch high in the last run.

6 MR. VAN POOLLEN: That is correct, but the cali-

7 bration will still bo the same. This calibration was run in

8 the laboratory.

9 DR. BABCOCK: I didn't realize that.

10 MR. GRUY: Maybe the bond gets 2 foot doopor on the

11 second run. We checked this with Sperry Sun and it is my

12 understanding that they said they had mado an error in that

O i3]jreportof2.222 pounds.ue eexed thcm to submit a corrc=tce

14! report to Korr-McGee. No subtracted 2.222 pounds from each
|

15' of the readings after 75 hours. I was not aware that the

16 | corrected report was not submitted and part of this record.

17 |I
MR. VAN POOLLEN: I would like to stato that I

18j did not know that, either, but I did it personally after I
,

19 |imade my graph and I found 2.2 difference and corrected it

20 by 2.2, indopondent of any other information from Sperry Sun.

21 DR. BABCOCK: I found 2.2 pounds also.

22 I would liko now to turn to pago 7 ot the May 1,

23 1972, yearly report. I am talking about the general subject

24 of the validity of the model. It is reported here a column
e. r.a.,ni R,re .. i int j

.5j of figuros which is entitled "Prosaure by Analytic Solution,"

h)
o
h

11
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1 and another column of figuros is "Prossuro by Model Solution."

2 Would you say a few words to explain that differenco

3 that you are trying to bring out there, Mr. Gruy?
O

4 MR. GRUY: Well, the analytic solution is a solution

5 by a continuous equation rather than using the model divided

6 into blocks.

7 Now, I want to call your attention to a typographica l

8 error in the fourth column thoro. Thoro snould be a =cro

9 beforo -- betwoon the decimal point and the 5 in the last throo

10 numbers on that column.

11 DR. BABCOCK: I noted that. Go ahead.

12 Do you have moro explanation?

() 13 !!R. C?.UY : !!o . That is the difference in the
d

14 (n
solution.

15 DR. DABCOCK: The naar identity of those two
n

16 columns of figuros suggests to me that you were using almost
r

17! the identical equation for the ono calculation as the person
I
i

18 " did in the other calculation. Is that correct?
,

19 liR. GRUY: No, sir. Wo used the como physical

20' paramotors but a different mathematical equation.

21 DR. BABCOCK: Was the difforonco only a finito

22 difference method of calculation ,or was 1.t a basic dif ference

23 in tho formula that you woro using?

24 MR. GRUY: Well, the model solution is the finito
Ace Federal Reporteri, Inc. I

25 differenco method, treating each block in the others. The

1
y

|| '
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1 other is a continuous --

! 2 DR. DADCCCK: What is the difference? If you uso
!

3 the finito difference method and make your finito differences
O very small, what is the difference betwoon that and the4

5 continuous method?

6 MR. GRUY: This is just donc to snow that they

7 .wcre small enough and that it was checked.

8 DR. DABCOCK: In other words, this is the same

9 basic equation that you are using.

10 MR. GRUY: Yes, the same basic reasoning.

II DR. DABCOCK: In other words, differences betwoon

12 the true geological formation that we are talking about and

O is hthe m=dc1 that y=u have mede wee 1,4 ~< esew eg in theee two
h

14 ! calculations at all.
0

15 | MR. GRUY: No, sir,
il

16 DR. DABCOCK: Fine. In other words, you aro

17 ||moroly proving hero that the| finito differenco method used

18 small enough increments so as to c11minato the errors caused

19 by that method.

20'- MR. GRUYt That is correct, sir.

21 DR. BABCOCK: I have a question on an entirely

22 different area. I don't know who on tha, panel this should bc

| 23 properly addressed to so I will addrocs it to you,?!r. Irvino,
i

f 24 and you can reassign 3 t if necessary.
|

Helederal Reporters. IM.

2- fin. IRVINE: You may be cure that I will be glad
: i

f |
n

I |8
n
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1 to reassign it.

2 Cl! AIRMAN FARMAKIDES: Or if you want to designate

3 a chairman of the panel and then we will address it to the
O 4 chairman and ho can answer it or whoever else he would suggest.

5 MR. KORNBLIT!!: I was --

'

6 Cl! AIRMAN FARMAKIDES: Do you want to do that, sir?
,

7 It might be easier since tnese people arc all technically

8 qualified and you are a lawyor as I am. Perhaps one of the'm

e 9 can be better routed.

10 MR. IRVINE: I will bo happy to advocate Mr.

11 Shelley.

12 MR. KORNBLITil: Mr. Shelley, nas any consideration

() 13!|bcon given to the possible effracts of earthquaken on the
!!

and,it so, what consideration? I don't recall seeing
.

14 p] reservoir , '

i

15 anything in the material concerning this matter.
i

16 | MR. SilELLEY: Wo know, Mr. Kornb11th, that the

h
17 || area in which the plant is located and this f ault block is

'

N,

18 located is not a scismic-active arca.
'

.

19 I am sorry I can't quoto from memory -- I don't
i

20 have it with me. This was described in our environmental

21 report. It is a Zone 2, which is a very slight chance of

fearthquakes. If my memory is correct, I.think it's a tremor
({} 22

23 ovory 10,000 years. The geologists tell me that this block

24 luus remained stable at the disposal horizon for a periodI

Aes Fedvol RepoHm, in f '

25(of some 250 million years or more because of the lack of
|

|'
a
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1 apparent dilution and general stability of this area. This is

2 about the extent of the examination of this problem. *-

i

3 We fool that in the event of a quake that released

O
4 fluids from these underground formations the fluids that arc;

i

5 there are already to some degree containing radionuclides and

6 they contain strong salt solutions. It would undoubtedly bc

!
7 ' hazardous unicas diluted. We don't believe that the injection

!

; 8 of raffinate in such a large reservoir would add measurably to

End #5 9 this risk.

10

| 11
-

12

O ni
U

.

11;
! l

15 !,'
!

.,

16| |
t t

t

17!
t

i
18 e

.

19

20
|

21

o 22 ,

.

.

.f
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| 1 14R. KORNBLIT!!: There have been some cases -- and I

2 am thinking particularly of a recent one in the Denver area --

3 where the injection of fluidu has led to earthquakes. Is the'

|

!.
4 situation here greatly different.

5 14 R. SHELLEY: As I understand it, it is and perhaps
!

6 some of the geologists that have made studies of this -- it is

7 my understanding that the l'enver injection was into igneous

8' baso rock, into fractures that wore already existing.
i

9 I rucollect that the explanation is that the liquids

!

| 10 were injected under very high pressure. They were injected

{ 11 into these,fisaurcs or fractures and therefore they lubricated

12 the movement or the relief of stress in these base rocks.g

O i3O ci:21a:42:: run:4xuzo::: or. ch=11cv, vcu m=r, of

14) course, consult with other members of your panel or ask eno
i

15p of them to respond.
I

|
16 | One of the reasons, sir, why we admitted your

d
17 q supplemental no. 3 which I think was objected to by the Staff

i '

18i was because we thought it was rolevant evidence from a safety

19 viewpoint and this is one of the areas we wanted to exploro.

|
20 ' What you have given us so far, sir, is not as helpful as if you

I I

21 could tell us where you discuss this, as Dr. Kornblith asks,

22 ,where havo you discussed it? You yourself are not a geologist'

23 , so I would suggest you might want to ask one of the members of

24 your panel to respond to lir. Kornblith's question.
AceJedeal Reparters. Inc l

25| 14R. VAN POOILEN: I would be in a position to answer

<

| s

hI
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I that because I did a considerable amount of work on the Arsenal

2 well where the earthquakes occurred and study that data in +

3 considerabic detail.

O '

4 MR. KORNBLITil: Please do.

5 MR. VAN POOLLEN: At the Arsenal well injections

6 took place at the essentially very finite reservoir which could
7 be shown in subsequent data. As a consequence pressures were

8 increased rapidly to the point where it would start to extend

9 certain fractures. Then once it started to extend those certain

10 fractures -- and this was in igneous rock -- the pressure on

II the fracture plano in.:rcased and consequently movement could

12 take place. i

|

13 As a consequence uc cay trc=cr rather than carth-

14|| quakes. It never has been of any serious nature except it was

||
15 5 alarming to peoplo that the continuation could conceivably

16 result in a bad carthquake. Consequently it has been recom-

17 monded by various poopic on the pancis that worked on these --
1

18' and they were not all in perfect agreement -- that whenever a
,

19 waste disposal project takes place that you should, as part of

20 the monitoring from an environmental point of view, have,

21 scismic information.i

O If you find that the .scismicity of the area tends22
,

23 to increase you stop immediately. So this answers, hopefully,-

24 the question on can you start an carthquake. This has boon the
Ace Fed.tol Reporters, int ,

'

25 only one that we know of that over happened. There are more.

i

b,
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I bits of information available on the injection'of fluids into

,i 2 reservoirs, and a cooperative effort *.cok place between the

60' PeoP c in Mendel Park and I think with the environmentall.; '. 3

4 agency -- I don't know the exact name -- that is part of the

k 5 U5iGS. '
'

f

I6 And the Chevron oil Company in Colorado have been'

7 injecting fluids and measuring the seismicity, very precise
' i.

8 measurements, and they have observed that noises rather than
. de,

.9 even tremors occures as a result of injection. . When they
'

i

10 ceased injection then the noise disappaared.

s'(i

11 MR. KORNBLITH: Are seismic measurements planned
, s

t| ;12 here?-

,

i
l'3 ' MR. SHELLEY: We had not considered it.to this

14" point, sir. All of the inform,ation I had available from the
Oklahbma Geological Society led me to believe that this area15

) 16 was much more stable than the area in Denver that had this
t

(17 experience. It certainly could be added to our monitoring
i

18 ' prograr4I-

. ) I'9 MR.' KORNBLITH: I don't think the Board is recom-

20 mending .that you do it or don't do it. I am sure it is not

21 the soit of thing one would want to make an instant decision

522 on.O '

23 But th basis for this being different than the I
,

24 Denver situation is, as I understand'it, two-fold. One, the
Acs Federal Reporters, Inc.

25 injection pressures are much lower, and second, the geology is

|. '

L 3
'

|| 1, ,

,
u
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1 very significantly different.

'-2 MR. VAN POOLLEN: Yes, sir.

'

3 MR. KORNBLITII: We have heard some discussion of
O'

4 the fact that these boundaries could rupture if the pressure

5 were raised high enough. Can someone give me an order of mag-

6 nitude of the pressure increase that might be expected to bc

7 necessary?

8 MR. GRUY: I think that something on the order of

9 a thousand pounds would certainly be the range of hazard. We
,

10 had proposed only to go up to 150 pounds in this three-year
i

11 period.

'

12 MR. KORNBLITil: So at a thousand pounds your estimate'

O '3'th=e the ==gt=== uo=1d e=h= co==idereb1r 1==ser th=n the esti-
!

.,

,

14 ' mated lifetime plan to be reached?

15 MR. GRUY: It would depend upon the injection rate

16 but we certainly would not raise the pressure that high.

I 17 MR. KORNBLITII: The point was brought up this

18 morning when Dr.' Babcock was ques'tioning about the effect of
_

19 other people drilling other wells that go into this fault.

I

20 block. IIas any consideration been given to whether this is;

21 really a potential problem and whether so, would be desirable

22 to prevent -- .

23 MR. GRUY: It does not appear to be a potential

24 problem because this fault block has been explored. It is not
AceJedtrol Reporters, Inc.

,

i- 25 productive, probably becauce of the fact that it has been sealed

i

i.
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1 so long that oil or gas could not get into it. There is no

2 reason to suspect that anyone would want to drill a well in

3 here in scarch for oil or gas or any other known minerals.

O '

4 There is no reason to suspect that any plant in the

5 area is going to want to dispose in this same block. Certainly

6 it could be prevented before the regulatory boddes if someone

7 should request permission to do so.

8 MR. KORNBLITII: Do you happen to know who would have

9 authority to permit it.

10 MR. SIIELLEY: I will ask Mr. Irvine to confirm this,

Il but I believe in the state of Oklahoma the --

I2 MR. IRVINE: The Corporation Commission of Oklahoma

) 13 hac centrol of the disposal of materials, particularly salt

14E water. That is oil and gas brines. Then of course the Okla-
r

15 homa Water Resources Board would control anything that had to

fdo--anythingthathadtodowithdisposalofothermatters16
i

| that might affect surface waters, or I mean underlying fresh17
|

18 waters.

19 MR. KORNBLITil: So there are agencies that have

20 appropriate authority to prevent this?

21 MR. IRVINE: Yes, sir.

22
( CIIAIRMAN FARMAKIDES: Does the Staff counsel --

23 did you confirm on that?

24 MR. KINSEY: We will accept the' statement of
Ace-Fedarof Reporters, be. |

25 Applicant's counsel.

i
i
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I CHAIRMAN FARMAKIDES: 'It is a little unusual to have
''2 the legal arm testify but we assume that this is correct.

3 DR. BABCOCK: I have one final question of Mr. Gruy.
g

C 4 If you will turn to page 12 of the May 1, 1972 report. Near

5 the bottom of the page I will read only one sentence but it

6 may be that more than one sentence should be read for a completo

7 understanding of it. That sentence is: "All calculated points

8 in this case are from zero point four to zero point six pounds

9 per square inch below those calculated without leakage."

10 Mr. Gruy, can you tell me what that means?

II MR. GRUY: That means that with the leakage at

12 one-tenth of a millidarcy you would calculate a lower pressure
|

O '3gofseinefeertegains.sixgeende1ewerthenveuce1culeted
b

Idfwithnopermeabilityatthebarrier.
!

i

15 DR. BABCOCK: Now let's turn to figure 14. Let's

16 take the 115-hour point. I believe the record is talking about

I7 the different between the point labeled "X" and the points

18) labeled with a triangle, is that not correct?

I9 MR. GRUY: Yes, sir.

20 DR. BABCOCK: What is the difference for the

21 ll5-hour point?

(v]
22 MR. GRUY: About half.a pound.

23 DR. BABCOCK: Now let's turn to the 15-hour time.

24
Ace-Federol Reporters, Inc. | What is the di.f ference there?

9

25 MR. GRUY: The 15-hour time?

I
!

li -
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1 DR. BABCOCK: Yes, sir.

2 MR. GRUY: That looks like it is a little in excess

3 of a pound.

'# 4 DR. BABCOCK: Maybe about a pound and a half?

5 MR. GRUY: Right.

6 DR. BABCOCK: In other words, that point is severely

7 outside the zone that you said that all points were within?

8 MR. GRUY: Yes, sir, but we were considering the

9 late-time region after the break in the curve. The statement

10 is inaccurate as to meaning all. In the early-time region

11 we did have this greater difference.

12 DR. BABCOCK: I infer that that that word "all" then

() 13 is not correct.

14 ( MR. GRUY: Not correct, yes, sir.
4

15 fi DR. BABCOCK: Now you get down to the next sentence
a

16h and it says to the 115-hour should the -- in time the standard' ''

|
17 | deviation and so on.-In other words, I infer that that you

!i

18|werecompletely'happywithallpo'intsuptothe115-hourpoint.
-

I

19' MR. GRUY: Our calculation of the standard deviation

20 at that point -- I don't know why that statement was made and

21 why the ll5-hour point was used. I think we stopped the run

22 there and I don't know why. But the standard deviation between
b(~x

23 the curves was calcualted as it says there.
|

24 DR. BABCOCK: But just a little while ago you told
,

Ace.FM,ro! Reporters, Inc. I

25 h me that this point 4 to point 6 was supposed to apply to the
II !
c i

I!
||
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jeri 8 1 late times but in the next sentence it says it applied more

"2 appropriately to the early times.

3 MR. GRUY: This next sentence just gives the facts

O .

4 of the standard deviation fit of the curves themselves.

5 DR. BABCOCK: But Mr. Gruy, the sentence above that

6 says "All calculation points." Then you selected a range with-

7 in the "All". calculated points to say "This is a better ra'ge"n

8 for some reason.

9 MR. GRUY: This is just a statement of how the

10 curves fit and what the devistion of the curves was under the

II two conditions, the standard deviation of the two curves. I

12 admit that the "all" shouldn't be there. It should say "all"

O I3 in the 1 ee-e1 e ree1on.

I4 [ DR. BABCOCK: I think that is all I have, thank you.

15 MR. KORNBLITII: Mr. Gruy, I refer you to your curve

16 having -- 8 in your testimony, exhibit G-8. Looking at the

I7 points that you have_ plotted from your calculations, they all

18 seemto}followa.smoothcurvewhichdiffersalittlefromthe
I9 crosshatch-measured curve but nonetheless there is a smooth

20 curve except for the 15 and 25-hour points. Is there some

2I explanation for why a calculated curve that I suppose was

22 calculated from some well-behaved function would behave like

23 this?

24 MR. GRUY: That is some near-boundary effects that
Ace Federal Reporters, Inc.

25 we could never figure out exactly what it was. We didn't work

i .

-
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I on it long enough to know what that is. But the things that
.

2 we did to try to bring that part of the curve further in line'

3 through the other part of the curve further out-

} 4 MR. KORNBLITH: One other question. In one of your
!

5 earlier curves, or I guess in your original submission, you'

6 talked about the standard deviation of your best fit curve

; 7 being point 55 or point 75 psi different.from the measured [

8 curve. I have always in the past seen standard deviations

'

9 associated with numbers that are in some respect random where-

!
,

10 as in this case there seems to be a systematic difference be-
J

11 tween the two curves in that one is lower in one region and
,

'

12 higher in the other and they are both well-behaved curves.

(]) 13
' What is the significance of using standard deviation ,

I
j 14 in.this respect?

15 MR. GRUY: Well, I think that the lower the standard
|

| 16 deviation the better agreement you have overall~ and it is the
;

17 method that we use. We attempt to get the standard deviation

].

18 within the accuracy of the instrumentation if possible. If you1

.

' 19 have two solutions, both within the accuracy of the instrumen- ,

i
20 tation, then you' don't know which one is right.

21 DR. KORNBLITH: If you had wanted to you could have

22 adjusted your curve so that the , standard deviation in the early-y

; 23 time period was much less at the sacrifico of the later time

l 24 period or vice versa. Is there some reason for taking the
,

Aes Fedarol Reporters. Inc.h

25 standard deviation of the whol curve rather than the part that :

i

e t

> .
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l of most interest in focusing on that?

2 MR. GRUY: Well, we think it is all important for

3 different things. You see different things at different parts
OV 4 of it. We try to fit the whole curve to the lowest standard

5 deviation.

6 CIIAIRMAN FARMAKIDES: Do you have redirect,

7 Mr. Irvine?

8 MR. IRVINE: No, sir, I have none.

9 CIIAIRMAN FARMAKIDES: Gentlemen, thank you very

10 much. You have been most helpful. You can see we are trying

Il to exploro in depth your analysis and we will do the same with

12 that of the Staff. At this point I think what we will do is

O '3Qeo arocees with -- t.he' -eas voer air-c' c- , ar 11 1" , -
1.

I4hIcorrect?
11
0

15 d MR. IRVINE: Yes, sir.
4

16 CIIAIRMAN FARMAKIDES: We will proceed, then, with
|

17|the Staff. Thank you again.
,1

18! MR. I'RVINE: Do you want to rule as to exhibit 4 now
,

19 or do you wish to reserve that further?

20 CHAIRMAN FARMAKIDES: Yes, I think we will rule.

21 The Board does not need it and, of course, the Applicant may

22 withdraw it. I would appreciate it very much, however, if the

23 panel would stay until after the Staff's direct case if

24 that is at all possible.
A&Fedsral Reporters, Inc.!

25 MR. IRVINE: Yes, sir.

I

b
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. ._



,
. _ = _ _ _ . . _ . _ - . _ . _ - _ - - - - _ . _ _ _ _ _ _ _ - - . . _ _ _ _ _ . _ _ . . _ . _ - . _ _ _ _ _ - _ . .._

-; i,
i

; .jeri 11 ;

,
281

J

A

!
*

t

1 CIIAIRMAN FARMAKIDES: Thank you.;

;

i 2 (Witnesses excused.) 4.

,

{_ 3 MR. KINSEY: Mr. Chairman, may we have a five- !

i'

4 minute recess?
i

! 5 CIIAIRMAN FARMAKIDES : Yes. i

1

4
:

! e6 6 (Recess.) t

'
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#7 mm1 I MR. KINSEY: Mr. Chairman, if there is no objectiota
cr2803

Dennis (H.)~ the Staff would like to present all four of its witnesses
'

3 as a panel.
O

l 4 MR. IRVINE: No objection.

5 MR. KINSEY: Beginning from my left, the panel

6 consists of Mr. John Robertson of the U.S. Geological Survey;

7 Dr. Donald Warner, Professor of Geology at the University of

8 Missouri at Rolla; Mr. Donald Nussbaumer of the U.S. Atomic

9 Energy Commission; and Mr. George D. DeBuchananne of the U.S.

10 Geological Survey.

II At this time, Mr. Chairman, may I requei that you

12 swear the panel.
!

I3 Whereupon, .

!!

14 || JOHN ROBERTSON
|

15 ] DONALD WARNER

16 ,| DONALD NUSSBAUMER
i

I7 h GEORGE D. DE BUCHANANNE
d

M J were called as witnesses on behalf of the Regulatory Staff,
,

I9! and having been first duly sworn, were examined and

20 testified as follows:

21 DIRECT EXAMINATION

/' 22
N,TXXXX MR. KINSEY: Mr. Nussbaumer, -I hand you Staff

/

23 Exhibit A.

24 Would you please identify this?
Aes-Fedtral Reporters, Inc. ;

25 | MR. NUSSBAUMER: This is my testimony in the matter
,

I

|| -
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5

t mm2 I of the Kerr-McGee Corporation application for amendment of
i

*-2 its source material license.
-

I 3 MR. KINSEY: Are the statements contained therein
O 4

j true to the best of your knowledge?
.

i 5 MR. NUSSBAUMER: Yes, they are.

] 6 !!R . KINSEY: Dr. Warner, I hand this to you as
!

7 Staff Exhibit B.

! 8 Would you identify it, please?
i

i 9 DR. WARNER: This is my testimony in the matter

10 of the Kerr-McGee Corporation application and in addition

II includes several evaluations which I had donc previously i

1

12 for the Atomic Energy Commission.

O 'a y MR. =INSEY: are the cemec=cnes ==neatn=e thc=c1=

| I4y true to the best of your knowledge? -

t
! j '
j 15 ' DR. WI"NER: Yes, they are.

(
16 MR. KINSEY: Mr. R5bertson, I hand you Staff

I7 Exhibit C.
'

,

lq
18

| Would you please identify that?
,

l9 MR. ROBERTSON: This is my written testimony in

20 the same hearing regarding analysis of the use of numerical

2I methods.; ,

22 MR. KINSEY: Are the statements contained therein

23 true to the best of your knowledge?
,

24 MR.ROBERTSON: Yes.
Ace Fedrol Reporters, Inc.

25;. MR. KINSEY: Mr. DeBuchananne, I hand you Staff,

,

l|
#
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mm3 1 Exhibit D.

'-2 Would you identify it, please?

3 MR. DE BUCl!ANANNE: This is a statement of qualifi-

O '

4 cations of George DeBuchananne of the U.S. Geological Survey.

5 MR. KINSEY: Mr. DeBuchananne, have you read the

6 testimony of Dr. Donald Warner?

7 MR. DE BUCIIANANNE: I have.

8 MR. KINSEY: Do you agree with the statements contained

9 therein?

10 MR. DE BUCHANANNE: I do.

II MR. KINSEY: Would you adopt those statements as

12 your own?

O i31 MR. DE aUC: ANANNE Yes.
I

14 MR. KINSEY: Do all four of you adopt the statement

!15 contained in your' respective testimony as your own in this

16 proceeding?

17 MR. ROBERTSON: Yes.

18 DR. WARNER: I do.
,

I9 MR. NUSSBAUMER: Yes.

20 MR. DE BUCHANANNE: Yes.

2I MR. KINSEY: Mr. Chairman, I move the testimony

22 and attachments be admitted into evidence at this time.

23 CIIAIRMAN FARMAKIDES : Any objections?

24 MR. IRVINE: No, sir.
Ace Fedarol Reporters, Inc.

25| CHAIRMAN FARMAKIDES: They will be so received.

h
il
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mm4 I (The documents referred to were
i t

2 marked Staff Exhibits A thru D'for

3 identification, and received in

O 4 evidence.)

5 MR. KINSEY: Mr. Nussbaumer, would you briefly

6 describe your testimony for the Board?

7 MR. NUSSBAUMER: My testimony summarizes the geologio

8 evaluations made by the consultant to the AEC in this matter.

9 It discusses the radiological nature of the wastes to be injected;

| 10 into the Arbuckle formation as well as the geological

Il characteristics of the formation water itself, and states the
.

: 12 conclusion of the AEC Staff in this matter, which is in essenco
'

1

() 13h that we du not believe enough is known about this compicx
!!

Id formation to know how the waste will behave in the formation

15
| in order to support a conclusion that the waste will bc

|16 adequately contained.1

, i

| 17 We feel containment is necessary because of the
,

!

18 concent}rationsofradium226,whichistheisotopeinprinci-
19 pal concern, which concentrations exist at levels significantly

20 in excess of the standards for such concentrations in

21 unrestricted areas.

22() Also, the concentrations of activity, again
>

23 radioactivity in the brine water, are in excess of the

24 standards for unrestricted area concentrations of radium,
j Act fedsrsl Reporters, Inc.

"

| 25 This information being necessary to demonstrate that the

i
.

;

! i
l

li
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mz wastes must be contained in order to protect public health and

2 *safety.

3 Finally, that in the absence of being able to find

O 4 '

that the wastes will be contained, we are unable to support a

S position o f approving the application for the Kerr-McGee

6 Corporation.

7 MR. KINSEY: -Dr. Warner,would you briefly summarize

8 your testimony?

9 DR. WARNER: In my testimony specifically prepared

10 for this hearing, I discuss some general aspects of the mathe-

II matical modeling of subsurface hydrologic systems, the site

12 geology of the Kerr-McGee site, the reservoir model developed

O '1 by the um-Mcc= corpmum ==u===, th= a==u= of
!i

34 [ recovery of the injected waste water and some aspects of

15 monitoring of the' injection well if it should ever be operated

16
.

In addition to this specific testimony, my testimon:-

|
I7

| which has been incorporated into the record, includes three
i

18 previous reviews of material concerning the application which

19 were not prepared specifically for this hearing.

20 MR. KINSEY: Mr. Robertson, would you briefly summar:.ze

21 your testimony?

22 MR. ROBERTSON: My testimony, starts off with a

23 description of mathematical modeling, computer modeling, as'

24 applied to underground water systems, the usefulness of this
ActFedsrol Reporters, Inc.

25 tool, and also the limitations.

J
il
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I

[ hen goes more specifically into the specificIt
~

2

model used for the Kerr-McGee well and an evaluation of some
3

() of the shortcomings that may be inherent in such a use on a
4

specific problem of this nature.
5!

The principal shortcoming!

h or source of limitation66
'

in the application of this type of modeling in this problem wo 21d7

be a lack of data at any other point other than the disposal
8

There are many -s+ou/f 5vwell.
rces of data used in this model and """

9 pliekte n
only one. point.

10
MR. KINSEY: Mr. Chairman, the panel is now availab Le11

for questioning.
t

12 I
h

,,0 CHAIRMAN FARMAKIDES: All right.

() "'

CROSS-EXAMINATION
14: ,

p MR. IRVINE:
15 l

Mr. Nussbaumer, you have writtenI

y your report here and apparently from what I can see and from
16 !

-

what you have stated, the information that you have put into:

17 L

18 J| this report is based upon Staff information, or checking by
j

| other parties which you have merely assembled and put together
19!

in a report.,

20

21 |4 Would that be a fair statement?
MR. NUSSBAUMER:

22'i
Some of the information, the data

r3 on the radium concentrations and s'o on, are taken from the(_/
23

Kerr-McGee application which was filed.
'

24-
Jed:rol R,porfm. Inc. *

Y # Y250
y

anyone under your supervision and control has made anyi
L' .

N
n .
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mm7 I independent checks of this data?
2

By that I mean you have not made any independent --
3

you have not put it through a laboratory or checked it inim

C 4 that fashion?
5

MR. NUSSBAUMER: No, to the best of my knowledge
6 they haven't.

7
MR. IRVINE: I call your attention to page 6 of

8
your testimony there and in the only full paragraph that

9
appears on th& page, you have indicated in the second sentence

10
there, "For example, Applicant assumes the five disposal

II
, zones comprising the Arbuckle formation to be homogeneous,

12
isotropic and constant in thickness, porosity and permeable,

f'1 I3d Thernrnre, the tcycment of 1.he waste water trom the well boreV
I!

I40 can be accurately calculated. It is the Staff's position0
15

based on the analysis of core samples from the Arbuckle
i

16( performed by the Applicant that there is a significant range
i

I7
of permeabilities within the Arbuckle which would preclude

I8| accurate calculatilon of fluid migration. "
t

I9l
.

Then you quote a statement from a Mr. Schneider,
20

; apparently in a letter dated July 13, 1970.,

i

21

Now this information concerning the core samples
i

22
apparently is that which was submitted in the original

a

23 '

application which was withdrawn, isn't it?
24

MR. NUSSBAUMER:.-Fedirol Reporters, Inc. g I believe that may be the case, yes,
25 {| 24R . IRVINE: Have you or your staff examined the

'
i
i

6

. - .
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mm8 I
hter information that has been submitted in connection with

j 2 the radioactive tracer or radioactive tracing which would
3 determine the permeabilities and the places where the water
4

. entered the formations.
5 MR. NUSSBAUMER: Yes, I believe Dr. Warner has

! 6' evaluated that information.
i

7 IMR. IRVINE: But you apparently did not secure that
! 8 evaluation prior to your testimony here or you did not conside r
4 9 it in preparing your testimony?

10
MR. NUSSBAUMER: I think it was considered, but,

1

{ II
the earlier information was used merely to show the range!

I2
. of the permeabilities that had been previously reported.

. 13
MR. IRVIME: When you speds' of the range or permen-

) 14
bilities within the Arbuckle, are you speaking of the range!

'

15 of permeabilities- throughout the entire Arbuckle zone or
f 16 formation?
4
i

! I7
MR. NUSSBAUMER:

i
I think as the statement indicates,

18
the range is determined from the core samples that were taken,6

,

' I9
so whatever theysculd represent would be what the range is

20
supposed to cover here.

21
CHAIRMAN FARMAKIDES: I am sorry, sir. I didn't

22'

O hear that last remark. You sort of fell off and I missed.

i 23 the last three or four words. '

i
! 24

MR. NUSSBAUMER: I was saying the range of; +Fedwal Reporters, Inc.

! 25
permeabilities indicated in the statement were determined from

''
,
,

. _. _ ., - .._._ - ,_._. - _ __ , , . _ _ _ . . , _ _ _ _ _ , _ . , - , . _ , _ _ , _ , . ~ . , _ _ , - , _ - . , _ _ _ , _ , . , . _ . _ , . _ , _ _ _ . _ . . . _ _ .-
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mm9 1 core samples taken in the Arbuckle range so that to the extent

2 that the core samples were representative of that range then

3 they would represent the entire range.

O 4 MR.IRVINE: So that you are not aware of whether

5 the range of permeabilities are limited only to those forma-

5 tions which have been testified to as having available

7 permeability for the entry of water, or whether these not only

8 include those but also more impermeability zones than the

9 Arbuckle which were also cored?

10 MR. NUSSBAUMER: I think the assumption here is

Il that the cores that were taken were meant to be representative

12 of the Arbuckle range so that one would get an idea of what th e

O '3'; re==eab111 tier wou1d be. .

I:

14 d MR. IRVINE: But you are aware of the testimony,

ji
15 j are you not, that there are a limited number of zones which

4
16 | water would enter into?

17 |||| You have heard the testimony of the other witnesses .

I
I

I8! MR. NUSSBAUMER: Right.

19 1 MR. IRVINE: So that as a matter of fact, the fact

20 that there may be a significant difference in the permeabiliti cs

21 in the Arbuckle formation really has little or not bearing

22 insofar as the formations into which the. water would enter,

23 isn't that correct?

24 MR. NUSSBAUMER: I guess I can't answer that questi on.
-c. Federal Reporters. Inc.|

25| It is a little beyond me in terms of the geological aspects.

1'

!! -
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mml0 I DR. BABCOCK: May I interrupt to ask a question?

2 You are using the term "Arbuckle formation."

3 You, Dr. Nussbaumer, are using the term "Arbuckle

O 4 Range."

5 Is there any divergence betwoon t.he hwo? Are

6 those terms synonymous?

7 MR. IRVINE: I think in the sense that both

8 Mr. Nussbaumer and I are using them, they are synonymous.

9 We are speaking of the overall Arbuckle formation or range.

10 DR. BABCOCK: Which is 1000 feet thick? '

II MR. IRVINE: Yes, sir.

I2 CIIAIRMAN FARMAKIDES: I would like to have an

O lai; enswer re cher euestion. verhege ene gene 1 cen enewer it,
.t

I4 and there is no reason why the panel cannot consult.

15 I thinli it is a fair question and it certainly goes
16 to the testimony put in by Dr. Nussbaumor.

,

I7 MR. KINSEY: Mr. Chairman, could we have the question
.

18
"

i read back?
,

19 (Whereupon, the reporter read from the record,

20 as requested.)

2I Cl! AIRMAN FARMAKIDES: Did you understand the question,

O ' =ir? ~-

23 Did the panel understand the question?
24 DR. WARNER: I will be glad to try to answer the

wee-Fedsrol Reporters. Inc.

25| question, but I am not exactly sure what it is that you are

I

||
a
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I
l mmll I interested in, Mr. Irvine.

,

2
] I understand the problem in the fact that

3 Mr. Nussbaumer constructed his notes including data which,

i O .

4j are not presently part of the record, but I don't understand

5 exactly what the problem is with regard to that.
1

| 6 MR. IRVINE: Well, Mr. Nussbaumer's statement -- |

|
| end #7 7

i
j 8
';

9

10

11

,
12

.

!O 19
' '

ii 14 l
J I ,

'
!i w

I

i 15!
l a

$

!.| 16 '-

,

|'

; 17
|

-

i
4

18
.

| 19
i

-

20
i

i
21

i

|O ' -

J

; 23
i

1

; 24
|-te-Federal Reporters, Inc.

,

'

i 25
;

I

j

| ll
! ||
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I CIIAIRMAN FARMAKIDES: Perhaps you could reframe18
2803

2 your question, sir. Evidently there is some concern that

3 they don't understand the question.

O d Could you reframe it?

5 MR. IRVINE: That is what I am trying to do now.

6 Mr. Nussbaumer has referred to the fact in his

7 statement here that the analysis of core samples from the

8 Arbuckle performed by the applicant -- that there is a

9 significant range of permeabilities within the Arbuckle which

10 would preclude accurate calculation of fluid migration.

II
My question is, is he speaking of the core samples

12 and the permeabilities that have reference only to the
!

I3 zones into which it has been established that water will
:,

N enter by radioactive tracing, or is he speaking about
t

15 permeabilities revealed by cores taken throughout the

16;I Arbuckle zone, of which it has been testified there is a
'

I7 significant permeability?
'

18
,

DR. WARNER: May I try to make an interpretation
'

of what Mr. Nussbaumer has said here and then ask for his
20

concurrence if it is correct?

2I Cl! AIRMAN FARMAKIDES: Well, I think it --

22 DR. WARNER: Well - -

23 ClIAIRMAN FARMAKIDES: Excuse me, sir. I think the

D" " # "" "* **@ "e ,rede.at Reporie,i, n.

25i A or B. The question goes: is it A or is it B, as I under-
!

L

li -
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|

I stand Mr. Irvine.

2 If you cannot answer it, I would be curious why

3 not. It is one of-two options that the Council has proposed.

(
4 .Unless, of course, you are suggesting that neither of these

5 two options is correct.

6 If that is the case, then so state.

7 MR. NUSSBAUMER: May I have the question back?

]

8 (The reporter read from the record as requested.)

I 9 MR. NUSSBAUMER: I believe the statement is

'
10 speaking about the Arbuckle zone in general.

Il MR. IRVINE: So that insofar as the -- there is

i
12 no comparison here in your thought with the limited zones

~ O iaP - - c b--- ~-- - - - -- "c --<-- ---4ns. it wou1d
J li -

'

14 i be the ones which would accept the water?

I4

: 15 MR. NUSSBAUMER: That's correct, sir.
i

16 MR. IRVINE: I would like to direct your attention

17 to page 8 of your testimony, Mr. Nussbaumer, please. In the

'
'

18 first full sentence appearing on that page, which in the third
. . ;

| 19 line starts "The concern here is that this brine containing j

20 radium being incompressible will be displaced in equal !

i

; 21 amounts to the amount of waste injected." :

|

22 Now, is it still your testimony in view of what
[},

| 23 you have heard today that the brine or the water or liquid |
I,

; 24 in the formation, the liquid being put into the formation,
Ace Fdyal Reporters, inc, ;<

; 25 are still incompressibic?

I.
'

i, i

11>
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1 MR. NUSSBAUMER: No. I think there apparently is

2 some compressibility. The statement was intended to

3 indicate that the brine would have to be displaced by the

()'

'

4 injection fluid and, therefore,'if the boundaries do not

- 5 exist to control the migration of the fluid that the brino

6 would then move out in advance of the injection fluid, and

7 that this brine already has a radium concentration in excess

8 of the standards for unrestricted areas and, therefore, if it

9 did leak out you could have a problem from this material in

10 the absence of any problem from the raffinate wastes.

11 MR. IRVINE: Do you have anything in the Staff

12 reports that you have received or the material tha't you have

() 13 rcccived that uould indicate the probability of ruch on

!!

14 P escape of this material or such a migration of this material
d
4

15'i within the confines of the fault block which is under
||

16 |; discussion here?
i

17 MR. NUSSBAUMER: I don't believe the application
i
b has any information on the probability of the material

18|
19 leaving the fault block.

20
,

MR. IRVINE: Have you or have any of the people

21 on your staff or any of your consultants made such a study?

22 MR. NUSSBAUMER: No,,we have not attempted to{}
23 determine independently the probability of this material

24 leaking at the fault block.
A<s Federal Reporters, int

|
25 MR. IRVINE: In v'iew of the additional information

'
i

,

!I

i:
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d i

I that has been sWomitted as evidence in this case, and which
,

*
,

2 I believe you and your staf f were furnished copies of ahead |
'

4

3 of time, do you still believe, as you state at the bottom of
.,

;

i () page 8, that there has not been adequately shown that faults4e

1

1

i 5 exist within 1200 feet northeast of the well and approximately
1

! 6 five miles southwest of the well?

I 7 DR. WARNER: If I were being asked to answer in
.

,

j 8 this case, the testimony which I have already introduced in
i

| 9 writing and the general content of the reviews and reports

i, 10 that I have previously submitted would stand unchanged.
'

11 MR. IRVINE: Dr. Warner, I would like to call ,

i
: 12 , your attention to the December 22, 1972 letter which you

'

I.

() '

13 wrote to Mr. Mallaro. ..
,

t,

.
14 In the fourth paragraph thereof you state as ,

.

}
!

|
15; follows:

I
! 16 "After considering all of the presently available
i

17 information it is my opinion that in the absence of any more
i

18 as a practical alternative Kerr-McGee should be allowed to
i

19 use the well that they have constructed for injection of
i

j 20 up to 50 million gallons of waste water with no foreseeable |
!

; 21 significant hazard to the environment or public health."
l

22 MR. KINSEY: Mr. Cha.irman, could the record
(]}

i
i 23 reflect that the word pronounced as "should" was "could"?-

| 24 MI3. IRVINE: I am sorry. Kerr-McGee Corporation |

| Ace-Federal Reporters, Inc.

; 25; could. I bog your pardon. Could be allowed.
\| s

o

l. _ _ . _ _ _ _ _ ' . _ _ _ . . _ _ . - ~ _ . , _ _ , _ _ _ . _ . _ . . _ _ _ _ . _ . . _ . . _ .
-

a
- , _ . , _ . _ , _
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I Dr. Warner, in fairness, thereafter you make

2 several recommendations about monitoring wells.

3 DR. WARNER: That's correct.

4 MR. IRVINE: Will you assume, please, that

5 either monitoring by wells as you suggest or monitoring by

6 model as Kerr-McGee suggests is a satisfactory solution and
,

7 one of them is in effect?

8 Based upon what you now have heard, do you still

9 subscribe to that statement?

10 DR. WARNER: Do I still subscribe to the conclusion

II that I reached in that letter?

I2 MR. IRVINE: Yes, sir.

O u
'd y DR. WARNER: That particular paragraph that you

I4 quoted?

15 MR. IRVINE: 'Yes, sir.
$

16 DR. WARNER: Yes, I do.

I7 MR. IRVINE: Then.you feel that it would be safe;

18 for Ke.rr-McGee provided proper monitoring is done, to insert

19 some 50 million gallons of waste water with no foreseeable

20 significant hazard in the environment or to the public health?

2I DR. WARNER: Yes, that's correct, but I would like

22 to point out -- and, as'you read in tha't paragraph -- that

23 I qualified that by indicating that in be absence of any better

24
Ace-Fedwol Reporters, lac I practical solution to the problem.

25 MR. IRVINE: Do you know of a better practical

c
i

I
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I solution at this time?

2 MR. IRVINE: Do you know of a better practical

3 solution at this time?
4 DR. WARNER: No, sir. I am not suggesting any-

5 thing. That is not within my area of expertise to look at
,

6 the alternatives. I was simply stating that the intent --

7 the general tenor of the letter was that if there were no-

8 better alternative I felt that this could be done without any

9 significant hazard, as I indicated.
10 However, my feeling is -- and it is expressed in

II a number of other places -- that the geological conditions

12| there are sufficiently complex so that in the long term there

O E
13 is some potential for movement of i.he fluid from the

n

14 p, particular zone in which it is intended to be confined or
4

15 fl in fact the brines which are presently confined within the
3

16 | reservoir.
?

17 '| Therefore I qualified that -- the feeling that
i

h18' they c,ould be allowed to use it by relating it to a specific
,

19 volume of water rather than saying in general they could be

20 i allowed to use it without any foreseeable hazard and so forth .

21 MR. IRVINE: The 50 million gallons figure that

22 you used was in f act the request of Kerr-McGee for the amount

23 they could put into their -- or the amount that they should,

24 be allowed to put in for a five-year period, was it not?
i

4e-Fedsrol Reporters, Inc. lj ,

25 h DR. WAIU1ER: Well, my feeling was it is not
,i
i

;
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I related to time but rather to volume. So I'am, therefore,
i

qualifying my recommendation or my belief with regard to .

2

3 volume rather than time.gm '

\~) '

4 MR. IRVINE: Would the time of five years to
i

insert 50 million gallons of waste water in there be one j
5

6 which would be acceptable as far as you are concerned?

7 DR. WARNER: Insofar as I am aware, yes. The only

8 thing that could change that, of course, is -- and I believe

if you would examine the entire letter that it further9

recommends that this monitoring program be in effect and if10

the situation would appear to change during this five yearsIl

12 then, of course, my opinion would change,

c__; I believe this HCG alco been the tentimony of the;

33 [
14 Kerr-McGee Corporation witnesses, as well,

i
MR. IRVINE: In other words, Kerr-McGee agrees

15 ]h
16 , with you that if there is any change there would need to be

b

17 '.g
some readjustment; right? That is your understanding of theil

18 testimony?

DR. WARNER: Yes.

20 CIIAIRMAN FARMAKIDES: Let's be clear that the

21 record shows that the letter thatyou have reference to,

22 Mr. Irvine, is attached to the. testimony of Dr. Warner, as()
23 are two other letters.

We have assumed that all those letters are part of24
Ace Federal Reporters. Inc.

25 the testimony. Is that correct, Mr. Kincey?'

h

0
i

__
_ - _ _ _ _
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I MR. KINSEY: That's correct. }

CHAIRMAN FARMAKIDES: All right.2 *

3 MR. IRVINE: Mr. Nussbaumer, have you or your

I should4 ~ staff ever suggested to anyone, or to Kerr-McGee,

say, permitting the use of the ucl1 with adequate monitoring5

6 as suggested by Dr. Warner?

7 MR. NUSSDAUMER: To my knowledge, we have not, no.

8 That was not part of the application that was filed.

9 MR. IRVINE: What do you mean it was not a part

10 o.f the application, sir?
II MR. NUSSBAUMER: I don't believe the application

for the deep well disposal suggested a limited disposal12
,

O period or limited volume of waste material.
'

13

I4 MR. IRVINE: Would it not have been within your

15 h purview, however, to have granted the license so limited, or
.

16 within your authority to do so?

17 MR. NUSSBAUMER: Yes, we have the authority to

I8! impose any conditions we think are appropriate on licenses

39 we issue.

20' MR. IRVINE: Dr. Warner, along this same line, in

21 your written testimony you have now, as I see it, at least,

22 indicated a change in your mon'itoring. As I read your letter

23 of December 22 and the previous information that you had put'

in, which is attached to your testimony, you had indicated24
ActFedsrol Reporters, Inc.

25 three monitoring well.a or three wells to be drilled in
!

!

h
11
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1 additi.on, to the one already drilled, one some several thousand

2 feet to the north, to determine the existence of the north-

3 west fault -- northeast fault, the.one we call the Webbers
'

4 Falls fault, a second one to be drilled to the top of the

Arbuckle some 500 feet or so to the north of the presently5
' +/ ,

_

,

existing well, and a third one to the southwest several6

thousand feet away which would be drilled.and completed in7

t

8 the same fashion as the present well.

9 As I understand your present testimony, you have
>>

dropped the need for a weil -- the first well that you10
.

t

11 would suggest drilling. I see nothing in the testimony that'

12i would require that'now.

13 DR. WARNER: . That was unintentional. I didn't

14 intend to bconvey '. hat e impression. I think I have repeatedly

15 |- said that there isn't anything in any.of,ny written

16 testimony so far that I wouldretract.

17 ,, If I gave that impression it was incorrect.
I

My recommendation as it was given in the letter of18

19 December 22 is -- still stands. In other words , the one

.
>

20 well is not for monitoring purposes. The well that was to
4 *,

,

21 be drilled for stratographic information was simply to
st /

22 determine if a fault it) fact existed between that well --: .

' cye
23 between that stratographic test and the injection well.

~

24 Now, the other two wells were for monitoring'

Ace. Federal Reporters. Inc. ..

{ purposes.25

: i
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I It was my concept, although it is perhaps not

2 expressed, that this stratograhic hole would -- well, it s

i

might -- if someone wished to it could be left open and f3

used for a monitoring well besides, but I don't believe I fd

5 used that as part of the recommendation in my December letter.

6 In any event, I have not changed. That was a

very thoughtful recommendation and I haven't changed my7
,

8 opinion.

9 MR. IRVINE: In your letter of December 22 you

10 recommend in'this so-called strathole, the one that

II would be drilled some 2000 feet to the north of the present

12 swell', that that be drilled on the first marker bed.

O k
Uy That, of course, could be one of sevez.al beds

4
Id' which are well known in there which would give you the

15,
.

information, the wapanucka, the viola or something of

16 this nature is what you had in mind, wasn't it?
t

I7 DR. WARNER: I was leaving the option open toj

I0 the Kerr-McGee Corporation to select whichever one they

I9 felt was adequate.

MR. IRVINE: You indicated also in there that20'

21 if that marker bed were not found at the location predicted

by Kerr-McGee's geology, that this well should be drilled22

23 on to full depth. Is this still a part of your recommendation?

2 DR. WARNER: It could be. Again I would have left
Ate Fedsrol Reporters, Inc.

that open as an option, too, as to whether or not to complete25

I

h
il

'
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that well as a deep test or whether to . simply plug that andI

drill a deeper well at the third site that I recommended.2'

,

!

| 3 MR. IRVINE: I would like, if I may, at this time,
!

to call on Dr. van Poollen as the expert to question4

Mr. Robertson about several matters in his testimony.5

6 CIIAIRMAN FARMAKIDES: Does the Staff have any

7 objection?
1

8 MR. KINSEY: No objection.

9 CIIAIRMAN FARMAKIDES:
The Board will accept that.

l

.

10
., :d 8

,

2803
11

12

; O i3j!

14

i

15|

; 16 :

I
'

t.

17 j
i, -

.

18 i - .

i

r

19

20

!

21

- 22 .

.i

23
! !

] 24
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1 MR. VAN POOLLEN: Mr. Robertson, I would like to

Thererefer to your testimony on page 4, the second paragraph.2

you make certain statements about the use of the equations and3
_

consequently the use of the model that was used by Gruy and
-

4

5 Associates. I wonder if you would like to expand on that a

6 little further.

7 MR. ROBERTSON: The complete second paragraph?
.

8 MR. VAN POOLLEN: Well, the whole thig is related.

First of all, you state that "Gruy's report states that one9

side of the equation solved by the model is 'a certain10

equation" which I presume was meant to be "Another equation"11'

put "P" was mistakenly left out in the Applicant's equation..

12

O MR. ROBERTSON: That particular matter wan cleared"

IJ q
..

14l up in yesterday's testirony and I do not agree with the way
|
f

15 I worded that statement at this point.

16 CIIAIRMAN FARMAKIDES: llow would you change your

i

17' testimony, sir, so that it is now accurate?

18 MR. ROBERTSON: All right, just a minute here.

19 I would strike the first,two sentences.

20 CIIAIRMAN FARMAKIDES: The first two sentences?

21 MR. ROBERTSON: Of that paragraph. I would strike

O 2 ehe eecond eeneence, ae 1eese.

23 MR. VAN POOLLEN: You are only striking the

24 second sentence?
AceJederal Reporters, Inc. '

25 j MR. ROBERTSON: Just a minute. Let me think a
i
'

l
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1 minute here.

2 The second sentence would be enough to strike.

3 MR. IRVINE: I beg your pardon, sir?

4 MR. ROBERTSON: The second sentence, I would strike

5 that. There was a misunderstanding relating to the common

ground water term used in these type of equations to common6

7 terms used in the petroleum industry.

8 CHAIRMAN FARMAKIDES: All right, the Board will

9 ' strike the second sentence of that paragraph, which is the

10 second full paragraph ori page four of the testimony of
.

II John Robertson. Proceed.

12 MR. VAN POOLLEN: Let's refer back to the first

O U"|] sentence,then."Another questionable error involves the iauthe-

matical equation used by Gruy and Associatos for the model.'"I4

15 What do you mean by "questionabic"?

I0 MR. ROBERTSON: The question is what is the factor

I7 |' "B" and how is it determined and how was it varied in the
I8 model. .

MR. VAM POOLLEN: But the way I would read this might'

20 imply possibly that it is incorrect yet? Do you still feel thi s

21 to be the case?

22 MR. ROBERTSON: I don't feel it is incorrect, no. I

23 don' t feel that the equation as stated is incorrect.

24 CHAIRMAN FARMAKIDES: Your point now, sir, as I
ke Federal Repcrters, Inc. ,

25 understand it -- let me clarify this for my own thinking. Your*

.
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Qpoint now is that with that second sentence stricken the1 r

2 problem here is ambiguity of the equation? And you: are then !

!

3 expounding on that in your paragraph?

4 MR. ROBERTSON: My problem is in the Gruy report or [
i

in the Gruy testimony or in Dr. van Poollen's testimony it is5

6 not clear what factor "B" is nor how that equation -- how you

can get a pressure direction from that equation, since that7

8 factor does not directly show a pressure term. These equations
'

are used to determine pressure directions with the points used9

10 to plot the curve.

11 CHAIRMAN FARMAKIDES: What is your conclusion from

12 that.

() n Wimre is a precourc term in that13 MR. KOuERT50H: ,

14 equation?

15 MR. VAN'POOLLEN: Did I explain this to you yester-
,

16 day or did I not?

17 h MR. ROBERTSON: Yes, that has been explained to me.
! .

18 MR. VAN POOLLEN: But you would still like to have.

,

this as part of your question, that'you question all of this?19

20 MR. ROBERTSON: Well, let me say it is not important.,

21 My testimony is not -- if it ended on that sentence, if it

() 22 would expedite the matter -- . r

23 CHAIRMAN FARMAKIDES: .No, we don't want to expedito

24 the matter. If that is your te'stimony then stick by it. If

Ace-Fedirol Reporters, Inc.i

25[ there is a problem with it and you want to change it, change

l
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1 it. There may well be a disagreement between yourself and

2 Dr. Van Poollen. So be it. But I don't want the expediency

3 aspect to get in to the hearing.rS
(J

4 MR. ROBERTSON: At this point I accept the equations

5 as written in the Gruy testimony, the mathematical equations,

which I suppose would -- to eliminate any ambiguity or infer-6

ence by the first sentence I would strike the first sentence,7

i

8 CHAIRMAN FARMAKIDES: So you would strike both the

9 first and second sentences?

10 MR. ROBERTSON: Yes.

II CHAIRMAN FARMAKIDES: I assume, Mr. Kinsey, this is

12]satisfactorytoyou?
O' 13 || MR. KINSEY: So long as the sentenced aie oLricken

o

h
I4ifwiththeexplanationasgivenbythewitness.

!!
I

15 CllAIRMAN FARMAKIDES: Yes. All right. We will
i

16 strike: sentences one and two of the second paragraph of page
,

'i
17 !j 4. Dr. van Poollen?

,

18 MR. VAN POOLLEN: I would like to ask you what is a
i ,

good number for "S" which you called the storage coefficient?l9

20' MR. ROBERTSON: I can' t answer that question for the -

21 Arbuckle formation.

() 22 MR. VAN POOLLEN: Would you give this for a formation

23 approximately 10 percent porosity at a depth of approximately

24 3000 feet?
|A d+dao'E*PS*"- '"- .

25 ,| MR. ROBERTSON: A number in the meynitude of j
!

! |
i

i
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1 point zero zero zero five would b'e --

2 MR. VAN POOLLEN: Thank you very much.
.

3 MR. ROBERTSON: This could vary by at least a factor

4 of ten or more from very similar formations.

5 MR. VAN POOLLEN: Thank you, I am aware of that.

6 That is all I had.

Now, you state that it is not clear to you how "S"
7

8 relates to the quantity 5 over "B" nor how "S" varios in the

9 Gruy model. Is this still a problem?
!

10 MR. ROBERTSON: Yes. It is not clear to me how "S" T

or the . actor /p|It'over"B" was there in the Gruy model nor how11

i

12 "B" would be determined at all.

C'- h
I5q MR. VAN POOLLEN: 13 0 you kasuw whaL "D" 137

,-,

14 'd MR. ROBERTSON: Yes. I can't give you a number for

h
15 it. I know what it represents at this point.

gi
16 MR. VAN POOLLEN: Would you state to me what it

I

17 1 reprocents2
r

18 !
. MR. ROBERTSON: It is called the formation volume

I9 factor, I believe, or comething like that. It reprocents the

20 ratio -- 1.ct me think for a minuto. As I understand it, it is

hfb%r61hMthe ratio of the volume bfMtorial of water in
*

21

22 the formation to the volume of water that would be on the

23 surface if that volume was brought to the surface.

24 MR. VAN POOLLEN: Could you give me a definition of
Ace Federal Reporters, Inc.q)j

25|4
| the word "storago coefficient"?

s

'
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l MR. ROBERTSON: The storage coefficient is a number |

which represents the amount,of water that would be produced, j2

3 as an example, in a pumping well if you reduced the, pressure
i

4 in that well a unit of reduction. That would produce a certain

5 unit of water out of the well, out of the formation. That is

6 the number. That is what it is. It represents the clastic
~

properties of both the water and the solid matrix of the7

muec
8 . effluent as well as the porosity.

9 MR. VAN POOLLEN: Consequently can you see from your

own explanations of the quantity "B" and the quantity "S" that10

11 there is a considerable analogy between the two.
'

12 MR. ROBERTSON: Yes, there is. Thefactorof7[pli' *
'

O
13 [ over

"B" I would say -- enero is an analvyy" beLween that factorI
r
and the factor "S" although they are not equivalent because14 I

15 you are working in different units.

16 -MR. VAN POOLLEN: That is all for me right now.
i
1

Cl! AIRMAN FARMAKIDES: Mr. Irvinc?17 '

18 MR. IRVINE: Mr. Robertson, I would like to call your
.

19i attention to page 5 of your testimony,'please. In the second

20 full paragraph thoro --

21 CIIAIRMAN FARMAKIDES: Excuse me.

22 (Discussion off the record.) -

23 Cl! AIRMAN FARMAKIDES: Let's go back on the record.

24 MR. VAN POOLLEN: May we refer to your page no. 5,
i

As Federal Reporters, Inc.I

25| the second full paragraph, whero you say "Therefore it also
!
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1 appears that there might be a significant difference in the

2 two curves over a much longer injection time of perhaps five

3 years. Longer pre-injection tests, perhaps two or three weeks,
V .

4 could provide more meaningful data. It is dangerous to extrap-

5 olate a 150-hour injection test to the five-year performance

6 of the well.'"

7 In relation to this I would like to ask you if you

8 agree with the recommendations made in the Kerr-McGee panel's

9 monitoring section that we would inject for a certain period

10 of time with neutralized waste materials?

Il MR. ROBERTSON: Yes, that is what I am saying here.

*

12 A longer injection period and a longer observation of pressure

' 13 I falloff period would be more meaningful. I understand i.liai, is

0

14jjoneoftheproposedtestsyouhad.
n

15 MR. VAN POOLLEN: And you don't foresce any harm
,

16 | would come to people in the whole situation as a result of
d

17 I this?
!

18
, MR. ROBERTSON: I --

19 MR. KINSEY: Mr. Chairman, I don't think the witness

20 would be qualified to answer that question.

21 CilAIRMAN FARMAKIDES: I agree, unless the witness --

A
L) 22 Do you feel qualified on that question?

23 MR. ROBERTSON: No, sir.

24 ' Cl! AIRMAN FARMAKIDES: Reframe your question, nir, or
Ace Federot Reporters, Inc.!

25 you might like to pose it to the entire panel.
t
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1 MR. VAN POOLLEN: Could this question be read back

2 for the entire panel?

(^ 3 (The pending question was read as requested. )
;

s

4 CHAIRMAN FARMAKIDES: Is anyone on the panel able

5 to respond to that question?

6 MR. ROBERTSON: I would like to make one clarifica-

7 tion. When I speak of an injection test I am thinking of
p That is what I was referring to as a long-8fwctor, not waste.
i

9 period injection test, water but not necessarily waste water.

10 I MR. VAN POOLLEN: But the question is, would even
|

11hwaterdoanyharmbycausingleakageofthebrineswhich
d

12] apparently we are concerned about?
I 't

"

C' 13 i| CIIAIRMAM FARMAK1Dt,5: You have reframcd yOur qucc-

14 tion now to make it specific to water?
g

e

15 MR. VAN POOLLEN: Yes.

dE"
16k MR. ROBERTSON: I can'banswer that because I don' t

I,

4

17 't know when there would be leakage.
d

18 q . MR. VAN POOLLEN: llow about the panel?

!I

19 I| DR. WARNCR: Well, it was my conclusion in 1972 and
k

20 y essentially still is that if it were felt it was absolutely
!

necessary and essential to operate the well because of lack of21

0(~'\ 22 , other alternativos that this could be done with a reasonably/'

i

23; small amount of risk clement.
I

24I So essentially the further testing of the well is
Af t fedtrol Reportm. inc

nothing more than initial operating phase so my opinion with
..

25

d
1

1;

i



,.

jeri 9 312

with regard to the testing of it would be essentially the same1

2 as that with regard to the operation of it.

It could be done if it is felt that this is the best3

way to proceed, all things taken into account.4

5 MR. VAN POOLLEN: Therefore, Dr. Warner, you' would

not object to the fact that a neutralized waste material6

7 would be used rather than water?

8 DR. WARNER: Well, I think that it is fairly

9i obvious that if you inject the waste for a few days it is

not going to go more than a few feet away from the well and10

there is really no way that this waste water itself could have11

12 ] any possible harmful ef fect unless it moved. directly up the

O i!13 !! well bore atuund Line casing. Ii t.hc cement were irmloquat o

i

14; and it moved directly up along the wc11 boro it could con-
U That is15 b ceivably get out of the immediate Arbuckle formation.
>|

16 | the only ponnible way it could in that short period of time.c9
2003 i'

17'I
-

e

18 j ,

19 |i
i
i

20l

21

0 22 ..

23

24 1

Ac.-F.derot Reporters, Inc.
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1 mil 1 MR. VAN POOLLEN: I would like to ask one more

2 question of Mr. Robertson. On your page 4 again, the third
erro r

'"in estimated"A largpf.orj3 full paragraph, the last sentence.

O 4 storage coefficient or the factor five over B could yield
*

5 drastically different long-term pressure build-ups in the forma-

6 tion."

7 Could you clarify this?

8 MR. ROBERTSON: The pressure build-up is dependent

9 or partly dependent upon compressibility of the water,as
yll )

""~~10 well as the rock matrix. That is what the factor P over B

11 and the factor S would incorporate. So a large difference

12 in the number used versus a different number would' change

(]) 13 the pressure build-up.

I4 MR. VAN POOLLEN: What would you suggest could be

15 done to determine this kind of a coefficient in more

16 detail?

17 MR. ROBERTSON: Well, for one thing additional well i

18 drilled in the area could provide better porosity distribution

19 data.

20 MR. VAN POOLLEN: And you would get this kind of

21 porosity distribution from cores or from what?

22 MR. RODERTSON: From. standard methods, cores as wel l

[}
23 as injection tests, methods Kerr-McGee has used on their ,,,

24 welig,
Ace Fedvol Reporters, Inc. /

25 gn, yng pooLLgn 'Do you feel these methods would
,
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2 mil work in the presence of various boundaries?

MR. ROBERTSON: What do you mean, the presence

of various boundaries? Do you mean right immediately on a

O ~ ~ ., a, "
boundary or in-addition-to_a boundary? I don't understand

g

5 your question.

0 MR. VAN POOLLEN: Do you feel that the mathematical

methods to determine the storage coefficient will work in the

8 presence of faults located several hundred feet from the well?

MR. ROBERTSON: There are major problems in deter-

10
mining -- are you speaking of determining a storage coeffi-

11
cient or porosity?

12
MR. VAN POOLLEN: Well, we assumed that they were

analogies, didn't we't -
,

cew.Cficten/~
I MR. ROBERTSON: Porosity and storage faci-lity are g
IIS

not an analogy. ,

hfe
MR. VAN POOLLEN: ThetermfoverBisrelatedto

17
the storage coefficient. If we sat down, we could conceivably

18
calculate onc.from the other.

19
MR. ROBERTSON: Yes.

20
MR. VAN POOLLEN: So I limi ed it to S.

21
MR. ROBERTSON: Okay.

MR. VAN POOLLEN: Do you feel you can dotormine thi ;

23
fron observation walls in the presence of barriers?

24
E. EEMM: Ms b a MHcdt proMem in WAce red el Reporte,.. inc.

25
presence of barriers. I do not say in my testimony that it co lld

|
|

\\ -
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3 mil I be determined.

2 MR. VAN POOLLEN: So consequently, are you not

3 stating that you should have an observation well to determine

O 4 the storage coefficient, but it is very difficult to get it?

5 MR. ROBERTSON: No, I did not say that you should

6 have an observation well to determine the storage coefficient.

7 MR. VAN POOLLEN: Didn't you say that by tests --

8 MR. ROBERTSON: I said to determine porosity

9 distribution you can do it from tests in the wells. You can

10 determine porosity which is one factor involved in this.

11 There are also the compressibility of water and the compressi-

12 bility of the rock matrix involved in this, which are more

(]) 131' difficult to determine,

14 MR. VAN POOLLEN: But you do need an additional wel l

15 for that, or don't you?

16 MR. ROBERTSON: This would depend on the particular 48-
Isq

17 hydrogenic conditions.
I

18 MR.' VAN POOLLEN: In'this reservoir.
19 MR. ROBERTSON: I haven't tried to determine "S"

20 in this reservoir and I am not sure -- it is difficult in a
|

21 complex boundary problem like this to determine "S" from a l

22{} well, yes. ,,

23 MR. VAN POOLLEN: But I heard you say that you coul 1

24 do this by tests and now I hear you say that you cannot do it.
Ace Federal Reporters. Inc.

25 MR. ROBERTSON: I only said you could determine
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I4 mil Porosity from tests in a well, not "S".

2 MR. VAN POOLLEN: Could you show me how you would

3 do that, please?

O .

4 MR. ROBERTSON: Determine porosity in a well?

5 MR. VAN POOLLEN: Yes.

6 MR. ROBERTSON: It is explained very clearly in

7 the Gruy testimony, with tracer injections and taking the
MR. K1n VCop).EAJ:

co[s to the laboratory.4 We have to get it from cores? M8

9 MR. ROBERTSON: No, I said with tracer injections

10 in tl well itself.

II MR. VAN POOLLEN: Tracer injection tests indicate

12 what the porosity is?
I

O I' y MR. ROnERTcON: No, c::=uce ==. uith no=c ho1c
h

I'8[ geophysical techniques, density logs, a combination of several
!

| 15j bore hole geophysical techniques can yield porosity data in

i 16 a well, in a bore hole, without the use of cores.

17 MR. VAN POOLLEN: Consequently are you telling me
l'

18' that by having twice the amount of data I can improve material;y

19 on the knowledge of porosity?

20 MR. ROBERTSON: I am saying - yes, you can improve

2I it somewhat. I didn't say just one well. I said from the

22 other observation wells. .

23 MR. VAN POOLLEN: But from a practical point of viev,

| 24 how many observation wells would you want to have before you,
A<e Fehrol Reporters, lec.

25 would say that you know the porosity in sufficient?

|
.

u
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i

-

( Smil 1 MR. ROBERTSON: Well, that'is also a difficult
,

'
l 2 question. It would dopond partly on the results --

<

3 presuming you analyzed one well at a timo, if ovary well
[

r

yielded the same results you would become more and more! 4
i
'

: 5 confident with each well. If each well yielded drastically
i

I

| 6 different results, you would becomo loss and loss
I

7 confident and would require moro. This is a statistical
.

j 8 problem and I am not a statistician. '

J

I 9 MR. VAN POOLLEN: What additional information
1

|

10 would I nood to calculato the storage coefficient if I know
it

]
11 the porosity quito accurately?

a

! 12 MR. RODERTSON: You would nood the compressibility

! /~h y
'\/ 13l of the formation you are injecting into as well as the'

I |

I i
14 h compressibility of the capping formations, the bounding

|
4

! 15 i formations, and the compressibility of water.
$

i 16 MR.' VAN POOLLEN: And would then wo bo able to
4

17 got all this information from a singlo well with injection,
,

18 with subsequent pressure measuromonts?
.I<

'' I9 '
MR. RODERTSON: This can bo dono, but in your

20 testimony I did not soo that it was dono. |
.

21 MR. VAN POOLLEN: How would you be able to do
]

( '

22
"

that, sir?|

23 MR. ROBERTSON: Thoro are standard techniques

I24 in the analysis of pressure fall-off or injection build-up
4 ee Federal Reporters, tae.

<

25 || providing the system moots tho assumptions of all -- !t
'

l 4
i

.
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Gmil providing that the hydrologic or geologic system mootsj

adequately the assumptions involved in applying those
2

techniques, this can be done by analysis of pressuro fall-
3

off curves or injection curvos. ;
4

MR. VAN pdOLLEN: Do you recall the graph which
5

'

was described and placed on the blackboard shown by Mr. Gruy
6 >-

where he showed the cumulativo injection and the extrapolated
7

roservoir pressure to datormino the sizo of the confined
8

reservoir? i
9

MR. ROBERTSON: Vaguely, yes. Is this the graph ;
10

jj you are referring to?
,

MR. VAN pOOLLENi Do you fool that that kind of
12p

inellaud would t endur infurination about tho to . o . ow f13
d |

ja O capacity of the reservoir? |
l[

MR. RODURTSON: Yes, if the reservoir was scalod. (15
!

MR. VAN p00LLEN: Consequently, one well could i
16

i
i

| givo you that information?j7

|I .

-

18 d MR. ROBERTSON: If the reservoir is scaled, yes,
.

|
19 and the well is in good condition.

20 MR. VAN pOOLLEN: If the reservoir is not scaled,

21 what would happon?

O 22 MR. RoBcRrson: we11 veu wou1d have 1e aane.

23 MR. VAN pOOLLEN: Correct, but what would happen

24 to the curvo?
He Federal Reporters, Inc. ,

25! MR. RODERTSONi The cumulativo curvo would taho on
h
:

!

|
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7 mil
1 a different shape. I can't road it -- is that pressure on

+

2 that sido of the board?

3 MR. VAN pOOLLENi I think it is sufficient to

say that it will have a different shapo so something would4

5 show up. Consoquently, wouldn't a single observation well

6 give you the information we are socking?

7 MR. ROBERTSONi Not if you don't know already

8 what the curvo should look like if the rosorvoir is scalod.
9 MR. VAN pOOLLENi Wouldn't wo know this after

10 wo have injected a cortain amount of fluid, then allowed

II the reservoir to como to equilibrium?

12 MR. ROBERTSON: You can got some approximato
,

O "
13 magnitudo.

I4 MR. VAN pOOLLEN: Ilow approximato?

15 MR. ROBERTSON: Well, I don't have a number in
,

i

16| my head right now. It doponds on tho accuracy of all of your
4

I7 I monsuromonts, particularly the pressuro monsuromonts.
I

18 You can have a small amount of leakago and it may not signi-

I9 ficantly affcct your prosreuro monsuromont within 2 pai, but
20 it might bo / significant47 -- s

21 MR. VAN p00LLEN: Thank you very much.

22 CIIAIRMAN FARMAKIDESi Mr. Irvino, anythint: f ur t hor'c

23 MR. IRVINE: Yes, nir.

24 Dr. Warner, on page 4 of your testimony, in the
y, gg ,, ,,,,

25 first full paragraph thoro, in the lant sontonco, you say,

!

L _ _ _ _ - _ - - - - - _ _ - - --
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8 mil "The equations discussed do not directly yield informationj

on the rato and direction of movement of fluid." Now, as
2

3 I road the testimony of hir. Robertson appearing on the first

4 page of his testimony hero in the next to the last sontonce

5 in the second paragraph, it roads as follows: "Furthermore,

6 the modols can predict ratos and direction of ground water

7 movements within the rosorvoir." It appears to me that thoso

8 statomonts are in diamotrical conflict. Aro they,or aro

9 they not?

10 DR. WARNER: Well, the models that I reforrod to

11 are thoso which I discussed previous to that particular

t

12 1 statomont and the type of models that I am discussing

O 4
13 previous to that particular statomont are not usoful for

i

14 determining rato and direction of fluid movement. I havon't

15 studied t!r. Robertson's testimony to be able to reconcilo

4 the two statomonts. There is no doubt about what I am saying,16l
d
4

17 k I don't think thoro is any question whatsoever about what I

b
18 p am saying and. I can't explain what he is saying.

19 h!R. IRVINE: What kind of model are you speaking
.

20| of, sir?

21 DR. WARNER: Voll, the models that I discussed

22 previous to that particular par'agraph are modols which

23 describo the pressure responso of a rosorvoir or aquifor

24 during either injection or withdrawal of water and it has
a<e vea.,as verwen. m j

7S h nothing to do with th *ato and direction of movement of tho
d
i

|
'

__ . - _ - n _ _ - - - - _ _ __ _ _ _ _ - _ _ _ - _ _



m

321

9 mil I fluid.

2 MR. IRVINEi Are you talking about what we would

3 refer to as a pressure fall-off test and Mr. Robertson

4 may bo speaking of a modeling technique?

5 DR. WARNDI: I am talking about the type of a

6 model that could be constructed from a pressure fall-off test

7 which only tolls you the pressure distribution but doesn't

8 toll you the fluid distribution. It may be assumed -- it

9 could be assunod that tho -- that -- in making a mass

10 balance that the fluid was moving through the reservoir in

11
a certain way to croato this pressure, but it is not

12
1 nocessary. In other words, the gonoral -- tho gonoral utilitv

13 ' of the type of models that I have discussed abovo are with

14
.ogard to the -- with regard to the pressure responso of

15
i tho aquifor and not with regard to the rato and direction of

16|p|fluid movemont. In other words, this -- thoso equations
II7' don't incorporato into thea anytihing with regard to the
d

8
porosity of the aquifor or the rato at which the water is

19 '

moving away from the well. They are talking about tho rato

20
at which the pressure is moving away from the well, not the

21
rato at which water movos.

O - '22
MR. IRVINE: Is it your contention that the

23
model used by Mr. Gruy and his associaton would not rondor

24
.<. ra,,oi segw.o. iac ,j the rate and direction of movement of the fluid?

25 )|
1

| DR. WAllNER: You, that's correct. Thoy would havo

(
|
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10 mil to mako separato calculations.

MR. IRVINE: Are you sufficiently aware of Mr.
2

Robertson's testimony to know whether you aro using the term
'O '

modoling in the same concept that ho is?
4

DR. WARNER: No, I really wasn't concerned with

his testimony and I can't comment on that. My statomont is
6

with regard to the material that procodes it in my testimony
7

and it is not with regard to Mr. Robertson's. If you will
8

road the matorial which loads up to that stateracnt, I
9

boliovo that it in an accurato statomont and it stands.
10

Thoro is no -- I --jj

MR. IRVINE: But thoro is no question that there
12

O iakisaumamodmng*1awmrcndcrum1em.=tuu
on rato and direction of moveraont of fluid?ja

i

i DR. WARNER: Well, yes, thoro is, if you tako
15

into account the necessary variablos in tho -- in making
16

37 h this calculation. But thoro are a number of variables which
h

18| I list in here which woro not incorporated into the Korr-McGoo
,

I

j9 -- incorporated into tho Korr-McGoo modol. Into their

calculations of the rato and direction of fluid movement.20,

MR. IRVINE: Uhich are thoso, sir? I don't scom
21

O 22 te re>2ow vau- --

23 DR. WARNER: Well, if you will road the matorini

that follows that particular statouent, it says, "Tho most
24j

- ~ vese as ver w .,w m 9
23 9 olomontary cniculation unod to ostimato the rato and distanco

e
i

|

N
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ - _ _ _ _ - _ _ - _ _ _ _ . _ _ . _ _ - - - _ _ _ _ - _ _ _ _ _ ,



323

11 mil I of movement from injection wolls assumo's uniform radial

2 movement away from the well," with the uniform displacement

3 of water and no mixing of the two. This is a type of model

4 Gruy assumed. I further go.on to say that more complex

5 models includo hydraulic gradients, density difforoncos and

6 so forth and thoso woro not incorporated in the Korr-McGoo

7 model.

8 CIIAIRMAN FAltMAKIDESi Perhaps this might be a good

9 placo to recess for luncheon. Wo will reconveno at 1:45.

10 (Whereupon, at 1:00 p.m., the hearing was

10 recessed, to reconveno at li45 p.m., this same day.)

12,

13
q
II

|!
15 i

|
16 1

e

17|
I!

18 4 .

h
19 !

20

21

*

22 *

23

24
m.f ca ,at R.po, .,.. ire i

25|>
||
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joni

11 1 AFTERNOON SESSION

2803
2 (1:45 p.m.)

3 MR. KINSEY: At the time of the break Dr. Warner

4 advised me that he had intended to expand further on the

5 answer to the question that was proferred just prior to the

6 break and I was wondering if there was no objection whether

7 he could continue.

8 Cl!AIRMhN FARMAKIDES: Let's go of f the record

9 for a moment. -

10 (Discussion off the record.)

II Cl!AIIUGN FARMAKIDES : Back on the record.

12 Mr. Irvine, I understood you to say that your
L'

O i> ==o==-c::==1n= tic = ic ===g te te 2

14, MR. IRVINE: Yos, sir.

F

15 f CIIAIRMAN FARMAKIDES: All right. Does the

I16 j Staff havo redirect?
i

XXXXX 17 REDIRECT EXAMINATION
l'

18 0 MR.*KINSEY: Dr. Warnor, just prior to the break

19 you had indicated that there woro certain paratteters that

20 were not included in the Gruy model and I believo you did

21 want to expand further on that. Would you please do so?

22 DR. WANRER: I thought it might be helpful to the

23 Board if I very briefly clarified my discussion relativo to

24 modoling to indicate that in the construction of the analysis
Aes4edeeol Reper'ert. inc.q

25 that Gruy hau made or that anyone cice would make prosumably
e

9
h

k <
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I there would be two fundamental steps that you would do, or

2 two fundamental analyses which you would make.

3 One would be that of the pressure distribution in

O '

4 the reservoir. During the computation of the pressure

S distribution you are not simultaneously, at least ordinarily

6 that I am aware of, also analyzing the rate and direction of

7 movement.
,

8 Once the pressure distribution has been determined

9 you can take this information and use that to determine the

10 rate and direction of movement.

II The fact is that in the equations which describe

12 pressure distribution they do not include such factors as
-

O I3 i porosity, disperslun everrieleut, they moko no provision for
!

Id[ fluid movements as affected by density diffrences in the

15 fluids.
'

16 When I say that porosity is not included, it can

I7 be lumpad in one term and you nood never see it. It is in

18 there jin some way or another, but you don't necessarily'

,

19 ever have to see the term porosity itself in the pressuro

20 equations.

2I Cl! AIRMAN FARMAKIDES: liow do you accommodate it,

O 22 thea2 - -

23 DR. WARNER: In either ground wator work or in oil

24 field reservoir work you can got out a parameter, which was
Ace-Federot Reportees, Inc.

25
. discussed extensively by Dr. van Poollen and Mr. Robertson,

|
|'
1 ,

| | -

L
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1 which is called storage coefficient.
.

2 Porosity is in that term, but you never need see

3 it. It can be obtained from an analysis of pressure falloff

O
4 curves and you never need to independently determine

5 porosity in order to get that number.

6 But for the determination of the rate and

7 direction of fluid movement you must have porosity. You

8 must, in order to make an order or complete estimate, also
,

.

9 include any dispersion coefficient, which was discussed

10 yesterday. If there were sufficient density differences
,

11 between the two fluids you would also have to accommodate i

12 those things.

() 13 It is an additional step anr1 in dotail it can be

n

14 j; very complex.
,

'l
15 h In a simplified form it is only calculated on

16 the basis of a straight interface between the two fluids and

17 density differences, dispersion and so forth are not taken

18 into account.
. . .

19 Now, in the calculation of their -- in making

20 their calculations of the rate and direction -- rate and

21 distance -- direction and distance of fluid movement, the

() 22 Gruy people or the Kerr-McGee cpnsultants did not take into

23 account mechanical dispersion, hydrodynamic dispersion. They

24 'did not take into account density differences, things of this
Ace Federal Reporters, Inc.

25 sort, which all tend to make the fluid boundary exter.d
g

'
c ;

I L

*

-
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1 further away from the well than it would otherwise.

2 Yesterday Dr. van Poollen commented that this might.

3 make a difference of perhaps ten percent in the calculation

O 4 Last evening I took advantage of a few spare moments just to

5 make a very quick calculation, using dispersion parameters

6 that have boon determined in other limestone reservoirs,

7 and determined that it would not be unreasonable at all to

8 presume that the fluid front might extend at least 300 feet

9 beyond the calculation that the Gruy people mado.

10 This is only taking into account the mechanical

11 dispersion effect. That would chango its position from

12| 900 to 1200 foot from the well.
'

|

() 13 Then one could further take into account the
n

j 14 || fact that there are -- where there are rapid changes or
1

1 '

15 there are, let's say, large differences between

f permoabilitics in narrow zones, that individual zones may16
x

17 y||in fact be the ones which the fluids choono to move along.
S
I '

18; Dr.' van Poollen mentioned this himself yesterday.
~

19 |; I have cited an examplo of such a caso in my testimony
(

20 relative to another injection well installation in which it

21 was calculated that the fluid movement would be on the order

22(} of magnitudo of 500 feet and actually in the course of

23 drilling throo additional wells it was determined that the

24 fluid rovemont exceeded 2700 feet.
Ace FWarol Reporters, inc. [ ,

25 We don't know how much further it may have moved.
< a

s , <

c
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I In other words, the calculations woro of f by five

2 timos at least and may have been off considerably more than

3 that. Wo simply don't have wells any further away to know.
-

4
CHAIRMAN FARMAKIDES: Is there anything further,

5 Mr. Kinsey?

6 MR. KINSEY: No further questions.

7 DR. BABCOCK: Could I ask one small question

8 concerning the last information you gave? Was this

| 9 situation that you described in which the fluid moved 2500

0 feet, was that a bounded or nonbounded reservoir?

'
DR. WARNER: The reservoir was not bounded by

I2
faults. There were several permeable and porous zones in

d,

I3
the reservoir. It is a very similar situation to that or the

N
Korr-McGeo well and in my testimony I discuss this.

D In the Knox dolomito which is an equivalent of

16 .

the Arbuckle formation.
'I

I7 h The individual reservoirs in cach of the wells,

18 [I
I

or tho,. individual porous pormeable zones, were bounded by

permoability pinch-outs but not by faults.

l Apparently the majority of the waste has traveled
J,

21
in a single narrow band which was not bounded, whereas the

"O oener reeervotre, ene eener voroue eua ver cebte zo#ee,

23
appear to be bounded and thus the wasto chose to move in a'

24
4<. r.a.,o e,po,+.n. ine. I, 9 *" " *

25f
'

But the point with regard to this examplo was that
|
o

l'
d

_ _ _ _ _ _ _ _ _ _ ____ _ _- _-_ _______ ___
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4
< ,

it' vas gnot possible to predict, 'even though with largeI

i
2 amounts of evidence were available -- all the same kinds of
3 tests were madeon these wells that were made on the Kerr-

'O _ 4 McGee well and in spiteof this large volume of evidence it

5 was not possible to determine accurately into which zone

6 the aste as going to 90.

4 7
[ Injective tests in fact were run on individual

1
,

'

8 zones. separated by straddle packers rather than the entire,

s,,
~

9 . formation itself.-

10 So, in some ways the data we had were more amenabic
!

II to analysis than some of the Kerr-McGee data.

f I am not intending to say that the two cases areI2

I3 completely analogous and titat blie asialynis c,f the duPont.
t .

Ij Johnsonville well couldn't have been improved upon, but
'

,

'

: .3
15 / every effort was made to make the best analysis possible.

~

16 In spite of all that, it still was not possible

I7 to accurately predict where'the waste was going to go. It
,,

18
.

was only found out later where in fact it did go.
u,

I9
1 DR. BABCOCK: .Is the thrust of your argument that

.

20;./ it is possible that this same thing could occur in Kerr-McGee?

21 DR. WARNER: Yes; in fact, I have stated that in

22 my testimony, that this is the. type of7 thing you find in

23 this type of formation. It is a common occurrence to find'

24 .this type of. thing in formations.
Ace Fedarol Repor'ers. Inc.

25
j I can't, certainly , contend.that that is what is

|. .
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I going to happen in the Kerr-McGee well. I can only feel that

2 itis a reasonable possibility that it could because it has

3 happened in other cases in similar circumstances.

4 CHAIRMAN FARMAKIDES: Is there any further

5 examination, Mr. Irvine?
.

6 MR. IRVINE: May I have just a moment?

7 RECROSS-EXAMINATION

:XXXX 8 MR. IRVING: Dr. Warner, did you in this new

9 Johnsonville well -- I assume you had some part in it -- did

10 you make a numeric model of the information that you had

11 here and was this the basis for your projection?

12 DR. WARNER: No, a numeric model was not constructe'l.

() 13 The only thing that was alteropted Lo. determine was the rate
n

14h and distance of movement, independently of pressure
:

I
15 distribution.

I

16 MR. IRVINE: That is all we have, your Honor.

17 CHAIRMAN FARMAKIDES: The Board has some questions.4
:
1

18 ' DR.' BABCOCK: I have a question that was related
.

19 to'the question that I was giving to the panel and I don't

20 remember who was asked'that question. The question related

2I to the porosity of the dolomite formation. It was suggested

22() that radioactive material was injected into the formation

23 and that was a mechanism of getting some information as to

24 the porosity or the uniformity of porosity.
ActFedarol Reporters, IM.

25 I don't know whether you are the one to answer this

|
1
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question or not, but what I was interested to know is whenI

2 the radioactive material was injected int;p the formation,

approximately how far did this radioactive material go in and3

O
d then, of course, come back out again?

5 DR. WARNER: I think that question would be better

6 asked of the people that had the test performed.

7 In general, it only goes a very short distance',

8 the purpose being to simply determine which of the zones

9 has accepted it and then a radioactive -- a gamma ray log

10 is run which indicates which zones this material has gone

" into, but it usually has only gono in a few feet.

DR. BABCOCK: Then the purpose of. injecting radio-I2

l *' active material was to determine that. Lhere was a porous\

Id| zone and not its extent?

15 DR. WARNER: If I interpret it incorrectly, I

16 expect they will correct me, but it is to determine where
17

1 in the bore hole the porous and permeable zones are and in
i

18 this case it allowed them to make a comparison of the relative

permeabilities of the zones but determining which one the
20 larger amounts went into.

MR. KORNBLITil: If you have a situation where2I
-

O ,,, ,ppe, ,,, 1, ,, ,,,,,,,1,,.,, , pe,,,,,1, ,,,, ,,, ,,,22

23 paralle, they are still planar, but have a different slope
24 so that the zone is not as thick on one side as'the other,

Ace Federal Reporters, Inc.

25 how would you expect this to affect your distribution of
I

!
-

,
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'

I injected material?

2 DR. WARNER: Well, in formations of this type

3 generally the reservoirs are porous -- reservoirs of porous

d and permeable zones are not bounded above and below by

5 strictly planar boundaries.

6 The thickness of the porous and permeabic zone

7 tends to vary in a general area in which it exists.

8 If you are specifically talking about a wedge-

9 shaped boundary --

10 MR. KORNBLITH: Yes, just to give us a general

II picture of it.

12 DR. WARNER: If you have a wedge-shaped boundary,

I3 ot course as your wedge narrows the permeability and pus.usityI

V

Id! would decrease and so this would tend to inhibit fluid

15 movement.

I0 MR. KORNBLITH: Why would they decrease?
i

I7 DR. WARNER: Because your permeability might
i

18 | remain constant, permeability being the measurement at the

I9 point of the ability of your porous material to transmit
1

20 it. But if you multiply it by the thickness, which is a

21 thing of concern, this would increase as the thickness of

O y ,,, ,g 1,,, 1 ,,,,,,,.. .22 .

23 MR. KORNBLITH: Would the permeability or porosity

24 per unit volume remain constant or would the fact that the zon a

Are-Federal Reporters, Inc. t

25; is narrower indicate there has been some increase in pressure

|
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I on that side which would tend to reduce.it?

2 '
What would you expect?

3 DR. WARNER: Perhaps it would help me if you were

O # to give me the context in which you are trying to understand

5 this. Are you talking about these, permeability pinch-outs,
6 for example,'that we discussed?
7ndll

_203
8

9
.

10 .

11

12

O ' 3 'i
i

14 i

15
1

16

17' .

' '

18
'

- .

19

20
.

21

20 -
-

23

24
Ace-Fedsrol Reporters, Inc.
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I MR. KO:'NBLITII: We have been discussing a model whi ch1 mil
.

<

2 is based on the waste moving out radially. What I am after

3 is what this shape would be in the case of this hypothetical,

'4 -

d wedge-shape. Would the cross-section of the material that was
~

5 injected still be a circle?
I

6 DR. WARNER: I think the easiest general answer I

7 could give would be that any changes you get, any significant

8 changes that you get in the thickness, porosity, permeability

of your layers does tend to affect the rate and direction in9

10 which they move.- The direction in which your permeable layer

II is narrowing would tend to be one in whicl the porosity
i

12 and permeability would be decreasing and, therefore, the

O tIO waste water would tend to move in i.ht: upposil.a direction*

Idf if it didn't thin in that direction as well. I think perhaps

15 it would be bett'er stated that less would move toward
i 16 this decrease in porosity and permeability than would move

I7 in the direction in which it remained constant.;

I8 MR. KORNBLITil: So the maximum distance to which it
,

,

I9 extended would be in the thicker direction?
i 20 DR. WARNER: Not necessarily, because, of course,

21 as your formation narrows the amount that it takes to move a

22 ccreain aiseance is less and, therefore -- and as your formationO
thickens, although the total volume going in that direction23

.

| 24 may'be greater, it has a greater cross-section in which to
| Ace Fedarol Reporters, Inc.

accommodate itself. In fact, we never try to make analyses a25' :
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2 mil I sophisticated as that simply because you. don't normally have

|
2 the information in that degree of detail, or let's say it sold am

3 would be tried, to make an analysis that sophisticated simply

; because you don't normally have the kindo of information that4

j 5 would allow you to make that. ,

i
'

i
0 MR. KORNBLITH: All right, thank you.

.

7 Cl! AIRMAN FARMAKIDES: If you were, Dr. Warner, goin1
1

I

8 to create your own mode' here, what are the factors that you
,

,

9 would consider or the assumptions that you would make? ,

i

DR. WARMER: Well, I don't think that the -- I woul .110

|" have approached the model any differently than any other perso 2

12 working in the field would approach it. In the first place, .

1

i O
-

s
| "' [ in general, everyone works generally the same way. You have

| 1

Id |: to. You are constrained by the constants that go in, or the

15
| parameters that go into the equation. You all have to determi te

16 those in order to make any calculations. So everybody's proce -

17 dure would essentially be generally the same. The place that

18 you might differ is in the details or perhaps not details --
1

I9
|

in the interpretation of the data that you have to work with.
O Certainly when there is a small amount of data there is a

21 maximum amount of interpretation required in the sense thatj

O 22 y, ,,,,,s,,, ,, ,,,e ,q ,11,,1,,,,,,,1,,t,w,,x .1th-

23 as if you have more. So, therefore, you are required to

24 extend your -- what information you do have andutilize it to
,

; Ace Federal Reporters, Inc.

25i the maximum. |
|>
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3 mil ) In other words, you are saying, sir, that you would

2 accept the model created by Kerr-McGee, but your interpretatic a

3 of some of the parameters or some of the data generated would

4 be different?

5 DR. WARNER: I can very well imagine if I had

6 started out with the same data that Kerr-McGee had originally

7 and constructed a model that I would not have come up with

8 the same kinf.s of boundaries that they have, necessarily.

9 Some of them perhaps you would have. It is quite clear in

10 some cases that the reservoir is bounded. In other cases

11 the reason for the boundaries is less clear.

12 Specifically, there is no reason at all to assume

13 " that. the reservoir is bounded to the couthucct because

14 their analysis never extended to that, far enough in that

15 direction to show that it was bounded. And I believe that

16 their analysis of the boundaries as far as 28,000 feet away

17 to the northwest has to be very weak because the data at that
'

18 point were not' extensive because this is the far-out -- farthe st
,

19 out limit at which they were able to make any analysis. So

20 I feel that there -- it necessarily has to be a questionable

21 interpretation. Not that it is incorrect, but certainly

O 2 wouta= e de =ece eerv tor someo=e e1ee-eeeereti=9 ene seme

23 model to have come to the same conclusions that they did.

24 CIIAIRMAN PARMAKIDES: That is one assumption you
Ace Fedsrol Reporters. Inc.

25| would not accept?
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4 mil 1 DR. WARNER: Not necessarily. I hope you don't
i

2 have the impression that I tried te in fact go through the

3 same procedure they did. This is a very time-consuming

O 4 thing. There is an enormous amount of effort involved.

5 However, it is quite easy to look at what was done and make

6 judgments with regard to the general validity and the
a

j 7 alternatives that might have existed in the interpretation
4

| 8 as opposed to generating an original model oneself and going

9 through all of the effort that is required and time that is
i

i 10 required to do that. One can make simple calculations, look
i

11 at the data and form judgments, which is essentially what

! 12 I did.
! i

() .

13 CHAINMAN PAnMAKTnES: How many judgment.s did you
h1

Id [ form, sir? Could you clarify this?!

; 15 DR. WARNER: Those kinds of judgments are all

16 listed in my testimony and I tried specifically to show

I \
|

examples of where there are weaknesses in the Kerr-McGee --17

I8 CHAIRMAN FARMAKIDES: 'You described them in your
-

;
.

!
I9 testimony insofar as you weren't to discuss them?

i

20 DR. WARNER: So far as I felt it was necessary,

i
21 If the Board is interested in discussing any particular

t,

22 '

(}
examples further, I would be very glad .to.

| 23 CHAIRMAN FARMAKIDES: Are there any other judgment 0

i

i 24 that you have not placed in your testimony that you would like
' Ace-Federal Reporters, Inc,

j 25 to express at this time in view of the record to date? |j

|
:
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5 mil I DR. WARNER: Well, I did make one further calcula- 1

2 tion last night which I think might be of interest. There

3 was discussion yesterday of the usefulness of a monitoring

4 well which would lie 600 feet away from the Kerr-McGee injec-

5 tion well and midway between the possible Webbers Falls

6 fault and the Kerr-McGee injection well. The usefulness

7 of such well for monitoring any leakage in the Webbers Falls

8 fault -- in fact, any leakage that might occur through any

9 mechanism. First of all, the purpose in suggesting such a

10 monitoring well was my feeling that if there were vertical

II leakage in the Arbuckle formation that it is going to be

12 evidenced in all of the super-adjacent formations in which
I

O '3 || eh==c i= s=f ficicnt noresier eed germeeo111tv ier 1' te --

14 observed on its way up. The time at which this response

15 would occur is something that no one can predict. But if one

16 were seeking a location for additional ways to monitor for
l

17j potential leakage, vertical leakage from the Arbuckle, this,

18 in my opinion, is the next most logical thing to do aside

19 from what Kerr-McGee has already proposed to do, and that

20 is monitoring of the injection well itself. We asked the

2I Kerr-McGee panel about their feelings with regard to the

22p response of this Simpson formation, if in fact this monitor
J

23 vell were there. They, of course, were not able to make any

24 quantitative response simply because they hadn't performed
Ate-Fefecal Reporters, Inc.

25| any calculations and neither had I at that time. I simply

|
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6 mil 1 felt that the formation would respond to any leakage which

2 occurred into it if, in fact, it is porous and permeable so

3 that it will transmit fluid pressures at some reasonably --

p)t' 4 at some reasonable rate. Well, in order to make these calcula--

5 tions I made assumptions of permeability for this formation,

6 that is, the Simpson formation, of one darcy, a tenth of a

7 darcy, and a hundredth of a darcy. I made the assumption

8 that the rate of leakage into the Simpson formation would bc
.

9 one gallon per minute, which is one-twentieth of the rate

10 that Kerr-McGee proposes to inject into it. I made the

11 assumption that the time at which we were attempting to

12 | detect this leakage would be 10 days from the time at which

(] 13 it began. I made the assumption that 1ho nh eruntion vell

14 g that I am remembering would be 600 feet away from the point

i!
15 l of leakage. I made an additional assumption of the

I

! compressibility of the Simpson formation which one has to have16

d
17 || to make this calculation and I essentially assumed that only

!

18 [!the water in the formation was compressible, which is a
.

19 conservative assumption.

20 In any event, the number comes out -- it really

21 doesn't make any difference. For a matter of interest, the

22 number would be about 15 tintas 10 to the minus 6, that is,

23 for the storivity or the compressibility of the formation.

24 This is the storivity, not the number commonly used by the
Ace Federal Reporters, Inc.I

25 old field people. The responce at the monitoring well after
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7 mil I 10 days in the case of a permeability of one darcy would be

2 a rise in water level of 1.3 feet. The response in the case

3 of a tenth of a darcy would be 11 feet anel the response in the

O 4 case of a hundredth of a darcy would be 86 feet. My conclu-

5 sion from these rather simple calculations is that there would

6 be no problem in detecting this leakage under the circum-

7 stances that I have described, and I still believe that this

8 type of monitor well would be a useful addition to the

9 monitoring whic? . err-McGee has recommended by themselves. I

10 am not recommending that the Kerr-McGee monitor not be used.

II I think they certainly should use it. I recommend the additional

12 monitoring to detect any vertical leakage that could occur
,

13 0 or might occur at this nearest inferred fault.
I

14 CIIAIRMAN FARMAKIDES: Thank you.

15 DR. BABCOCK: Does your analysis assume that the

16 entire fault area had the one darcy and a tenth darcy porosity ?

f
I7 DR. WARNER: No, this is in the Simpson formation.

18 I am assuming t' hat leakage is occurring at the rate of one
M gallon per minute into the Simpson formation. Now, of course,

20 one could make any number of possible assumptions. I just

21 simply picked one as an example of the effect that it would !

'O have if you had a monitor well in the formation.

23 DR. BABCOCK: That therefore assumes a certain size

24 path or leakage route from the formation up.
Ace-Fedsrol Reporters, Inc.

25| DR. WARNER: No, it doesn't. It doesn't make any

|
|

h
nl

.



. .

341

8 mil 1 difference what the size of the leakage path is. I am only

2 assuming that one gallon per minute is getting into the

3 Simpson formation. I don't really care how it is getting

s 4 there.

5 DR. BABCOCK: I recognize that. On the other

6 hand, it could get there via a crack that would have a width

7 of a tenth of an inch or whatever. That is what I was getting
|

8 at. -

9 DR. WARNER: Right. I am simply assuming that it

10 is a point source of leakage. However it got to the Simpson

II formation is not important.

12 DR. BABCOCK: I would like to go to an entirely dif-

13 $ fcrent subject nc't, if I could. You hcard the qccctioning
|!

14 that the Board gave to the Applicant's panel concerning the

15 |.|janalysis of the pressure fall-off curve when there was leakage
i

,

16 | and when there was not leakage.

17 |I|

| DR. WARNER: Yes, sir.

18 DR. BABCOCK: I would like to take the technical

I9|
~

cxperts of this panel over much of the same ground and see

20 if we come out with the same answers, or nearly the same.

2I I The route that Kerr-McGee went doan was to first assume

22 that the boundaries had.no leakage. They then assumed that these

23 boundaries were located in a certain position which best

24 matched the fall-off curve that was presented when the water
Ace-Federal Reporters, Inc.

25| injection was stopped. After they had done this, giving the
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|

9 mil I full mathematical treatment to ciet the best fit, they then

2 assumed that one of the boundaries had a certain leakage facto r.

3 They then fed this into the computer and they got a fall-off

4 rate that always gave lower pressure than had been computed

5 without it. Now then, I believe I asked whether the inevitabl a

6 result of having a porous boundary was that all pressure meas-

7 urements or pressure calculations with this assumption would

8 give a lower pressure than the pressure calculations for the

9 non-leakage case. Do you agree with that?

10 DR. WARNER: Yes, sir, they would have to.

Il MR. ROBERTSON: Yes.

12 DR. BABCOCK: That is inevitable?

13 DR. W.'.RMER : Ycc.,
i!

14 ji DR. BABCOCK: I then asked if they had picked the
d

15 case where leakage was assumed and had refigured the boundarie i

4
'16 in order to get the best fit for the leakage case, whethert

17 ||; they would have gotten a result that more closely approximated
,

18' the experimental data. Would you answer that question,

19 please?

20 MR. ROBERTSON: I think I could answer that. It

21 is not only the boundaries that can bn adjusted to obtain a

(] good fit. There are several other things, including22

23 the permeability and the storage characteristics of the

tcS
24 reservoir as well as the location of the boundary. The -

Ace Federal Reporters, Inc.

25 question is, yes --
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I10 mil DR. BABCOCK: Would you limit yourself first to

2 the question I asked? I will then allow you to expand in

3 any way you want.
'

4 MR. ROBERTSON: Possibly the boundaries could be

0 adjusted to obtain a better fit to the leaky boundary case.

6 Then assuming you got a good fit, then you could assume that

7 the boundaries were not leaky and that you would inevitably

8 get a higher pressure curve, which would be not as good a

9.2 fit as the other one. So you again work either way.

10

11

12,
I() 13 !|
I!

14 y

0
15

i
t

16 |

17 |l
'

-

18
.

19

20

21

1

,
.

23

24
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i 1 DR. BABCOCK: I would like to rephraso the answer i

i 2 that you gave me to your question as I understand it. If I

3 did not understand it correctly would you correct me.
,

(:).

d The answer that you gave was, in the case where a -

1- 5 computer has been fed with the assumption that one of the
,

6 boundarios is porous, readjustment of the position of those
',

7 boundaries will give you or could give you a better fit to the

8 experimental data than was gotten before the readjustment.

9 MR. ROBERTSON: Yes, it could. Not necessarily in
i

10 all cases but it could. As I say, there are other things
,

I' II you generally adjust besides the boundaries.

I2 DR. BABCOCK: In the original calculation did
j
1

() 13 ; Kerr-McGrce adjuct anything other then thn pordtion of the
i,

I d 'I' boundaries?
I

15 MR. ROBERTSON: I believe all that I remember them

j 16 adjusting was the boundaries. They lator manipulated other

I I7 things like porosity. For the original fit I think they con-
]

Ii 18 fined'it to the boundaries.

I9 DR. BABCOCK: Now I would like to take you down thej
;

i 20 other route. Let's first assume that the boundary has a leak-

(
| 2I Let's now go to the computer and say "I want to knowage.
I

() the location of the boundaries t, hat will give the best pressure22

23 falloff data compared to the experimental dsta." Can you tell ,

24f us whether the boundaries gotten by that method would have been
e

Ace Federol Reporters, lnc.I

25 f the same or would they have been different from the boundarios
'
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1 given by the computer for the no-leakage case?

2 MR. ROBERTSON: I would say they would probably be

3 different.

4 CHAIRMAN FARMAKIDES: Is that the answer of the

5 panel? You can consult if you would like, gentlemen.

6 MR. ROBERTSON: Would you restate your question,

7 please.

8 (The pending question was read.) .

.

9 MR. ROBERTSON: I would stay with my answer, that

10 they would probably be different.

II CHAIRMAN FARMAKIDES: Did you say different?

12 MR. ROBERTSON: Yes, they would be different,

pd 13 probably. ,

14 DR. WARNER: Could I just make my own comments,

15 h besides answering 'yes or no? I agree with you that if one
i

16 |wantedtoadjustthemodeloneshouldbeabletoobtain'what-
,!

17 ever answer you want from the within reason. In other words,

t

18| yes, if you found leakage and it gave you poor fit and you

19 readjusted -- or gave you less good fit and you readjusted --
t

20I you should be able to readjust the boundaries to get essentially

21 the same answer you had in the first place. Except that

,] so many boundaries and so many tariablestin this particular22

23 case that it is possible that when they shifted a boundary it

24 But the general answer to your
Ace Fedeul Reporters, Inc. | did cause them a problem.

25 , question would be yes. You could shift the boundaries to
| |
| t
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1 cause a change in the response of the model. Or you could
'
i,
'

!

j. 2 shift other variables as well as the boundaries. i
!
'

!
t 3 DR. BABCOCK: I am going to attempt to rephrase
i () :

4 the answer that you gave. If I do not rephrase it correctly
,I

! 5 I would hope you will help me out.

1

| 6 I believe you answered if the computer is first told
.

| 7 that there is a leakage and then the computer is asked to
: compute.a new set of boundaries that best fits the experimentali 8

1 those boundaries will be given the boundaries that the9 case,
g

;

10 computer had for the no-leakage case.

| 11 DR. WARNER: That is not exactly what I said but the

I. 12 result would be the same.
i I() DR. B.'.BCOCK : 00 you agrec '. nth the utaimment I
'

13 [
i

14 ' make?

15 DR. WARNER: I agree with it.

|i DR. BABCOCK: Will you accept that statement? [16

l
'

17
'

DR. WARNER: I will accept that.
I
; ''

CHAIR 1Dd; FARMAKIDES: That is the statement I under-I

18| - . ..

19 stand Dr. Robertson to have made, too. Is that correct, sir?
i

20 MR. ROBERTSON: Well, slightly different. First of

21 all, the computer doesn't compute where the boundaries are.
,

!
22 DR. BABCOCK: I recognize that.(} P

23 MR. ROBERTSON: The operator shifts it.

;

I 24 DR. BABCOCK: The computer plus a helper.
,

]
Ace Fedirol Reporters. Inc.
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I DR. BABCOCK: But the computer is the one that

j 2 furnishes the data. The operator then looks at the data and i

!
,

3 says "I am not happy with that data. I am going to feed it a
,

() '

4 new question.".

) 5 MR. ROBERTSON: New set of boundaries.

6 DR. BABCOCK: New boundarp locations. It comes back

i
7 with a boundary that is different than it gave before. You

!

8 either like that answer better or you don't like it as well..

<

t 9 And that gives you then an opportunity to make a new selection

10 for the boundary. This is what I call the computer finding, jj

(
~

Il the computer with the help of a steering wheel.
.

I I2 DR. WARNER: Might I just comment on the analysis
i

:O 1enetxerr-neceeconeuteentem,e~1+nr<er<>eetue><exece'3
a

14|
of the boundaries, or would you be interested in such a ,

I
15' comment? -

Ii

4

!I 16 DR. BABCOCK: Yes.
i

|
17 DR. WARNER: It seems to me -- I am unable to under- j

i
I

| 18 stand how so much credence can be lent to this analysis.of
; -

! 19 -leakage when first of all'the model figures themselves differ

; 20 from the observed data so far. I mean the variation between

i

j 21 the no-leakage case and the leakage case is much less< than
i

22 the variation between the basic data to begin with and any one(}
; 23 of the cases, whether it is leaky or non-leaky.
!

24 DR. BABCOCK: 1. recognize that and I was going to'

Ace.FMerol Reporters, Inc. i
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; 25 get in to that next.
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1 What I would like to do'is to get this question

2 pinned down as tightly as I can.

3 The next question I would like to ask you is if you

4 had the data that Kerr-McGoo had for no-leakage and the

5 boundaries as predicted by calculational methods, you then

6 made the test, a single test on the computer, assuming leakage

7 and got a different falloff rate. Would you then have been

8 able to conclude that the boundaries were therefore tight.
.

9 DR. WARNER: Not in this case. I can't see how in

10 this case they can because the data fit the curve -- the

11 calculated values fit the observed values less well but they

12 are aircady so far off the observed data curve that I can't

13 we tho ninni ficance nf the dif ference.

14| The difference shown is very small in comparison

i
15 f with the divergence of any of the data from -- or calculatedi

0
16 ! data from the observed data that I can't see it -- I can't see

i

!!
17 9 the significance that is attributed to the calculated values.

1
h

18 [ DR. BABCOCK: Would you have felt any more sure if

19|
~

you had taken the Korr-McGee data, assuming leakage, and run
|

20' additional computations to see if you could improvo the fit

21 and if you got a fit that was equal to or better than the fit

/~s 22 of data without leakage would you then have made the same
(_) i

.

23 conclusion?

24 MR. ROBERTSON: I might speak on that.
he-federal Reporters. Inc.
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1 MR. ROBERTSON: I think it is apparent from the

2 curve we are talking about that the model as set up is not

3 really very sensitive to the amounts of leakage indicated.

4 So that you cannot put much confidence in whether the boundarie:'' ;

5 are leaky or not leaky, at least in the order of magnitude

6 that Gruy talked about.

7 The dif ference between a leaky and non-leaky boundary

"'
8 is so small that you can't put confidence in whether the

leggf or 60C
9 systemg-- the system is very insensitive to that amount of

10 leakage.

Il DR. BABCOCK: What you are saying is regardless of

I

12 | the route by which you como to the answer to this problem,
hs

( ,j 13 your conclucien it th;t the P.crr-McC;c data i nOt 2dequato
d
-

14[ to tell whether there is leakage or not leakage, is that a
1
b

15 g correct statement?
'!

16 h MR. ROBERTSON: Of the magnitude of leakage that they
it

17 have talked about, yes.

18 DR. BABCOCK: Does the rest of the panel agree with

19|ythat?
~

h
20 |i DR. WARNER: Yes, I agree with it.

21| DR. BADCOCK: I would like to ask one other question,
li

(] 221andthathastodowiththemodelthatMr. Gruy gave, which~

u ,.

23 , was a square boundary that Mr. Chenoweth gave. His boundaries,
I
I

24 just to look at the map, looked quite different than the ones
Aco reavoi Reporters, ine.|||

25[thatMr. Gruy gave. Do you consider that there was a
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I significant difference between those two, or was the difference

2 just more picturcsque than anything? '

3 MR. ROBERTSON: I have not looked at that particular

O 4 comparison so I don't think I could answer the question.

5 DR. WARNER: Well, the geologic -- in making the

6 geologic maps Mr. Chenoweth made the features appear to be --

7 they don't appear to be exactly a straight line. They will be

8 somewhat curved or Lrregular. In making the computer analysis,

9 the difference between a line curved that much and a perfectly

10 straight line isn't apparent. It really doesn't make any

11 difference.

12 They simply -- it is simply assumed that the barrior

() 13 in a linear one, if it is not so non-linear thnt it is obviour-

a

14y| ly giving you some different response than a liacal barrier
15|would.

I

16 | DR. BAB' COCK: In other words, what you are saying is

|
17 'that geological data support the model that Gruy Associates

18 prepared.
.

19 DR. WARNER: I am not certain that is the case. Therr

20 is a good correlation between the model which Gruy and Asso-

21 ciates prepared and the geology of the areas interpreted on the

|igeologic maps that have been subm.itted. .But as I previously22{)
23 stated, I wouldn't have felt the same compulsion or -- that the

24 Gruy people did in putting -- in putting in some of these
Ace Federal R< porters. Inc

25 | boundaries that are a long dis'tance away from the injection
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1 well based on the data that they had to work with. I can't

.

2 help but believe that the interpretation was a combination of i

3 modeling plus use of the geologic material. I can't -- I

O 4 couldn't possibly have arrived, myself, at the conclusion that

5 some of those boundaries existed without having some reason to

6 do that, because the pressure falloff data are not -- essential 3 y

7 the divergence of the pressure falloff data from a straight

8 line is simply not so -- is not great enough to make one be-
.

9 lieve independently that there has to be a barrier there.

10 There is one very sharp break in the pressure fall-

11 off data. It is an apparent answer shown on the data they

|preparedintheirreport. The other divergences which I saw12
I

[] 13 in nr. van Pon11,n's analysin wid ch was passed around t.oday r.re
,

14 h much less sharp.- That doesn't mean they are not correct.
;

15 His interpretation is certainly as likely to be

16 accurate as anyone else's and perhaps even more so. But the

I
17 data upon which those interpretations are based seem to me to

18 be very few.

19 There are very few points to work with and the

20 divergences are not sharp ones.

21 DR. BABCOCK: Do you consider that it is significant
,

22 that the data given in the May 1, 1972 Kerr-McGee report --
,

23 looking at figure 2, the calculated points do not fall off as

24 rapidly an do the measured p6ints during approximately the'

Ate 4ederal Reporters, Inc.

25 first 60 hours of pressure falloff? After 60 hours the
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I calculated points are always below. Do you place -- is this

2 merely a part of what you said the fit of the data is inade-

3 quate or is this a special item that you wanted to make any
'

4 comment about?

5 MR. ROBERTSON: Well, I think that is why a longer

6 injection test would provide more meaningful information on

7 that. There is a significant difference between the two

8 curves. What the significance is in a long-term pressure injec-

9 tion of, say, waste, you can't determine at this point. That

10 is the question I raised. There is a difference. How much

II difference this would be -- let's say a five-year waste injec-

12 tion may be very significant or it may not be. It is hard to

O '3gserfromi.uiecut..
Id h There is enough difference in the two curves to

15 raise a question.

16
. MR. KORNBLITH: I asked the Applicant's panel this

17 |Ihmorningaboutwhatthedatathattheyshoweddemonstratedabout
i

! .

18 the per:r;eability and leakage of the boundaries other than the
I9! nearest one. Could I get the views of this panel on that?

20 It is figure 14, I believe.

2I MR. ROBERTSON: Well, they did not look at that prob-

22 lem of the leakage of other boundaries, apparently, so there is

23 no data available.

24 MR. KORMBLITH: In other words, you say that figure
Ace-Federal Reporters, Inc.

25 14 -- in running the curves for -- there is a little confusion
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1 in my mind. It says these are the calcula' ed ones for addingc
jeri 10

2 ' permeability to the cast boundary. I was under the impression

3 that the statement this morning snid that it was -- that the
~ ~ '/ 4 leakage was placed at all the boundaries.

5 MR. ROBERTSON: Yes, there is some confusion on that.

6 MR. KORNBL1TH: Is the new testimony any different

7 in that respect?
MA g e

8i MR. ROBERTSON: I was under the impression thatjwas

<c
,all boundaries, but looking at the curve it does say the cast9

cn!
| boundary.f10

j

11 MR. KORNBLITH: All right, I guess my question has

12!|i disappeared.
**

|

d,
,,

I ) 13 0 DR. BAECOCK: T w m: a n v i rm n to know ihe depth that

b+

14 you attempted to go in to the Kerr-McGee results in order to
'i

15 j satisfy yourselves that everything was correct.
4

16 Did you for example take the data as prepared in
!

17 ; the Sperrison report, which is pretty close to the raw data,
p

18 ] and then proceed from that to the various graphs that were
19 made and then proceed from the graphs to the statements that

i
20 were made, or did you go in to the subject that thoroughly?

1
21 | MR. ROBERTSON: I did not take the raw data.

!

DR. BABCOCK. What was ,the mechanism you had of') 22
|t/

23 reviewing the Kerr-McGee data?

24 MR. ROBERTSON: My mechanism was to evaluate the
e -Fedarol Reperters, ice h

25 [ Gruy testimony and attempt to see how the model was manipulated
i i
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1 to arrive at the indicated bounda' ries and other parameters

2 and to see if the conclusions made there were valid in my

3 opinion.

4 My conclusion was that the techniques, mathematical

5 techniques used were accepted and valid techniques. based on ""#
j

6 the equations they had, and that the way boundaries and so

7 forth are manipulated is an accepted way to manipulate the

8 parameters but it is not the only way.
.

9 The solution to a problem like this, to a complex

10 problem like this with many variables, is not unique. You can

11 get a black box. That is a term we use to indicate something
juRroiL4nt .

12 that wil1 manipulate a curve. That does not necessarily mean "7'
3

Q 131t 1.h M t.h e birck box is represen,tative over a longer perica of ' '

s

14| time. That is the general overview I took of it.

I
15 ; CHAIRMAN FARMAKIDES: We are going to permit further

16 examination and further redirect if necessary.

e 13 17 Mr. Irvine?
,

2803 l-
'

18h '

.

19

20

21 .

v

'O -

23

si
24
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4 /, 1 CHAIRMAN FARMAKIDES: We will take a five-minute

2003
2 recess. '

3 (Recoss.)

O 4 CHAIRMAN FARMAKIDES: Mr. Irvine, do you have any

i

5 questions? i

\ s

6| MR. IRVINE: We had about one or two more, but

7 Dr. Warner has raised a new tchnical subject matter about

'

8, which I am considerably uninformed and that was his example

'

9 that he used here.

10 I would like to have Dr. van Poollen ask the
'

r

II questions, if I may,,

i

12 CHAIRMAN FARMAKIDES: The Board wants very much

O 13||toeluciaceteenee=etrerusseceee
a e etie* eso reco-*

14 h needs development. j,

|I

15 || MR. VAN POOLLEN: Dr. Warner, I would like to
i

F -1

16 f ask you -- first I would like to state that you used the

17 |!
'

!

| compressibility of water only - s

,

i'

18j DR.' WARNER: That's correct'.,
/

j .
>

19i MR. VAN POOLLEN: And what would happen to the
i |

''
20| pressure or the 86 feet water rise in the observation, what

21 would happen to t. hat number if you also included the rock

22 compressibility? ,

23 DR. WARNER: It would be smaller but the term is --

24 it is in a logarithmic term so it wouldn't be much smallor.
Acelederal Report..s. Inc.h
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1 ,

I DR. WARNER: I really don't know. I could quickly

2 make a calculation. It is involved in the -- if you took --

3 well, let's put it this way: if the term were taking the logg

b of say a thous'and, the number is 3. If you divide that in' 4

5 half, if you doubled the compressibility, the number would

6 be 500 nnd the log would be 2.6 or something like that

7 instead of 3. 'Thit is the difference.

8 MR. VAN POOLLEN: Could I also ask you if that

9 would be thh'same ~ thing as if instead of measuring it at 600

feet you had measured at 400 feet?

II DR. WARNER: At 400 feet the pressure increase
,

I2 would be higher, of course.

MR. VAli ?OOLLEli: What I can suggealing , if you doubi.ed
(

" |i the compressibility, it is the same as changing the whole
II

15 d location from about 600 feet to about 400 feet?

I0 DR. WARNER: The well term is a squared term, so
i

I7 it is not exactly the saro. Yes , moving the observation --
i

IO | the point I was sithply trying to make was that quite

3 9 |' observable differences in water levels would occur within
|

20| the Simpson formation if you made these simple assumptions
t i

2I I that I was making. That is theion.ly point I was trying to

22 -get across. ,

23 I was trying to get some quantitative figures into

24 an argument which previous to that had simply been a qualitati ve
Ace-Federal Repo.ters, Inc .
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1 MR. VAN POOLLEN: I appreciate that, and I would

2 like to ask you one more question in this regard. That is,

3 you stated that you had one gallon per minute of Icakagers
N] 4,

into the reservoir?

S DR. WARNER: Yes.

6 MR. VAN POOLLEN: At one single point only?

7
DR. WARNER: Yes.

8 MR. VAN POOLLEN: Consequently you used the point

9
source solution?

10
DR. WARNER: No, I used the general solution for a

11 recharged well so it would have been the same as if it were
h

12 |g distributed across the entire formation rather than a point,
q

but the answer wouldn' t be materially different.
h

14 a .

MR. VAN POOLLEN: Wouldn' t it be quite different

15' if this leak were not at a single point but if this leak were
I

16 i

d
distributed over a few hundred feet along a fault plane?

i

17 | DR. WARNER: Of course the fault plane -- I really
j

I
18 ' can ' t -- I can' t comment on that. It would be different,

19 but the -- I can't comment on the magnitude of difference.

20
I don't know what the magnitude of difference would be.

,

21 I would agree with you it would be different, but

("% 22
(_) I don't have -- didn't make any trial calculations on that

23
basis so I don't know.

24
MR. VAN POOLLEN: That is all.

AceFederal Reporters, Inc. |
25 !

h MR. 1RVINE: That is all we have.
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1 CIIAIIU1AN FARMAKIDES: Anything further,

2 Mr Kinsey?

3 MR. KINSEY: No further questions, sir.

O
,

4 CHAIRMAN FARMAKIDES: We will excuse the panel.

5 Thank you very much.

6 (Witness excused.)

7 CHAIMRAN FARMAKIDES: We would like the

8' Applicant, if it will, to allow us to ask a couple of

9 other questions of the Applicant's panel.

10 MR. IRVINE: Yes, sir, that is why they

II remained here.

I

MR. MURRAY: Will the Board want our panel back?I2
|

U CHAIIC'Ri FAPl'AKIDES : I Uculd hope that they would

14 |: stay for another ten minutes or so. We may, although I don't
:1
1

15 know.
h

16 0 While we are getting organized, let me throw out
;\

17 ( a couple of miscellaneous matters that I think we should tend
!

18 to, tie haven' t gotten the transcript yet, but I am sure we

19 i will and I would appreciate very much if the transcript
|

20 |- corrections could be submitted to me within a period of time.

2I I will leave it to Mr. Kinsey and Mr. Irvine. Two

22' weeks? .

23 MR. IRVINE: That will be fine.

[ MR. MURRTCl: We do have to not only obtain our24
Ace-Federol Reporters, Inc j

j transcripts, Mr. Chairman, but we have to send them out to25
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I Idaho and to Missouri respectively to have them gone over and

then get tic responses back. If you would give us maybe a2

little leeway on that.

(
MR. IRVINE: I had not considered that time. We4

5 have the same problem, your IIonor.

0 Cl! AIRMAN FARMAKIDES: All right. Let's make it

7
four weeks.

0 MR. MURRAY: Thank you, sir.

CIIAIRMAN FARMAKIDES : When are the proposed findings

The10 I guess from the Applicant in about fifteen days.due?

11 record won't close until you have supplied all the material
12 that you were going to supply.

|

} I3 MR. IRVIIiE Yes, sir.

I:

I# f CIIAIRMAN FARMAKIDES : Then I think the Staff gets
d
H15
|

another additional period of time so that we have roughly
4

16 | a month from today before all proposed findings need be in,
3

II both the Applicant's and the Staff's. Then I think the

i-
18 ' Applicant has an opportunity of responding further, five more
19 I think four weeks would do it for the transcriptdays.

20
corrections. You won't have the benefit of knowing what

the other parties ' corrections will be in the preparation of21

22() your proposed findings..

All right. Then we will follow the iLles with3

24 ' respect to the proposed findings. That rule in 2.754 or
Ace Fedeect Peporters, Inc.
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I MR. MURRAY: In that' connection, Mr. Chairman,

'2 could we approach the bench on this?

3 CHAIRMAN FARMAKIDES: Yes.

4 (Discussion off the record.)
S CIIAIRMAN FARMAKIDES : We were just discussing dates

6 for porposed findings. The Applicant's proposed findings

7 will be due on or before November 16, 1973. The Staff's

8 will be due on or before November 30, 1973. The Applicant

9 will get five more additional days beyond that in which to
10 comment further.

II Now, I have two other miscellaneous matters.

12 Well, let's go ahead. Iwill bring these up at the

O "g-od. .

M Uhcroupon,
il

15 JOllN S. RODGERS,

16 WILLIAM J. SHELLEY,
t,

I7 | 11 . K. VAN POOLLEN and
l

i

18 i II . J. GRUY
_

I9 resumed the stand and, having boon previously duly sworn, were

20 examined and testified further as follows:

2I MR. KORNBLITII: I wnated to get back once again

22] to this question of leaking boundaries., I have assumed,

23 perhaps incorrectly, that one of you had assumed that all
24 the boundaries leaked.

Ace Federal Reporters, Inc,
'

Is that incorrect? ,

|

25 MR. GRUY: You had assumed correctly. I was

!
,
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I incorrect. I had said that we had assumed that all the

2 boundaries leaked. However, I have now checked and find

3 that we only made the eastbound permeable. That is the only

4 one. I was in error. You understood me correctly, but I

5 misstated the facts.
.

6 MR. KORNBLITH: What then is the basis for your

7 assurance that the other boundaries don't leak?

8 MR. GRUY: It would be the most sensitive to the

9 closest boundary. These models are very sensitive to the

10 total volume in them. If you changed the boundaries you

II would change the total volume. If you changed the total

12 volume of the thing you would get quite a different picture.

() 13 Of ccurcc, there can bc no definite finite ancwcr

14 E to your question without having made more runs with different

15 |
!

assumptions, which I have not done. But I believe that the

16 runs that we have made fairly describe the system.
I

17 | MR. KORNBLITH: Let me ask you a little more
I

18 specific question. If I recall 'the numbers you stated on

19 the basis of these runs that at the east boundary you could

20 det2ct forty barrels a day but not four. Is my

21 recollection correct? |s

|
22 MR. GRUY: Right.

{
.

23 MR. KORNBLITH : What vould the comparable numbers

24 be, if you can make an estimate, for a boundary 13,000 feet
Ace Federal Reporters. Inc.

I25
p away?
d
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1 MR. GRUY: There would be a good bit of difference.

2 I don't know what the comparable number would be.

3 MR. KORNBLITH: Would they increase faster than

O '

4 the distance to it faster?

5 MR. GRUY: Once you are filled up it wouldn't

6 make any difference.

7 MR. KORNBLITH: That doesn't come for a hundred yea rs?

8 MR. GRUY: No, we would be filled up pretty quick.

9 We are saying 29,000 feet and this is 150 hours. I don't

10 mean filled up. I mean once your pressure is affecting your
a

11 boundaries, onceyou have had a pressure increase at your

12 boundaries, which we haven't had a pressure increa'se at our

] 13 farthest boundarien nu or the onr1 of thin Pont. --
|

14 [ MR. KORNBLITH : I was not looking now on the 30,00u
,

i
15' foot boundary. I am still at a c1cser one, 13,000 feet.

16 | If the distance to the boundery instead of being 1100 feet

d

17 h is 11,000 would the sensitivity go down by a factor of 10

i!
18 " or more or less? Is that a linear or nonlinear function?

.

19 MR. GRUY: Do you know, Dr. van Foollen or

20 Mr. Rodgers?

21

22
(~') ,

,

V
23

24
Ace Federal Reporters, Inc.
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1 mil 1 MR. GRUY: I can answer the question. It is

2 dependent on the shape factor and so many things.

3 MR. KORNBLITH: All right, if you can't answer

O 4 the question, there is no point in trying to repeat yourself.

5 Thank you.

6 DR. BABCOCK: I have no further questions.

7 (Discussion off the record.)

8 CHAIRMAN FARMAKIDES: Thank you very much for your
.

9 patience. This ends the Board's questions.

10 (Witnesses excused.)

11 CHAIRMAN PARMAKIDES: I think we are clear now on

12 the transcript corrections and other proposed findings.

O 130^'"'wo">aeertheeweaevereceivca1=tacme11
l!

14 |; addressed to the Atomic Safety and Licensing Board, a letter

b
15 from Mrs. M. E. Arnold, President, League of Women Voters

16 of Oklahoma, 808 South Peoria Avenue, Tulsa, Oklahoma. In

17 |'| she says that she would like to have this -- as weessence,
,

18 fi understand the communication, she in essence says she would

19 like to have this be her limited appearance. We will read it

20 '- into the record.

21 " Statement to the Licensing Board of the AEC.

22 "RE: Kerr-McGee Corporation.

23' " October 10, 1973.

2'l "The League of Women Voters of Oklahoma is con-
Ae-Federal Reporters, fx. g

25 d corned about the Kerr-McGee Corp. request to dump radioactive
i

F
d

!! -

_ _ _ _ _ - - _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ - - - - - - _ - _ _ _ _



r

364

2 mil I wastes into a 3,000 ft. disposal well at their plant near Vian,

2 Sequoyah Co., Oklahoma. We feel that a decision of this

3 nature is of such importance as to warrant the full publica-

b''- 4 tion and open hearings that any real or potential source of

5 surface water pollution vould receive.

6 " Deep well disposal systems which dispose of wastes

7 too concentrated and dangerous for surface disposal are not

8 perfect systems. Geological factors which make the difference

9 between safe conditions and hazardous ones are not always

10 possible to predict and any error or accident produces pollu-'

11 tion lasting for generations. There can be no provision

12 for cleanup.
I

(} 13 "The T,eagun has long supported publicizing all data

14 on pollutior and pollution control programs as well as

.'

15 ] increased opportunities for citizen participation in

16 hearings and on decision making bodies. Basic to this is
,

'

17 || good communication between industry, regulatory agencies and
'

18 1 citizens.
.

19 "Mrs. M. E. Arnold, President

20 " League of Women Voters of Oklahoma"

21 I think insofar as the Board is concerned, an issue

r~g 22 similar to this with respect to the int.orvention of the
b

23 parties was introduced at the August 14 hearing. I think

24 the Board met that by allowing additional time for interven-
ke. Federal Reporters, Inc.

25 | tion, additional time for limited appearances from that time,
It

4
b
i:
11
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3 mil August 14. The notice was published on August 16, as I recallI

2 We gave 30 more days, which would expire September 17. I

3 think we have had a full public hearing as requested by the
O

Applicant and I think it has been properly noticed not only ind

5 the Federal Register, but as I understand it, it has been

6 noticed through other means.

I have, in addition, one other miscellaneous matter7

8 to raise. I have a filing submission for filing submitted

9 by the Applicant through his attorney in which he wishes,
10 I understand, a letter to be antered into the record. The

'' letter is dated August 8, 1973. It is to Mr. W. J. Shelley,

I2 Director, Regulation and Control, Kerr-McGee Corporation.

O p" ' It is trom the Uklahoma State Deportment of Heallis, Nor tlicas t
,

Id| 10th and Stonewall, Oklahoma City, Oklahoma, signed by
i

15' Mr. Robert L. Craig, Engineer.
I

16 | It goes to the application filed by the Kerr-McGee
II Corporation. Is there any objection to this letter being

18 received into evidence? |

MR. KINSEY: There is no objection.

CIIAIRMAN FARMAKIDES: The letter so be received

21 as Applicant's Exhibit No. 3.

22 (The document referred to was

23 marked Applicant's Exhibit No.

24 5, for identification, and was
AceJederal Reporters, Inc. ,

'

25 '| received in evidence.):xx
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4 mil 1 CIIAIRMAN FARMAKIDES: Dr. van Poollen was going to

briefly sketch on paper his extrapolation of the last two2

frames of the worksheet that he had earlier identified as3

O Applicant's Exhibit 4, and then that Exhibit 4 was withdrawn.4

So the new Applicant's Exhibit 4 will be that short graph.5

Also I want to be certain that copics of the Staff' s
6

testimony have in fact been filed with the Commission.7

8 MR. KINSEY: They have.
.

9 (Discussion off the record.)

10 CIIAIRMAN PARMAKIDES: Yes, is there anything else

that you would like to raise at this time in this proceeding?11

12 Mr. Irvine?

In n3 er to complete the record, may() 13 ||
dMR. IRVI!!E :

9

14 ||
we now offer the copies of Exhibit No. 3 that we spcke

l
i about earlier that we have now had copics and are prepared15

16 to introduce?

17 CilAIIU!AN FARMAKIDES: This will be Applicant's

18 Exhibit 2. All right. Do you also have a copy for the'

,

19 Public Proceedings Branch?

20 MR. IRVINE: Yes, sir, as many as we need.

21 CllAIRMAN FARMAKIDES: Give those to the Court

22 Reporter. lie is the one who will te sending those in.()
23 Is there anything else, Mr. Irvine?

24 M.R . IRVINE: No, sir, I believe not.

Ace-Federal Reporters, fx.

25|
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ISmil anything remaining?

2 MR. KINSEY: Other than when you indicated filing

3 testimony with the Commission, you mean one copy for you for

# inclusion as an exhibit in the record?
5 CIIAIRMAN FARMAKIDES : That has not been donc so

0 far as I know.

7 MR. KINSEY: I have it here.

O CIIAIRMAN FARMAKIDES: As I understand it, on your

9 testimony you indicated that the Public Proceedings Branch
10 has copics.

'' MR. KINSEY: As does the Appeal Board.

CilAIRMAN PARMAKIDES: All right, that is suffi-
,

, , Il
' " |1, cient.

1
148

|
Gentlemen, this is all that I have. Thank you

very much. I th5.nk we have had a fruitful day. It is stillI

i

!

j carly enough for you to catch your planes. Thank you again.16

17| The proceeding is complete.
I

'

18 ' . (Whercupon, at 3:20 p.m., the hearing was

19
adjourned.)

20

!
21

22 ,

23

24
A e Federal Reporters. Inc.
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