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CR 2802 1 UNITED STATES OF AMERICA
liaines

Ro 2 ATOMIC ENERGY COMMISSION

3 - - - - - - - - - - - - - - - -X

4 In the matter of: : '

,

: Docket No. SUB-1010
5 KERR-MC GEE CORPORATION :

6 ----------------X

7

Courtroom No. 1
8 U. S. Tax Court

1111 Constitution Avenue, N. W.
9 Washington, D. C.

10| Monday, 15 October 1973

'. 11 The hearing in the above-entitled matter was convened,
l
'

12| pursuant to notice, at.10:00 a.m.
h

13 DEPORE:
o

| Id| JO!!N PARMAKIDES, Chairman, Atomic Safety and
| |- Licensing Board
| 15 g,

| | LESTER KORNDLITII, !! ember
16 |!!

I I
' i DR. DALE DADCOCK, Member

'I N
| APPEARANCES:

18:

PRANCIS S. I RVIllE , Eng., Korr, David, Irvino, Durbago
39

| ! l, Groon, 600 Pidolity Plaza, Oklahoma City, Oklahoma;
| on behalf of Applicant.
| 20

ROY E. KINSEY, JR. and JA!!ES P. MURRAY, JR., Engn.,
2I U. S. Atomic Enorgy Comminnion, Washington, D. C.:

on behal f of itngi:latory Staf f.
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5 John S. Rodgers, William J.
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11 1972) 61 61
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| ture nap, southeast Goro area);

O 13 q 2D (Ra>gional struct uro enap, top
| [ of Arbuckle); 2C thru 2P (5
j I4 ;j overlays; brochure at services
j 4 offered by Gruy & Associates,

is ; 20 Nov. 1972); 2G (Brochuro by
d Gruy & Associates, 20 Nov. 1972,

16 "Roservoir Analysis by Numeri-
,a cal Simulation Models); 2 11

17 | (Abstract prepared by John S.
! I Rodgora and others, with attached
l
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19 (Paper presented to American
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| 23 fications of Philip Chenowath);

3D (Tostimony & qualifications
24 of !!. J. Gruy); 3C (Tostimony &

ror,6,ap.p,,....in.[ qualifications of !!.K. van Poollon);
25 & 3D (Tontimony & qualifications of

| Charlos J. Sternhagen) 66 66
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2802 2 CIIAIRMAN FARMAKIDES: Good morning, ladies and

3 gentlemen. It is now 10:00 o' clock and the hearing will be

4 in order.

5 This is the first day of the evidentiary session

6 in the matter of the application of Korr-McGee Corporation to

7 amend its source material license so as to authorizo sub-

: _" a c :. 8 surface disposal of certain liquid radioactive wastes.

9 The amendment requested would permit the licensee
.

10 to utilize deep well disposal of' raffinate wastes

I I. generated from the solvent extraction uranium purification

12 process at its Sequoia facility.

O g'a' The santi=> tion ene ritee en x=e 1s. 1972 +
14 " by letter dated September 29, 1972 the Deputy Director of

15
,

the Regulatory Staff advised the licenseo that its amended
i

16 request had been donied.

17
| The licensoo then responded with additional
i
'

18 information.

19 Ilowever, the Deputy Director again, by letter

20 dated March 14, 1973, reaffirmed its denial.

21 On April 5, 1973 the licennoo requestod a hearing

22 pursuant to 20 DPR 2.103. On July 10, 1973 the Atomic

23 Enorgy Commission issued a notico of hearing published in the

24 Federal Regintor at 20 FR 18921, directing that a honring
An reds.ot n.pm., . in<.

25| be hold to considor this aphlication of the Morr-McGen
, ,

\ t
'

. I

< -'
- _ _ _ _ _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ __
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1 Corporation.

2 The notice of hearing directed the Board to

3 consider and to decido certain issues in this proceeding

O 4 which we have articulated earlier and they appear on page 3

5 of the transcript of the prehearing conference dated 14

6 August 1973.

T on August 14, 1973 this Board held a prehearing

8 conference in preparation for this evidentiary session.

? At this time counsel for the Natural Resources

10 Defense Fund appeared and argued on behalf of a " Petition

II To Require Publication of Proper Notice of IIcaring" which had

12 boon filed with the Commission and the Board on August 7,

O [
1972 e13' r ene "aeurat neeoerce oere ee v-a.

14 Following such argument and in consultation with

15 q the parties the Board issued a prehearing conference order

16 and notice of extension of time to intervene. This was
t

17 L published in the Federal Register on August 16, 1973, at
i

18 28 FR 22175.

19 Through this manner the Board gave notice and

20 permitted an extension of time of thirty days within which

21 petitions to intervene could be filed.

22 No petitions to intervene have been received and

23 we assume that none have boon filed.

24 Accordingly, by memorandum and order of this
usted: ras n po.,,rs. en,.

25| Board dated September 21, 1973, we called for the

|

.

k_.-__.__.__._-__... _ . - _ _ . - - - _ _ _ - . - _ _ . _ _ - _ _ _ - _ . _ _ . _ _ - _ - . - _ - _ - _ _ _ _ _ - _ _ - - - - _ _
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1 evidentiary session to be held commencing today.

2 I believe that summari=es the actions taken to

3 date.

O d I would further note in my preliminary remarks

5 that in response to the Board's dire ction the parties have

6 submitted a joint statement of proposed issues dated

7 September 21, 1973.

8 The Board wishes to recognize the responsible

9 action of the parties in agreeing to this joint statement of

10 the issues.
,

, .,
II - ) Also, in response to a request that we made,

12 the parties filed on September 21, 1973, a joint motion for
> -

() 13r onwoa,,14nn .,.hich this Board'hth cdopted with ccmc minor.

i

14 } ' changes. > > .
3 ,

.

15 We have also received'all the testimony which,s

16 the parties filed, so I thi~nk we are in the position of
'

17 being able to proceed.

18 Last time we identified the other two members of
* #

19 the Board. On my right,,Dr. Babcock and on my left Mr..

20 LKornblith. ' /

21 I would like to ask the parties now to make their

22(} appe rances.

23 ', For the Applicant?s

> -

24 '
) s MR. IRVINE: Francis S. Irvine, Attorney, Kerr,

ActFederti Reporters, Inc., ',,

25 Davis, Irvine, Burbage & Green, Oklahoma City, Oklahoma.

, |

< '13 |- .- <

__
,m
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1 CIIAIRMAN FARMAKIDES : For the Staff?

2 MR. KINSEY: Roy Kinsey, U.S. Atomic Energy

3 Commission. And I would also like to identify my co-counsel

1
'/ 4 Mr. James P. Murray, Chief, Rule-Making and Enforcement

5 Council, U.S. Atomic Energy Commission.

6 CHAIRMAN FARMAKIDES: Thank you very much.

7 We are prepared to proceed.

8 I think the procedure that we had discussed was

9 that the Applicant, as stated in the Joint motion for

10 I scheduling which we agreed to adopt, would put on its case

11 first.

12 We will proceed with the Staff after the Applicant

() 13 has completed and rests.

14 " We would hope that the examination by Luth parties

15 would make the record. If not, the Board is prepared to ask
!

16 | certain questions and we would hope that you would ask

17- questions of the Applicant following the Applicant's direct

18' case, but we would like to be certain that the witnesses

19 of the Applicant hopefully will be made available to the

20 Board if there are any further questions the Board should

21 have after the Staff has made its case.

(~ 22 MR. IRVINE: Mr. Farmakides, if I might, we haveV;
23 one small problem here. Dr. Sternhagen, whose testimony has

24 .
been submitted in here, is, as you can see, a medical doctor

ActFedsrol Reporters, Inc.

25 and has some cancer patients in New Mexico. We are going to

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ . _ ___ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _J
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1 put his testimony on second in our presentation.

2 We would apprecaite it if any questions that need

3 to be directed to Dr. Sternhagen by the Board could be done

('h
\J 4 today, if possible, so that if at all possible he could go

5 back tonight because he has difficulty having a replacement

6 for himself in New Mexico.

7 CHAIRMAN FARMAKIDES: Yes. I think that would be

8 something the Board would permit.

9 Any questions we might have, we will ask your

10 panel, if you have one, and we really don't care who answers

11 them, so long as the Applicant answers.

12; Let's proceed that way.

() 13 T alan undarstand you all to agree to the fact
I!

,

14 that we would go ahead and accept the written testimony.

I,

15 p You might summarize, if you will, but really it is the
1
i

16 | interrogation of the witnesses supporting that testimony

|
17 i that will be the main course of business today and tomorrow.

18 Is that correct, Mr. Irvine.

19 MR. IRVINE: Yes, sir.

20 Not knowing exactly how the Board intended to

21 proceed, we had intended, I might say, to introduce the

{} witnesses and introduce their written testimony and let them22

23 adopt it and then whatever questions we need or that the

24 Board has or in the way of cross-examination can be asked.
ActFedwal Reporters, Inc.

25 We have tried to present in our written testimony

.

k___..__ - . _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ . _ _ _ _ _ - _ _ . _ . _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ - _ _ _ . _ _ _ _ _ _ - _ _ . - _ _ _ _ . _ _ _ _ _ _ _ __ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___b
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I as complete information as we possibly could.

2 CHAIRMAN FARMAKIDES: Mr. Kinsey, I assume this

3 is satisfactory with you.

O 4 MR. KINSEY: That's correct, sir.

5 MR. IRVINE: May we ask one other question?

6 Will we be permitted redirect examination?

7 CHAIRMAN FARMAKIDES: Yes. We really want to

8 develop all the facts , sir, and we want your case to be

9 completely in the record as is the Staff's case.

10 It might be to your advantage -- and I think we

II did discuss this over the phone -- to go ahead and put on a

12 panel of all of your-witnesses. Perhaps this might be one

_O g e==v w=v wh==csv =c ccn sust dircct auc=eton= to the scne1.'a

I4 Whoever on that panel can best answer that question proceedinc

15 to do so, sir.

16 MR. IRVINE: All' right, sir.

17 CHAIRMAN FARMAKIDES: Is this all right with the
'

18 Staff? *

I9 MR. KINSEY: The Staff had intended to use n.

20 three- or four-man panel.

21 CHAIRMAN FARMAKIDES: So you are going to do the

22 same thing anyway?

23 MR. KINSEY: Yes, sir.

24 CHAIRMAN FARMAKIDES: Let's both sides do it. It
Ace Fedxcl Reporters, Inc.

25 will be more convenient, I would assumo, unless there are

s _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - _ _
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|

:

I any specific questions that have to be directed to a

2 particular person. Then we will indicate that Mr. So-and-So

3 should answer the question. Otherwise the questions

O , -

will be directed to the panel.

5 MR. IRVINE: Very good, sir.

6 For the purposes of convenience may we just have .

7
them introduce their written testimony one at a time and

8
present the panel all at one time for any examination we need?

9
CHAIRMAN FARMAKIDES: Any way you want to do it.

MR. IRVINE: It doesn't make any difference to us.

CHAIRMAN FARMAKIDES: The easiest way from my point

12 of view is for both sides to indicate they have no objection
13 F to Lhe introduct. ion of the testimony, with the credibility
Id

of the witnesses. You can stipulate that the testimony is

15 what it purports to be and from that point on we can mo"e
16 ahead.

!

I7
We de not have to worry about formalities. I i

1
18

do not believe there are any formalities in this case and

I9 that we can get down to the issues quickly.
20

If the two sides can agree to this, please let

21 me know and you can both enter a joint stipulation.
22Q MR. KINSEY: Yes, Mr. Chairman. '

23 We would have'one objection to the testimony of"

24 Mr. Shelly. Specifically the attachment.
Actfedsrel Reporters, Inc.

25
CllAIRMAN FARMAKIDES: In other words, you have no

.

N__..--_- _ - - _ - _ - _ _ _ - - . - - - - _ _ _ _ - - _ . - _ - _ - - . - _ _ . _ . _ . _ - _ . - _ _ . . _ _ _ - _ _ _ _ _ _ - _ _ . _ - - - _ . _ _ _ _ _ _ . _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _
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I objection to the other testimony.
,

2 MR. KINSEY: That's correct, sir.

3 CIIAIRMAN FARMAKIDES: And you would --

4 MR. KINSEY: The Staff would be more than willing

5 to stipulate as to authenticity.

0 CHAIRMAN FARMAKIDES: And it may be received into

7 evidence?

8 MR. KINSEY: That's correct.

9 Specifically I am referring to the attachment

10
entitled the Applicant's Environmental Report.

II
CHAIRMAN FARMAKIDES: Do you have any objection,

I2
Mr. Irvine, to any testimony submitted by the Staff?

13 :
MR. IRVINE: No,. sir,

h
I4

CHAIRMAN FARMAKIDES: So you would have no

15 problem seeing it received into evidence?
/

I0
MR. IRVINE: No, sir.i

I7
. CIIAIRMAN FARMAKIDES: Both of you will have to be
f

j 18
sure you identify all of your testimony properly so that you

e

| 19 can refer to it later. You might want to identify each of
i

.20
; the written testimony separately.

2I Let's go off the record for two or three minutes.

22
; (Discussion off the record.)

23 CHAIRMAN FARMAKIDES: Let's go back on the record.

24
j Ace Federol Reporters, Inc. *

IRVINE: Ifthe Board please, we would like toMR.

25 have the May 10, 1972 application attachments -- will they be ;

|.
,

';
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I a part of the record automatically or do we need to

2 introduce those at this time?

3 CIIAIRMAN FARMAKIDES : The record is made by you.

4 MR. IRVINE: We would like to have the May 10, 1972

5 application and attachments made a part of the record, the

6 information that was submitted on November 20, 1972 at the

7 meeting that has been referred to here --

8 CHAIRMAN FARMAKIDES: How do you identify that,

9 sir? How would you identify it? I don't know what informa-

10 tion you are talking about.

II MR. IRVINE : The geological documents and

12 information, the information submitted by Mr. Gruy and

O '3[=====i====.
Idi CHAIRMAN PARMAKIDES: What is the title of that

i

15 document?

16 Incidentally, all exhibits have to be in three

I
17 copics. These are the rules. The reason being that we have

'

18 to have copies'to put in the public proceedings branch, copies

19 for the Appeal Board and copies for ourselves. So if you

20 don't have copies of these things, how can you file them as
,

21 exhibits?

22 MR. IRVINE: They have already been entered.{},

23 Copies have been furnished.

24 CHAIRMAN FARMAKIDES: Entered where? Not in this
AoFed;rol Reporters, Inc.

25 record.

_ _ _ - - - _ - - . - _ _ _ _ - - - _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ . . _ _ _ _ _ - - _ _ - _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - . _ - _ _ _ _ - _ - _ _ _
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1 MR. IRVINE: Copies have been furnished to the j
|
t

2 Board and I had thought that that was sufficient. We did not
! !

3 bring any extra copies with us. !

() 4 CHAIRMAN FARMAKIDES: I think the rules are very
'

;
r

5 cicar. It is not copies of the Board that I am concerned
,t

6 with, it is the official copies for the public record. The

1 7 public record is, of course, the public proceedings branch |

8 here. They are the ones who keep the public record, at 1717 .

t

'
9 H Street. They have to have a copy.

i

10 Also, we have to have a second copy which goes, j-

11 then, up to the Appeal Board for its consideration if there

12 is any appeal. .
i.

() 13 f MR. IVIME: I mm. sure -- I feel certain that the

14 copies have been filed with the public document room. ;*

15 CHAIRMAN FARMAKIDES: Sir, I will take your word ;
I

16 as counsel for the Applicant that this in fact has been done i

I.
i

17 and I assume that you will do it if it has not been done. !
i

18 MR. IRVINE: Yes , sir, we will. I
t

19 CIIAIRMAN FARMAKIDES : And you will check that,

20 please? -

21 MR. IRVINE : Yes, we will check that and find out. :

22{} May we then have permission to, at the conclusion

23 of this hearing, leave the record open long enough for us to j
!

*

24 submit the extra copy that may be necessary for filing here? !
ActFMwol Reporters. Inc. |

25 Cl! AIRMAN FARMAKIdES: I assume that you are going I
*c

|
|

f i

C ._ _ ..- _ _ _ _ _ _ _ _ _ _._ __ _ __
_ _ _ _ _ _ ,i
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1 to comply with the rules of the Commission and those rules

2 call for three copies. I assume, then, that if you have not

3 yet submitted those three copics to the right people that you
O 4 will do so.

5 MR. IRVINE: Yes, sir.

6 CHAIRMAN FARMAKIDES: What we might do is af ter

7 this session is over perhaps we can got together informally

8 and discuss a little bit further how this should be done.

9 This is an extremely important aspect of this hearing.

10 Let's not use up any more time at this moment.

11 You will be certain that this information is in the public

12 record? .

() 13 1 MR. IRVTNF.: I will, sir;
,

14
| CHAIRMAN FARMAKIDES: What is it that you want to

15 now identify for the record?

16 MR. IRVINE: The application and attachments

17 dated May 10, 1972.

18 CHAIRMAN FARMARIDES: Is there any problem with

19 the Staff on that?

20 (No response.)

21 We will receive into the record as part of your

22 direct case the application and the attachments to the
[}

23 application.

24 MR. IRVINE: And the geological and engineering
*

AnFedwol Reporters, Inc.

25 information submitted at the meeting with the Atomic Energy

.
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:

i ,
' I Commission on November 20, 1972.

|
1 \

i 2 CHAIRMAN FARMAKIDES: You have to be more specific,
i3
k

1

3 sir. If you want to make that your Exhibit Number 1 and then,

!O ;

d
} you take care of furnishing all that material as your Exhibit ;

'

1
i 5 1.--
i

l
0 MR. IRVINE: Yes.

,

l |

-| 7 Cl! AIRMAN FARMAKIDES: -- I am prepared to do that, f
!

8 MR. IRVINE: Yes, sir. We will do that.
i

I 9 CHAIRMAN FARMAKIDES: Is there any objection to E

t.

i'

j 10 Exhibit Number 17 !
!

t

II MR. KINSEY: There is no objection, sir. j
<,

I2 CHAIRMAN PARMAKIDES: Off the record.| 1

I3 f (Discussion off the rccord.)
'

d'| 1

!|
M CHAIRMAN FARMAKIDES: Let's take a short recess.

j ;

2ndl IS (Recess.) !

2802
2 16 CHAIRMAN FARMAKIDES: During this recess we had a

i t

i 17 little conversation with the parties and the attorneys
; !

l 18 thought that much of the eviden'ce has already been identified. !

(i
, 4

j 19 It is just a question of getting it into the record properly.

j 20 Mr. Irvine, will you proceed? ;

i, 21 MR. IRVEINE: For Applicant's Exhibit Number 1, |
i i

22 the original application and attachments theroco being

23 Exhibits A through I.
! :

I 24 CllAIRMAN FARMAKIDES: Applicant's Exhibit 1, with L

'

j Ace Fedsrol Reporters, Inc.

] 25 attachments A through I. ,

! !

i i

I f
:

i i*

. - , _ , , , . . ,------,-,-n,-,,,..,.,,. . , - , _ , , _ . , , . _ _ , .---.,-,---n--,nn. n--
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.

I MR.~IRVINE: Yes.

2 Cl! AIRMAN FARMAKIDES: And the attachments are the

3 attachments to the applications?

O .4 MR. IRVINE: Yes, sir, and referenced in the

5 application.

| 6 CIIAIRMAN FARMAKIDES: Are there any objections

7 to this being received into evidence?

8 MR. KINSEY: No objection.

'

9 CHAIRMAN FARMAKIDES: It will be so received.

10 (The documents referred to were marked

II Applicant's Exhibit Number lA through |

,

!
>

12; 11 for identification, and were I-

i |

13 !| rcccived inte evide..cc.) I

!!

l'I f MR. IRVINE: Exhibit Number 2 consisting of

15 several parts, Part A being a regional structure map,
t

16 I
southeast Gore area, a regional or a structure map on the

17 top of the arbuckle.

18 CHAIRMAN FARMAKIDES: That is actually 2A and 2D.

19 2C, diagrammatic cross-section showing relationship -- I am

20 sorry, may we back off one time?

21 2C will be five overlays to accompany 2D.

22 CIIAIRMAN FAPJtAKIDES: And these five overlays, are

23 they identified separately?

24 MR. IRVINE: Yes, representing layers 1 through 5
Aca Fedarol Reporters. lac.

25| of the five layers which the 'Gruy tentimony has indicated.

i ,

_ _ _ - _ _ - __ _ . _-- _-_-- . _ _-.- - - - _ . - - _ . - - _ . - - - _ - _
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I Cl! AIRMAN FARMAKIDES: There is one overlay for4

i

2 cach layer?

3 MR. IRVINE: Right.

4 CIIAIRMAN FARMAKIDES : And each is identified with

5 its corresponding layer?

6 MR. IRVINE: Yes, sir.

7 Exhibit 2D is a diagrammatic cross-section showing

8 relationship of Morrow limestone to ground surface.

9 Exhibit 2E, diagrammatic cross-section showing

10 relationship of Spiro sandstone to ground surface.

II Exhibit 2F, copy of publication by II. J. Gruy E.

i

: 12 Associates, Inc. entitled Transient Pressure Analysis.

I O ' 3 ", C:: air:Au ram AxIDES: wh== i= the e=t= o= that.
||

14 ] sir?
i

15 ] MR. IRVINE: I am sorry, air, it does not bear a !

|16 , date. It was introduced on November 20, 1972, or itwas
|
'

17 prepared on November 20, 1972.

18 DR. BABCOCK: I notice a number of documents that

19 you and others have furnished don't bear any dates at all.
|

20 Could I make a request that these get a date?

2I Cl! AIRMAN FARMAKIDES: I would be most appreciative.

22 The problem, of course, is keeping all this

23 material separate and distinct so we can identify it easily

24 and the date is the casiest way of identifying a document.
Ats Fedsrcl Reporters Inc. i

25 If you put it on the document, please put it in the upper
1

.
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I right-hand corner. It is very helpful if all the dates are

2 at one place so we can find the dates quickly.

MR. IRVINE: This brochure is not a special study.

4
It is a brochure of services offered by the Gruy Associates.

5 May we date it November 20, 1972?

6 CIIAIRMAN FARMAKIDES : All right. Fine.

MR. IRVINE: Exhibit 2 G, another brochure

8 prepared by Gruy & Associates dated November 20, 1972

entitled Reservoir Analysis By Numerical Simulation Models.

10
Exhibit 211 is an abstract prepared by John S.

Rogers and others, Application of Numeric Simulation to

a Multi-Zone Waste Storage Problem, with an attached letter

from the Society of Petroleum Engineers dated September 22,

I# 1972.

15 )I Exhibit 2I, a paper presented to the American

!16
Institute of Mining, Metallurgical and Petroleum Engineers

|
I7

| on September 28, 1969, entitled Simultaneous Solution of

0 Multi-Phase Re'servoir Flow Equations.

CI! AIRMAN FARMAKIDES: Is that all of Exhibit 2,

sir?

MR. IRVINE: All of Exhibit 2, yes, sir.

Cl! AIRMAN FARMAKIDES: Any objection?

MR. KINSEY: No objection.

Cl! AIRMAN PARMAKIDES: It will be so marked andActFederel Reporters, Inc

25{ roccived into evidence as so identified.
6
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1 (The documents referred to were marked

2 Applicant's Exhibits 2A through 2I

l
! 3 for identification and were

O 4 received into evidence.)
'

5 MR. IRVINE: And pursuant to our conversation, we

6 will furnish the requisite copics of these documents for filir g.

| 7 Exhibit Number 3 consists of the written testimony

8 and qualifications of the following: 3A, Dr. Phillip A.

9 Chenoweth; 3D, !! . J . Gruy; 3C, Dr. van Poollen; 3D,
..

10 Dr. Charles J. Sternhagen. William C. Shelley,

11 CllAIRMAN FARMAKIDES: That is Applicant's Exhibit

12, 3E7 .

() 13 MR. TRVTNF: Yen, ni r.

!!

14j That is all of Exhibit 3.

15 I might state for the record that copics --

i

16 | three copics have been furnished to Mr. Karas, the Chief of
I

17 d the Public Proceedings Staff, copies were supplied to the

18' Atomic Safety and Licensing Appeal Board and copies were
l

19 furnished to the Board and to the members of the Atomic

| 20 Energy Commission. ,

21 Cl! AIRMAN FARMAKIDES: Are there any objections

[]) 22' to marking Applicant's Exhibit 3A through E? ,

23 MR. KINSEY: There is no objection to the marking

(
| 24 of any of these as exhibits.
| AwFederal Reporters, Inc.

25 Cl! AIRMAN FARMAKIDES: You do have an objection to - -

i

I

I
L .
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I NR. KINSEY: We would have an objection to a

2 portion of Exhibit 3E, the testimony of Mr. Shelley.

3 CIIAIRMAN FARMAKIDES : Then let's hold 3E out for

O 4 the moment. No will discuss this later when we get to that

5 point.

6 We will receive into evidenco Applicant's Exhibits

7 3A through 3D.

8 (The documents referred to were
9 ' marked Applicant's Exhibits 3A

10 through 3D for identification and

II were roccived into evidence. )
,

12 |6
Cl! AIRMAN FARMAKIDES: Are there any other

O > > ij exhibits that the Applicant is going to be ottoring?

014

| MR. IRVINE: No, sir.

15 ;{
Cl! AIRMAN FARMAKIDES: Would the Staff like atj

16 I

this point to proffer all of its evidence?
,

MR. KINSEY: We can at this timo.
i

18
CIIAIRMAN FARMAKIDES: Why don't we do it and wei

I

19 i will have it all at one place in the record. It will bo

20
convenient that way.

; MR. KINSEY: Staff's Exhibit A would consist of '

the testimony and attached statement of qualifications of

Mr. Donald A. Mussbauer.
'

;

24 SuH MRh B wod coubt of W usWey W
Ac>r.awat n.po,,.r . in< ,,

25 '| attached statomont of qualifications of Dr. Donald L. Warnor.

| -
;
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1 Staff Exhibit C would consist of the testimony and

2 attached statement of qualifications of Mr. John D. Robertson.

3 Staff Exhibit D would consist of the statement of
() d qualifications of Mr. George D. DeBuchananne.

|

| 5 That composes the Staff's list of exhibits.
|

6 I airo would refer to my letter to the Board of
1

7 October 5, 1973 enclosing copics of the testimony and

81 indicating that copios have been furnished to Mr. Karas in the

9 public proceedings branch and the Atomic Safety and Licensing
,

10 Appeal Board.

Il CilAIRMAN FARMAKIDES: Thank you, Mr. Kinsey.

12 Any objections to the proffer of the Staff?
t

h
13 , !!R. InVINE: No, cir,

h

14 h CilAIRMAN FAEMAKIDES: They will be so identified

0
15 , and roccived in evidenco as identified. I

16 | (The documents referred to woro marked
Li

17 Staff Exhibits A through D for

18 identification and were received
-

19 into evidence.)
,

20 MR. IRVINE: If the Commission pleaso, then

21 we would --

22 CilAIPP.AN FARMAKIDES: We are not the Ccmmission.

23 We are the Board.

24 MR. IRVINE: Excuso me. Do you object to the j|
| AwFederal Reporters, Inc j

25' promotion?

|
|

|
'

. - _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _
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,

t

: -

I
| Then, based upon our previous; discussion, I would

2 offer these exhibits and we will do so with the gentlemon

3 who have prepared them.

O , .

I will call Dr. Chenoweth.

)nd2 5

(302
i 6

7

8

9

10

11

12 .

O 'a i'
i

14 |
)
i

15'

16|
6

17
,

18

19

20

21

l

22

23

24
ActFedeetl Reporters. Inc.p

*

25
.
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XXXXXI Whereupon,

2 Pl!ILIP CilENOWETl!

3 was called as a witness on behalf of the Applicant and,

o 4 having been first duly sworn, was examined and testified as

5 follows:
|
'

6 DIRECT EXAMINATION

7 DY MR. IRVINE:
i

8 0 Wou3d you state your name, please?

9 A Philip Chenoweth.

10 0 Where do you resido, sir?

11 A Tulsa, Oklahoma.

; 12 O I hand you.this document and ask if you can

O 12||ideneifrehet> .

!.

14 [ A This is a list of my qualifications as a geologist.i

I
15 Q Which has been submitted as a portion of Exhibit'

16 No. 3?
i

17 A Yes.

b|
| 18 Q Do you adopt this as your tentimony in connection

'

19 with your qualifications?

20 A I do.

21 O I hand you thG document and the various att.achmentr.

| 22 listed in hero.

23 Do those need to be identified?
,

24 Cl! AIRMAN FAR!!Al* IDES : What document are you handing |
Ace rederal Report ... tac. , !

25 to him?
'

I
;

I -

- _ _ - _ _ _ _ - _ _ - - _ - _ - - - - _ - _ _ - - - - - - _ _ - - _ _ - - - ----_-----
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1 MR. IRVINE: llis prepared testimony with the maps

2 and overlays that he has accompanying them.

3 Cl! AIR:WI FART 1AKIDES: Are they attached to your

O'

4 testimony?

5 MR. IRVIllE: They came all in this package.

6 Cl! AIRMAN FARMAKIDES: I know but are they physically

7 attached to your testimony?
I

l 8 MR. IRVINE: They are not.

l

9, Cl! AIRMAN FARMAKIDES: I think you had better

10 identify them individually so that we will know exactly what

11 his testimony consists of.

12 BY MR. IRVINE:

13 [ Q I barv1 ynn t h i st arv1 ank if you can identify this
I

14 document.

| 15 A This in my written testimony.

| 16 Q Do you adopt that as your testimony in this caso?

! .

j 17 A I do.

| 18 Q I hand you what has b' con marked Exhibit C-A to

19 your testimony and ask if you can identify this for us. |
,

20 A This is a geological highway map of the mid-
|

21 continent region.
I

O 22 O And I hand you what has boon marked as Exhibit C-B

23 to your testimony and ask if you can identify that.

24 A This is the structurc map on top of the viola
Actfederal Reporters inc,

25 formation in the Webber's Falls area.

L
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1 O I hand you what has been marked Exhibit C-C to

2 your testimony and ask if you can identify that for us, i

3 A This is the structure map on the top of the

. (
! 4 Arbuckle group in the same Webber's Falls area. -

5 0 I hand you what has been marked Exhibit C-D to

6 your testimony and ask if you can identify that..

7 A This is a topographic map of the Webber's Falls

8 area.-

, . ,

9 0 I hand you what has boon marked Exhibit C-E to your
,

i

10 testimony and ask if you can identify that. ,

11 A This is a structural cross section of the Webber's'

12 Falls area. .

O i3 k O I hand you what hee b -, - rw a Exhidie C-F eaa
h

14
'

aks if you can identify that.

15 j A C-F is a film overlay of the photogeologic inter- I

t .

'

16 pretation in the same area.
,

. ,

!
17 Q Exhibit C-G to your testimony is physically

i
18' attached to your testimony, isn't it?

19 A I boliovo it it.

20 Q And what is that, pleaso?

21 A This is a tectonic map of the mid-continent region.

(]) 22 0 I hand you what has been marked Exhibit C-Il to ,

23 your testimony and ask if you can identify that.;

|

|
24 A This is an interpretivo samplo log of the Korr-

AoFederal Reporters, lac.

4 25 McGoo wasto disposal.
i

i
'

>
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1 Q Do you adopt all the exhibits and the testimony

2 as your testimony in this case?

3 A I do.

O
4 MR. IRVINE: I have no further testimony from

5 this witness.

i
6 CHAIRMAN FABMAKIDES: Could you kindly ask the

7 witness to summarize his testimony? Since we obviously have

8 some spectators here, it might be better at this point for

9 the record to have a very short summary.

10 DY MR. IRVINE:
,

11 Q Dr. Chenoweth, would you please give us a short

12 . summary of the testimony you have presented here?

() U A I have mado a geol.ogic study of the aren n rnu nr1
13|

.

+ 14' the Korr-McGeo well which I identifica as tho Uebber's Falls

15 4 area, for a nearby town. This consists of a copy of United

$
16 States Geological Survey topographic maps, subsurface

structuro maps which I prepared, a crosa section which
17 h
18 illustrates the subrurface structure and a narrative descrip-

19' tion of the geologic conditions in that area.

20 Q Could you summarizo your findings in this matter,'

21 pleaso?

(]) 22 A I have found that the soll is located in a fault
|

23 block, that is to say, a block bounded on four sides by j

24 structural displaccmonts which wo call faults. Two of those
g
'

cor.a.,.i a,por..ri, w.

25 are obvious on tho surface. The other two are located as a
i

I

.
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1 result of deductive reasoning and certain surface features.

| 2 I also studied the rocks penetrated by the Kerr-

3 McGee well and identified them on this interpretivo sample

O
4 log. They consist for the most part of interbcdded sands,

*
I

5 shales, silt, stones, limestone and dolomite.
!

6 The bottom of the well is in igncous rock, probablyi

7 granito. I was also able to identify the Arbuckle group

8 of formations which is the lowest of the sedimentary rocks

9 in the well, which consists almost entirely of dolomite,

10 generally impervious and nonporous but in a few intervals

11 somewhat porous.

| 12 Generally speaking, the Arbuckle and all of the

() 13 rocks in this well are irc.pcrvioua, or appcar to bc so in
!

,

14 |l microscopic examination, with the exception of the few layers
i

15 I mentioned.

16 CIIAIRMAN FARMAKIDES: Thank you very much.

17 Does the Staff have cross?
. .

!

18 |
MR. KINSEY: Yes, Mr. Chairman.

.! 19 At this time I would liko to request permission

.

20 to use Mr. Donald Warner for purposes of technical interro-

21 gation of this witness. I think it would expedito tho

() 22 proceeding consider, ably.

23 Cl! AIRMAN FARMAKIDES: Mr. Irvino, do you have any
|

24 objection? 1
,

Au Federal Reporters. Irw

25 MR. IRVINE: No, sir, we have no objection. l

.

I
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4 I CilAI!P1AN FARMAKIDES: I take it that Dr. Warner

2 is export in this area, at least more so than a lawyer?

3 MR. KINSEY: I believe you may say he is an

O 4 expert. As you indicated, his statement of qualifications

5 is already marked as an exhibit.
'

O Cl! AIRMAN FARMAKIDES: We havo used this proceeding

7 in the past and it has impicmented the proceedings so I do

8 think it will be a contribution.
;

'

9 Dr. Warnor?.

10 DR. WARNER: The only question I would ask I

I

II before I begin, you did mention earlier that you had the

I2 intent of presenting your -- the exports as a panel for

I3 interrogation. The only que=Liva I would ask is whcther ycu

Id! intend to proceed with that or whether you profor to havo |

15 {'
!
Ime cross-examino Dr. Chenoweth now.

16 Cl! AIRMAN FARf1AKIDES: That was a suggestion that
'

17 |'|lI mado. It is !!r. Irvine's case. Ile can make it.his own

18 way. I have no problem with proceeding the way wo aro

19 proceeding now.

20 Let's go ahead and proceed individually.

2I MR. IRVINE: Mr. Chairman, before ho ntarta, wo

22 havo no objection to the panol proceduro, whichover would

23 facilitato the matter or make it easiest for the Board to

24 obtain the information that they need.
Actf ederal Reporters, Inc.

25 I introduced Dr. Chonowoth airnply because of tho

<
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I problem of identifying the various documents that had to be

2 identified.

3 Cl! AIRMAN FARMAKIDES. We will proceed this way.

4 This might also make it easier for the medical doctor to
!
'

5 return today.
i

XXXXXXX 6 CROSS-EXAMINATION

7 BY DR. WARMER:

! 8 O Dr. Chenoweth, in Exhibits C-B and C-C of your

|

I 9 testimony, the various faults in the vicinity of the Kerr-
!

|
10 McGoo well are represented in different ways; that is, some

II omo them are represented by solid lines where others are

12 represented by dashed-lines, the dashes being black in various

13 cameo, ,

i :!
14 Would you explain the difforence betwoon those

15 shown by solid linos and those shown by dashed linos?
! 16 A Well, this is a common way of representing faults
|

| 17 on the surface maps of this kind. Generally speaking, tho

|
18 solid linco represent a fault which is clearly located in that

i 19 position. A dashed lino is one where the position may

| 20 vary within a few foot or miles. It is a matter of location.

! 21 0 Isn't it truo that such faults on a legend of a

| O 22 mee or tai tyve -- enet enere i ccmmoaty aitrere eteeioa

| 23 mado in that the faults shown by solid lines ar the ones

24 which aro visible on the surface as you previously described

| A<> federal Reporters, Ing.

25| and have been shown to be thora by wells which are closely
| i

| |
-
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1 enough spaced to in fact locate the fault without much question,

2 whereas in the case of the dashed -- faults represented by

3 dashed lines, as you, yourself, described they have been
7sb

4 placed there on the basis of deductive reasoning and not

5 necessarily on the basis of a specific bit of geologic evi-

6 dence which would show that that is a unique location for

7 the f ault?

| 8 A The question is: Is it customary to show it on

9 a legend?
|

| 10 0 Well, no. My question was: Isn't the difference

I
11 that the faults shown by solid lines -- there is sufficient

12 ovidence to indicate that they in fact are there, whatever
I

( () I n13 evidence that is, wherca; the dached linen indicata

14 !

| fault located by inference or deduction?|

( 15 l A Yes.
I

| In page 14 of your testimony you discussed the16 Q

17 reasons for the possible existence of the so-called south

18 fault. Among the reasons you cite the fact that the location
1

l 19 coincidos precisoly with the barrier distance determined by

1 20- Gruy and Associates.

21 If I correctly understand the Gruy report -- and

() 22 it is possible that I don't because of the briefncos of the
t

23 report -- they did not actually locate this feature at all

24 and only determined that it must be further than 29,000 feet
Ao r ed...I a.p.......

ix . ]1(
25. away from tho Korr-McCoo well. So in fact it doesn't|

I
,

| |
. i

! |

| 6
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1 coincide precisely with any distance determined by Gruy but

2 simply lies beyond this 29,500 foot point.

3 A Well, I have qualified that by saying almost
7s
O

4 precisely.

5 0 Well, in fact the fault could be some distance

6 beyond the 29,500 foot point. This is only a minimum distance;

7 is that not correct?
!

8 A It couldn't be very far because the other supporting

9 cvidence, the topographic evidence, for example, suggests

10 that it is located at about that position.

11 O Well, I am only referring to the Gruy report and

12 your comment that it coincided precisely with their location,

() 13 when their locatica isn't precice at all. In ether .tcrdc,

d
14 I they only set a minimum distance for this location and you

15 then locato it on the basis of topographic features; would
i

16 that be correct?

17 A That is right.

18' O Aside from the topographic features that you

19 mentioned, it could be located como distance beyond the

20 29,500 foot or might in fact not exist at all?

21 A It might. Ilowever, all the cases 1 can find are

() 22 that this fault is indeed prosent. This is a matter of

23 interpretation.

24 O This is essentially what I am trying to establinh,
u >r.a... a,p..... tu.

25 it is an interpretivo featuri) rather than one that hau bocnj
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1 precisely located in any way. Aside from the topographic

2 feature that you mentioned --
.

b'a.
3 Well, okay.

v 4 MR. MURRAY: Excuse me, did you want to add anytninc_ ,

5 Dr. Chenoweth?

6 Ti!E WIT!1ESS. tio .

End #3 7 MR. MURRAY: Excuse me.

8

9

10

'

. 11
i

12 . .

130 ,

I
|

14'

15

16

i

I

17|
|

18i

19

20

21

22

23

24
ActFedevol Reporters, Inc.

25;

I
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cr2802 I BY DR. WARNER:
#4 dhi

2 0 With reference to the Webber's Falls fault on Page

3 15, this fault, at least as I understand it, is located in

O
4 essentially the same way as the so-called south fault, except

5 that in this case, the barrier distance determined by the

6 Gruy study was rather precise.

7 However, if I again understand correctly, aside from

|
8 the topographic features that you mentioned by which you deter-

9 mined the position location of this fault, it could occur

10 anywhere between the Kerr-McGee well, and I believe the

11 Bennett. Wilson well, which is to the north.

12 I In other words, the only necessary structurally, or
N

| () 13 at least prchably that there may be a fault comewhere between

| :!

14|!those two points and doesn't necessarily have to lie at this
6
h,

| 15 q1ocation which you ehow on your map.

| Y
| 16 j A Nevertheless, that'is the most likely place for it
i I

I

| 17 h to be.

18, O Based'on the subsurface study, plus these topographic

19 fcatures which you find.
i
!

t

| |
20 i However, in fact, there might be several small

21 faults which could accommodate structural interpretation as well

(]) 22 as the one fault which you do show on your map.

t

| 23 In other words, the main reason, the main geologic
!

t i his fault there is the fact that it's24
| reason for putt ng tAe > r.d...i a,p ,,,,.. ta< .

|
25 'dif ficult to accommodate the change in olevation without having

|

.

L
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'

dh2 I scma kind of a, discontinuity in the fault.

2 r Ai Yes. *

3 0 On Pages 18 and 19, you state that extensive
O

f geologic analysis fails to reveal the presence of many faults

s ,

5 other than the four shown in the structural map. This compares
I

) 6 with this analysis on your overlay --
>

7 Cl! AIRMAN FARMAKIDES: Where is that stated?
,

8 DR. WARNER: At the very top of Page 19. This is

9 with reference to the potential for other faults in this area.

'10 BY DR. WARNER:

11 O I would like to ask a question here with regard to

12 this structural map. It seemed to me that in looking at that,.

e
(_)) 13 you had added a nc1 inferred fault that curves away from Hm'>

14 Carlyle School fault here, one that hasn't occurred on the
,

15 , previous structural inaps. It's south of the Kerr-McGee well.
I ,

16 MR. KORNBLIT!!: Excuse me, Mr. Warner, which of the

!
17 maps are you referring to?

18 DR. WARHERs' Well, either one. Exhibit CD would be
~

'
19 fine.

3 <
,

20 CIIAIRMAN FAKf!AKIDES: Let's be clear about that. Tha t-

!
'

,
,

21 is App'licant's Exhibl'' 3 CB.t

''

',f} 22 BY DR. WARNERr
,

s ,

# 23 0 You show a fault branching off to the West from the

24 Carylyle School fault there, a dash showing that's inferred by*

Aco Fedsat Reporters, Inc.

25 you, and this hasn't occurred', I don't believe, on the other
'J ,

' '
,

'
'< i ,

i
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dh3 1 structural maps prior to yours.

2 A That's correct.

3 0 In other words, you did find another fault in that
G
V

4 area, or inferred another fault in that area.

5 Taking the overlay to your map and placing it on the --

6 over the structure geologic map, it's apparent that from

7 photogeologic analysis, a number of additional faults are

8 shown between the Carlyle fault and the Marvel City fault,

9 some of them indicated as probably -- as inferred, while others

10 are qualified as being more definite in their location.

11 The point being that there are a number of smaller

12 faults in this area. .

() 13 MR. MURRAY: Will t,he record show, if wa may, that

14 ; the witness is nodding and agreeing with Dr. Warner.

I
15: CHAIRMAN FARMAKIDES: Did you agree?

16 THE WITNESS: There are a number of faults shown

17 outside the area of interest.

18 BY DR. WARNER:

19 4 First of all, I was pointing out this one additional

20 fault that you had located there, Dr. Chenoweth. I was secondly

21 referring to the fact that there are a number of additional faul ts

22 shown on your overlay between those two faults that I mentioned.()
23 Based on this type of evidence, would it not seem

24, logical and in fact probable that in an area where two faults
us rea,,oi n

po,,,, . ine. |
25 intersected such as the Carlyle School fault and the Webber's

.
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| dh4 i Falls : fault that one might expect to find additional and perhaps
,

2 smaller faults, sets of joints, as a result of this structural

,

[ 3 deformation. *

4 A It is possible, not necessarily so. Furthermore, set s

of j ints I doubt would be rel'ted. Joints are not the same as ia5
i

| 6 faults. ,

;
.

7 G Well, isn't it true that commonly in mapping -- doingi

,,

| 8 geological mapping in an area where the rock exposures are very

!
| good and where you find relatively major faults such as the ones9
i i

{ 10 that are named here, that you also find numerous smaller feature a l

| \

n having the same direction as the major features, but being small ar

|
J

12 in displacement or perhaps having no displacement, in which case ,

i

13 they would be joints, fractures, and small faults, accompanying
{ ()
| ja the larger faults.

k A Yes, that is generally true. !1 15
i I

j 16 G In Pagc 19 also, you state that the faults in the

'

37 area are normal faults of the kind regarded as being responsible
,

i

i 18 for trapping of oil and gas. Isn't it also true that these

;

; j9 faults are well known as locations for seeps of oil and gas,

I
'

| 20,for paths of mineralizing slushes in mining districts, and as ar 3as |
| l

21 in which high ground water well yields can be found, these facts j
t

j(' 22 all indicating that such features can be conduits as well as

i \_-
barriors in dif ferent circumstances?23

:

A It's certainly true that faults are avenues of minera L-
24

'

AceJWwer Reporters, inc.4

i 25 izing fluids in areas of metamorphic or igneous rocks. This doc i

.

M

|

i
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I dh5 1 not qualify as that. It's also true that in shallow layers,

t
[
|

2 shallow depths, ground waters find their way along faults.
,

1

3 But at dep ths of this kind, the kind we are talking

O
4 about here, it's much more common to fi'd that faults are

'

n ,

!

5 traps.

6 DR. BABCOCK: What depths are you talking about? |
I

7 THE WITNESS: This is on the order of 3,000 to 5,000 ;

;

8 feet. The well is 3100.

9 CHAIRMAN FARMAKIDES: When you say traps, what do
I
c

10 you mean?
,

11 THE WITNESS: A trap is an obstruction on the flow of I

'

12 fluids in the sursurface.
(

i3 CHA18x^n r^a"^xtons= maev wouta act vocxeta to !O :

r

14| contain --
|

15 THE WITNESS: In fact, the so-called trap to the oil

16 is a very common feature. Here is a fault that provides a barri 1r '

17 to the movement of oil and gas. . When it hits that, instead of

18 rising to the surface, it's trapped in a pocket.

19 BY DR. WARNER:

20 0 Dr. Chenoweth, are you familiar with the tcut, The

21 Book Geology of Petroleum, by A. I. Levorson, published by the

22 Freeman Corporation?

23 A Yes, I am.

| 24 G I would like to quote to you from Levorson's text in
i Ace 4edseal Reporters, lac.

25 which it says 'that "scopages of oil and gas are of ten associated

,
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dh6 I with fallout crops. Thus, faults are commonly thought of as

2 vertical channels permitting migration between reservoirs and

3 to the surface. Many faults form the boundary plane of a pool

O 4 of oil or gas. This may be due to the fact that the fault is

5 tighly sealed and holds the petroleum from further migration

6 or probably is more commonly due to higher fluid potentials

7 within the channels and updip across the fault, which acts as

8 an added barrier to the updip movement of petroleum."

9 Thus Levorson is stating that possibly, there are

10 cases where faults in fact are impermeable, in themselves

11 | preventing the upward migration of petroleum, but perhaps are
12 more commonly caused -- the oil accumulations are more commonly

O la||c=u=cdbva=ceofc1=====ean===, inc1ud1=e th= e=== ware
!!

14 |' potential of -- fluid potential, which provents the petroleum

i

15 j!
.
migration.

I

16 In other words, it isn't the fault alone that is most

17 | commonly acting as the barrior to fluid movement, according to
i

18 Levorson.

19 MR. IRVINE: Mr. Chairman, I think that wo should

20 raise an objection at this point. I think the interrogator is

21 testifying at this time.

22 CHAIRMAN FARMAKIDES: I would think you should restat a

23 your question, sir. If you want him to -- when you restate your |

24| question if you want him to compare his opinion, or give you hisa rar,a R po,..,
inc. j
25 l opinion as to th'at statement, fino, but you aro really testifyin 1,

.
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dh7 i and you are really interpreting that, so I am not quite sure

2 what you are asking for.

3 DR. WARNER: I'm asking for his opinion of Levorson's

O
4 statement. Dr. Chenoweth has expressed his opinion --

CIIAIRMAN FARMAKIDES: identify that statement and ask
5

6 for his opinion.

7 DR. WARNER: All right.

BY DR. WARNER:8

9 G With regard to the previous statement that I have

10 just read, Dr. Chenoweth, would you care to comment on that in
|

comparison with your earlier statement with regard to the capaci ty ,

11
i

12 of fault for acting as. petroleum traps.

() 13 Mn. TRVINF.: Mr. Chairman, may the statement be

!

14lhanded to the witness so that he might have a chance to look

15 |at it?
16 CIIAIRMAN PARMAKIDES: Yes.

c4 17 (Document handed to witness.)
*

*

18

19j

20

21

|() 22

23

24
ActFedical Reportees, Inc.

25'

i

]
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1
'

arl
I Cl! AIRMAN PARMAKIDES: May I have that last

2 statomont read back?

3 (The reporter road the record, as requested. )

()'

.
4 Cl! AIRMAN FARMAKIDES: In the future I would liko

|
'

5 to have copios of such statements given to the Daard.

|
6 MR. MURRAY: The reason we haven't given you copics

7 now is that we haven't marked the specific pages we are

8 referring to. There are several pages in this textbook.

9 CIIAIRMAN FARMAKIDES: We can identify it.

10 Dr. Chenoweth, can you give us your opinion, sir?

II Tl!E WITNESS: I could quote from this same text.

12 "Many faults form the boundary plano of a pool of oil and

() 13 gac, and thic may be due to the fact that the fault in tightlyj

I.
14 scaled and holds the pctroloum from further migration."

15 y Cl! AIRMAN FARMAKIDES: What are you, quoting from,

16 sir?

17 TIIE WITNESS: This same textbook.

18 Cl! AIRMAN PARMAKIDES: . What,pago?

19 Ti!E WITNESS: Page 260.

20 DR. WAR!!ER: I began my statomont with that

i21 quotation.

22 Cl!AI!VtAN FAIU4AKIDES: What is your opinion, sir?

23 TIIE WIT!iESS: I agroo with it.

24 BY DR. WAR!!ER:
Anfedirof Reporters, In.

25 0 I would like to ha've your comment with regard

,

I
!
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I to the latter part of the statomont as well, Dr. Chenoweth.

2 A The latter part of the statomont, which was just

3 reread, is, "or it probably more commonly is due to highor i

O 4 fluirl potentials within the fault channels."

5 Now we are over on pago 261.

6 "An up-dip across the fault which acts as an

7 added barrior to the up-dip movement of patroloum.",

8 I agroo with that.

9 Q I would like to ask you your opinion with

: 10 regard to one more such statomont, and this is from a

11 publication Economic tiinoral Doposits by Datoman, published
'

12 by the Uiley Publishing Company in 1951.

() 13 Arc you familiar with that texL?

14 A No, I am not. I am familiar with Batoman.

15- 0 I will read to you savoral short santoncos from

16 this, and than ask you for your opinion. This is with

17' rogard to faulting and the role it plays in the formation of

18 other deposits or mineral deposits. It is at the bottom of

19 pago 333.

c

20 " Faulting plays a moro impcrtant rolo than folding
:

21 in connection with mineral deposits."

22{} Then turning to pago 334, " Faults servo as channel-

23 ways for mineralizing solutions."

24 The statement I have previously road to you.
ActFed: col Reporters, lac.1

25 Then jumping to the and of that paragraph, "They
,

4
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I I
| form and drain petroleum reservoirs."

2 I would again ask you for your opinion wAth
,

3 regard to those statomonts.
' O 4 A Those statomonts are true.

5 MR. KORNBLITil: Could I interrupt a monant?
,

6 Could we got a definition of mineralizing solu-
i

7 tions?

8 DR. WARNER: Is that. appropriato for Dr. Chenoweth?

9 MR. KINSEY: Yes.

10 Ti!E WITNESS: Ordinarily mineral deposits of the
i

II kind referred to here are metallic deposits such as gold,

I2 silver, and the liko.. Thoso are thought of as originating

O la' hr =ctue1=n= .<hica =1=c from =ote== =c=h ct a v1=c= within ;
I

IdI the carth and find their way through various channels toward
I

!

15 , the surface where they are cooled and so identiflod.j

t

16 I
Cl!AIIU!AN FAIUtAKIDES : Does tho Staff agroo with

'

| 17 that definition?
!,

18 ''
'

BY DR. WARMER:

19 Q Are not those colutione commonly simply water

20 with the dissolved minerals in them?
|

| 21 A yes,

I l
22 Q In other words, water is flowing through thoso fault

| 23 zonas is what it says, with the minornic in colution, is that
|

24 Correct? 1

i Actfedal Peputen, Inc. | !

25' A That's correct.

1
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I Ilowever, this more frequently occurs in areas of

2 igneous and motamorphic rocks than it does in rocks of the

3 type wo are dealing with here.

O 4
.

.

Q May I ask you, Dr. Chenowoth --

5 DR. BABCOCK: May I interrupt?

6 DR. WARNER: You. I am sorry.
1

7 DR. DABCOCK: We are talking about ninoralizing (
l

8 solutions now. Ilow much mineral content is in thoso solutions !,

9 that you are speaking about? By mineral, I am speaking about

10 calcium, magnooium, iron, the whole gamut.

II In other words, how near pure is this water or how

I2 near saturated is this wator?
I

13 T!!C WIT!!CCC: In the cacc of a mincralinir.g

Id[ solution, I can't ancwor that oxcept to nay that it 10
Il

15 j probably highly charged with mineral mattor.
16 DR. DADCOCK: What I am gotting at in, does it

I7 rosomblo in any way the type of water that Korr-McGoo intends
i

18 to put down into the ground?

19 Tile WITNESS: I noriously doul*t that it doon.

20 DY DR. WARNER:

21 O Would you explain why you doubt that, Dr.

22 Chonowoth?

23 In other words, I think that the solutions, for,

|

| 24 examplo, that form the minorni deposito -- I would cito ao an
| Acefedral Repuers, Inc. , ,

25 ! oxamplo tho nolutionu that ma'y have formed of mineral -

,
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|

1 deposits in uranium deposits in the Colorado plateau area.
.

!
2 !!ow highly mineralized would you visualize those solutions

l
'

3 as having boon?*

4 A Well, now, if I am correct in my understanding,

I
5 you are talking about an entirely different situation.

!i

! 6 The uranium doposits that I am familiar with -- I am not !

7 very familiar with any of them -- are places where fossil wood

8 has boon replaced in stream channels by migrating fluids. |
'

. ?

9 Now thoro would probably be an extremely diluto I]

10 solution. Dut the type of thing described by Bateman hero, :

l

11 I rathor imagino, is water rising from doop within the carth
I

12 and it is probably not rain wator which has scopod its way
!

C ta lt down, but is actually wator originating that dinsolves those

I
lai minuralu and tudupuoltu Lhum at a uhallowur luvul und I don' t !

i |

| 15 believe thora has boon any testing of this. |

| ! l

i 16 | 0 Really what I am asking you, Dr. Chenowoth, is

.]
<

I 17
' on what basis you believo that thoso mineralizing solutions

:
I 18 are groatly different than the type of fluid that Korr-McGoo

I 19, would be injecting, which is simply water with dissolved
;

20 minerals? '

21 A It just soons likoly that a fluid rising from a

22 magma -- an area of molton rock -- would bo moro likoly to bo

23 a strong solution.

| 24 0 would thoro be any material difforanco whether or
s.<elederas nepor,,,s. sn<1

25' not it had a largor content of dissolved solids or not? It is

.

m _ _ _
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I again still water with dissolved solids, with dissolved

2 minerals in it?

3 A No.

O 4 Cl! AIRMAN PARMAKIDES: I didn't understand that,

5 sir.

6 Tile WITNESS: I said no. Water with dissolved '

7 minerals in it is water with dissolved minerals.

8 BY DR. WARNER:

9 0 In pago 3 of your testimony, you discuss the fact

10 that faults may exis. at the surfaco in sono casos, and thena '

II dio out at depth. Isn't it also common for faults to exist :

12
; in brittle lower horizons and than to dio out upward into

O '31shatc= in the fer= of fe1de end oventuelly net te engarene
i

M l! at all?
|

15 A you,

16 f O Again on pago 19, you conclude that the Arbucklo

17 group or formation -- it is not important, the distinction --

I
i 18 i is shown to bo homogenous, and tl$at porous and pormeablo
'

l
19i zonos are constant in thickness and charactor for distancos ofJ

1 |

| 20 e.t least sovaral miles.

21 Yet turning back ta pago 15, you stato that porosity

22] and permeability are the result of dolomitization and aro

23 subject to tho vagarion of the dolomitizing agents, indicating

24 to me that such zones of porosity and permoability arc --
c.<a red:,al nepo,,,,s. un<. -

25 have the potential for being rathor arratic and perhaps

I,
I

_ _ - _ _ _ _ _ .
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I

1 not widospread in individual casos. Would you agroo with

| 2 that? ;

3 In other words, ossentially what I am saying

O 4 is that I could agroo with you that thoro are casos whoro |
*

{5 zones are widospread. Could you also agroo that thoro
!

6 are cason, in fact commonly, whero zonos are not widcopread,
1

i 7 but bncause of the naturo of them they are rather local? |
1

8 A Yes, I would agroo with that.
|
|

9 0 In page 17, you stato that if there woro leaks i
i

10 to the surface, that is, in tho vicinity of the Korr-ficGoo |

11 woll, I presumo, the surface waters would bo highly polluted. ;

|

12| Do you know what the f.luid potential in the Arbucklo group is? |

i

O la yL
o> rou xao >, ia ee>-r -" a , a + *ne re"erve<-

14| pressure is in the Arbucklo group? ,

15 A Mot procisely, no.

16 Q Then you don't know whethor in fact there in

t

.

potential for this to riso to tho surface or not?17 I

!
| 18 A As I roca11, I was told that during the drilling of
| '

19 the well, the water did not rise to the surfaco.

'

20 0 If this is the caso, then, thoro would be no

|
21 natural tondoney of this wator to flow out thoro, no thoro

| 22 would be no roanon for tho surfaco water to bo polluted?

23 A That la exactly what I have said.

24 0 The point that I was trying to make in that this
Ace Fedvol Reporters, Inc. ;

25 doonn't show that tho fluid c'ouldn't flow out. It simply i

|
_ _ _ - _ _ - _ _ _ _ - - _ _ _ - - _ _ - _ _ _ _ _ _ _ _ . _ _ _ _ _ _ - _ - _ _ _ - _ _ _ _ - _ _ - _ _ _ _ - _ - .
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| 1 shows that thoro isn't potential thora to drivo it out.

|
2 Perhaps it couldn't flow out, but at tho same time wo don't|

' i

| 3 know. !

i O
l 4 A Well, it shown that it doesn't flow out at tho

5 present timo.

O Q It shown it doosn't flow out of the sand at the
1

7 prosent timo, all right.

Would you care to intorpret and explain the origin8 '

9 of the neveral salt water springs that occur in the gonoral
,

10 vicinity of the Korr-!!cGoo woll, not immediately close to it, i

11 but within coverni niles of the Korr-!!cKgoo well?
'

12! A I am draid I can only answer that in gonoral
i

U t c rr..) . Thcrc in a hncun calt,cpring cir. cr cight milco

!!
Id lj away. I do know that the unit content of that water in lenn

b
15 than the salt contont of the water monoured in the wall.
16 | It in probably the result of an outcrop or a near-nurfaco

|
17

|
oxposuro of unit water boaring formation, probably in the Atokt .

18 Q llan thoro boon any specific dotormination of the

19 cause of this nalt water upring?

20 A !!ot to my knowledgo.

21 Q In tho aboonco of such a datormination, could it

] also bo truo that thin nalt water spring tan leaking from nomo22

23 dooper formation, not noconnarily the Arbucklo, becauno thoro

24 in aufficient potential and pathwayn for thin fluid to bo
I

-

A<. reavoi n.pe,,,,.. ue

25 forced in thu nurface in that particular cano?

I;

|
.
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( l A It is possible that thn salt water can bo flowing

2 from any one of the formations on this chart that I havo

|O
3 prepared except the very shallowest.

' " CIIAI!OtAN FAIGtAKIDES: I am not clear. Excuso me
!

| 5 for interrupting. You are anying that the salt water --
'

|6 I assumo you mean codium chlorido -- salt water from tho ;

l 7 salt spring? (

l 8 Tl!C WITNESS: Yos, sir. !

9 CllAIIUtAtt PAlutAKIDES: That that is a solution and

10 is not as concentrated as tho salt water from the woll? !

i

II Tl!E WIT!1EGS: That's right.

12 CilAIIB!Att FA!41AKIEES: So thoro is a difforenco. I

I

O '3 g T!:c u1T:Ess. Cee 1d 1 uie.

I'8 | CilAIIU4A!! FAPJ1AKIDES: Are you talking about tho ,

15 wall sodium chlorido solution is moro diluto --
30 Tl!E WIT!iESS: tio, f ar moro concentrated.

e5 I7 I

'

'

18 -

19|
to

21

22

23

24 1

At>Fedusi Reporters la< '

,

25

,

,
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| 1 BY DR. WARNER:

2 O Could you tell me what the concentration of the r

!

3 water from that salt water opring in? f

4 A I have that information. It in going to tako a

'

5 minuto.

6 Cl! AIRMAN FAMtAKIDES: If you give un that, give us
1

7 the comparison, too. I think I would like t.o hoar t. hat
'

8 comparison.

9 ~DR. BABCOCK: You mean comparison with the water an

!

| 10 the well, down in the Arbucklo?

|
11 Cl!AIMtM1 PAM1AKIDES: Yon.

12 Ti!E WITNESS: Tho spring wo are referring to in

13'l doncribed in thin Oklahena Geological Survey publication, It"dro- *

!

14 graphic Atlan No. 1.
I

15 CllAIM1AN PAMtAKIDES: What dato? |

16 Ti!E WITNESS: The dato in 1969.

17 Ordinarily the salt content of watorn of thin kind

18 , in exprenned by the concentration of the chloridon in the
i

I
19 water. In thin caso the chlorido scalen off to be roughly

20 60,000 partn por million.

'

21 Cl!AI!UIN! FAM1AKIDES: Whoro?

22 Tile WIT!1ESS: In thin spring that wo aro referring

23 to located in noction 19, township 12 north, range 20 cant.

24| That in approximately ton milon nouthwont -- mako
i Ac. r.e,oi n.no,,.,i, W

{ 23 that cight milen. *

|
- _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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I Cl! AIR!iAN PARMAKIDES: llow about the concentration? !
|

2 T!!E WITNESS: The concentration in the well was |
| |

; 83,000 parts por million of sodium chlorido. (3

l I
4 DR. DABCOCK: Tho fact that thin in moro dilute than

I 5 the material down in tho well, doon that prove that thin water
1

6 didn't como from the Arbucklo?

7 Tile WITilESS: It doon not prove that but it in i

8 highly suggestivo of it.

9 DR. BABCOCK: Let's ask the quantion the other way
,

10 arourd. Suppono it had boon more concentrated than tho water i

II in the Arbucklo. Wo*:1d that havo proved that it came from the

12 Arbucklo? -

.

13 d Tile WIT!iEGG s No, sir, I am afraid I can't toll ycu
I

I4| oither way'.

15 DR. BABCOCK: In other wordn, you can't -- okay. !
!

16 Cl!AIIUtAtt l'APf tAKIDES: But it wan suggontivo, howover,
!i

I7' that it in lena concentrated.
i

18 Tile WIT!!ESS: Yon.

19 !!R. KOR!!BLIT!!: What did you say the comparativo

20 concontration in the Arbucklo water in?

21 TIIE WITNESS: The Arbucklo wan 83,000 parta por

Q 22 million.

23 !!R. KOICIDLITil Approximately a third moro concon- !
l

24 tratod? |

Att f sdaeol Repostees, in !
'

25 Tile WITNESS: Ynn,

i
..

i
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1
,

DY DR. WARNER:
! i

| 2 Q May I auk, Dr. Chenowoth, if you have any informatior

3 on regional trenda in nalinity in the Arbucklo that would indi- |

| O 4 cate what the variations in salinity are within the vicinity of |
'

'

5 thin Korr-McGoo woll?

6 A Woll, I havo -- you, I havo studied that. I don't ;
|

7 have any proof with mo at the moment but generally speaking (
F

8 the Arbucklo waters becomo more nalino southwantward and |
1

9 fronhor northoantward. '

10 0 What kinds of variations in nalinity do you find {
*

11 within the general aroa? Again, just tho order of magnitudo '

12 of variationo? .

I

O 'a l
^ thero ic vorv tittic infor==tica, or 2:=racr, but :

:
14' would nay on the order of 5- or 10,000 partn per million. f

15
,

O Again I am not noconnarily tryJng to establich !

6

16 'opocifically that thin water in coming from the Arbucklo for-
17 | mation. I only wanted to establish the fact that it could bo

i

18 coming from nomo unit, an you said yournolf, anywhero in the goo !
-

19 logical column thero, and could ponsibly be loaking vertically
20 upward to thin spring? !

2I A Yon. |

'
22 DR. WA!UIER: That in all the quantionn I havo.

23 CilAIIOtAN PAR!!AKIDES: Thank you. !

24 The board han como quantionn.
A N u.:pepe,.., int

25 Did you have any redirect, Mr. Irvino? I

;

!
!

__ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ . _ _ _ _ . . _ . _ _ _ _ . . _ _
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I
J
!

I MR. IRVINE: Yo ca , I do.

2 REDIRECT EXAMINATION |xxx

3 BY MR. IRVINE: [

O *

4 Q Dr. Chonowoth, I hand you what han boon admitted
|

5 hero an Applicant's Exhibit 2-E, crono noction showing relation- ,

|

6 ship with spitonandstono to ground surface, and ask if you havo {

7 noon thin document and if you can identify it?
I
!8 A Yon, I have noon thin.

9 0 What doos that show in relation to the nalt springi

! !

| 10 that you havo previously tontified to? |'
l i

| II A This shown that the spring occurs at a point whero
? , ,

'

12 the spirosandstono appenro at the nurface. Spiro in th> banal |

O >>' unit of the Atena formetion. Cuato==r11y -- not cu=tc=.mrity -- !!
14l in the general vicinity the noiro watern aro nalty. !

I

15
| 0 I call your attention and ank if you can tell un [

!
t

16 !what this portion, the down dip portion in hero, indicaton, if (
1

17 you know? i

i

18 A I pronumo you mean thin curved lino at the top?

19 0 Yon. |

20 A This in roughly the topography. |

2I Cl! AIRMAN FARMAKIDES: Of What? Could you stato for

22 the record no wo will be clear what you are looking at?
I

23 Ti!E WITNESS: This in a crono noction which shown

24 not only the nubnurfaco attitudo of the rock nurfacon but aino
Ace r, ant e.,,,,,, io< . ;

'

25 ' the ground levol.

:
!

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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1

! .

| 1 CllAIRMAN FAlt'tAKIDES : At the uppor righthand corner
'

2 of tho map?
I

3 Ti!E WITNESS: Clear acronn it.

]i
\ 4| DY MR. IRVI!1Es

|

| 5 Q It in the heavy dark bluo linen across the top?
,

6 A Yon.
i

? Cl!AIRMAtt PARMAKIDES: All right.

8 Tile WIT!!ESS: The point where the spring comen in
5

9 tho foot of a rather stoop oncarpment.
10 DY MR. IRVIllE i- '

11 0 In what kind of topography doon thin spring arino,
12 if you know? In a stream, on opon ground, or what?

O '' ) ^ 1 a=a'' xa="- :
I4 [ MR. IRVIllE: That in all I havo.

i15 CllAIRMAll FARMAKIDES: The Board han nome quantionn.
$16 MR. KORt1DLITil Mr. Irvino, in that my copy that you

'

17 borrowed earlier of the exhibit?

18| MR , IRVI!1Et Yon, sir, it in.

19 MR. KOPJ1DLITil Could I borrow it back?
20 In Dr. Chenowoth the only witnann you have on the
21 quantion of salt springn?

22 !!R. IRVItin: !!o, sir, ho in the only one.

! 23 MR. KontIDLITill I noted in the material submitted by
|

| 4>r.e,s n p.,,,, , ino; tho Staff there was a lotter that Dr. Warner wroto in May of
28 I

i

| 25 1970 that reforrod to como inforrration which ono of tho exhibitt
1

t

_ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - - - _ _ - _________-____ ________ _ ___- _ __ _ _ - _ _
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|

| 1 that the Applicant had supplied tho Staff prior to that timo ||
,

2 relating to natural salt water oprings. It was exhibit M of
,

| 3 Appendix B of tho earlier application. Wo don't havo that E

| !
! 4 available to the Doard and it in not in the record as having ;'

l l

5 boon introduced no far, but I ask if you are familiar with thin, I
|

6 In this material that you woro involved in the preparation of? I
,

7 THE WITNESS: I wasn't involved in the preparation i

8 of that material,
t

9 MR. IRVINE: If the Board please, the exhibit that
'

'

10 you aro talking about was tho oxhibit M to an application filed

11 in 1970 which was withdrawn and all the documents woro with-

12 drawn. So what ho is yoforring to in something that in not a

(]) 13, part of this record.

I t

14 MR. KORNLLITH: Do you have any ono available, |

! t

15 Mr. Irvino, who in familiar with tho information on aalt water
|
|

16 aprings that was contained in that document? '

17 MR. IRVINE: No, sir. Mr. Wont, a geologist with

18 Korr-McCoo did that particular study and ho in not availablo

oG 19 at thin timo, at this moment.
2002

|
20

21 '

"() '

23

24 i

ner,Jsaco noes,,,,s, en
"

25
'

t

. _ _ _ _ _-- _ - _ _ - _ _ _ _ - _ _ _ -
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|

| IIAINES D.87
I MR. KORNDLITII: All right, thank you. I

mm1 cr2802
2 In this spring that you montioned, tho only nalt -

>

3 water spring that you are aware of in tho immediate

O d vicinity? ;

5 Tl!E WITNESS: There in ono about 20 milco cast of het o,

6 I believo.

I 7 MR. KORNDLIT!!: In there any way -- I gather you

8 stated earlior that thoro is no way of annociating the sourca

9 of the water that appearn in thin npring with any particular i

10 goologic formation, in that correct?

II Tl!E WITNESG: Except innofar as that crono noction

12 shown, the spiro nandstono occurs at tho surfaco in the vicinit y

I3 uf the upring? .

I4 h MR. KORNDLIT!!: In thin spiro layor one that
d

15 l| undorlion the cito?
1

,

>

| 10
1 Tilt WITNESS : You.
I I

I7 MR. KORNDLITil Of the present Korr-McGoo woll?

18 Tl!C WITNESG: Yon. Although it in not identified
I I9
i on my log, it occura at a dopth of approximately 400 foot
1

i

20 below the nito.

II MR. KORNBLITil: Do you havo in front of you Exhibit

22 CC to your tantimony?

23 Thin in the structural crons-section? Can you

24 toll no whoro that falln with rogard to the four layern you
wreane ir.psos 1 te,.

25, havo shown?

!
*

_ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ ___
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|

mm2 I Tilt WIT!1tSS: It in just above the wapanucka f,

2 limestono. It in just above that.
\

3 MR. KonttDLITil: Wan thero ovidenco of this namo !O id type of water in the coren from this woll? i

i

5
Tilt WITritSS: I don't boliovo it was tonted, but I

6 can't answer that.
n

7 MR. KonflDLITII: Whilu wo are on this particular 6

8 drawing, Dr. Warner was asking you carlier about the banin !

9 for locating the Wobberb Palla fault. Ono basic roanon for
10 inferrring the fault there, I gather, in becauno of the
II ditforence in olevations of the various idontifiablo layernt

!

'

12 in the Sequoya well and thin number 1 Wilson well, in that :
iU

j uuttuut?
h

,

Id ! Tilt WITritSS: Yon, sir.
I

15 ] MR. KORNDLITil: Dut that in itnolf doon not pin .
1

16
'

!

down where betwoon those two pointo tho fault lion? I

:
I7 Tilt WIT!!ESS: tio, sir.

'
.

18
,

MR. KOR!iDLITits So from the uvidence of those two ;
,

19 wolla, it could be anyplaco inbotwoon, in that correct?
20 Tilt WITt1ESS: That in correct. i

2I MR. K0h!!DLITlls You alno identified the fact that the
f

O' wapanucka limontono does not outcrop at the point whero you
' "

t

23 would expect it to that you havo identified on tho drawing. !

r
24

Would thin indicato, thon, that tho Wobbor's lAar.awei n.pwei. In '

FSil8 fault Would havo to ho comoplact botWoch that anticipated

:
__ - - _ _ _ -_ -
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!

.

|

| mm3 I point of outcropping and the Soquoyah well? '

2 Tl!C WIT!!ESS: You, it doom.

3 MR. KonttBLITilt So now we havo worked it down to
O .

d perhaps 2 milen.
[

|5 What is the bania for selecting the particular loca-
|

6 tion that you have selected within that two-milon :ono?

l7 Til t W I T ilE S S : That you can noo by referring to
|

tho topographic map, which in Exhibit CD. I point out, f8

:
' Mr. Kornblith, that although f aults are extremo1y common, it j

i

10 in raro to actually find the plano of a fault at the !,

I i

|
II surfaco, except in quarriou or minen or excavations of that

12 nature. -

O '') |
c o 1eo 1.pid1x remeve- .nv urface evidence,

Id h particularly thono which havo aufforod their movement, i

15 | probably more than 200 million yearn ago. Thoro han boon
|

16 | plenty of time to removo any nurfaco exposuro of the actuni
|

17 | fault plano. But you will notico that Salt Dranch croch, and |

18
i a bond in the Illinoin Rivor, a peculiar round mountain near

l'I'

the town of Coro, a pair of round maintains nouthonut of

20 the Korr-McCoo sito, all noem lined up.
,

21 Furthormoro, they line up with the rather atoop,

I i

,

! 22] encarpment identified an Saunboo Mountain, north of tho town'

23 of Coro. }

74 MR. KOltfillLITill Doon tho fact that a mountain inA.1.a.,ct n.po,,. ., is
25 round havo a particular significanco? f

1

<

_ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ ______ _
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| t

! mm4 I Tilt WITilESS: It in a peculiar topographic featuro |
'

|

2 for thin area. None of thono are conclunivo pointo of

3 avidence, but they are all circumntantial.

O 4
| Whereas there in a fault located betwoon tho Korr-
|

5 McGoo nito and that nearent well or the point of projected ous

6 crop on the wapanucka, thin in the most likely place for that

7 fault to occur.

8 MR. KORNDLITil: Thank you. i

i

9 Thore wan uomo dincunnion that you had with

10 Dr. Warner earlier about thin fault that you had nhown on :

II
fyour Exhibit cil that has not previounly boon shows., one

12 that branchon out from the Carlylo School Fault.
i

'

O "; I nouce on ngure.o-o, ex,ume c> , the oven y, |
Id0 that thoro in also an upward curvo fault that lion 500 or no I

ji ,

15

f
foot northeast from the fault that you marked, 500 or 1000

16 foot. f
17 In that the surface indication of the name fault? f
18 Can you annociato thono? i

19' Tilt WIT!IEGG : You are reforring to one north or f

20 nouth of the woll?

21 MR. KontillLITil Southwost of the wall, and north of |
,

22 thin branching fault, roughly paralloll to the branching f ault.

23' Tile WIT!!CSG: Ono I fail to find in the field and 1

24
|Ao w..ie.pm..,,,su(

identify that as probably a lino of vogotation or a topographir -

,

25 !featuro rather than a -- my fault can bo identified only for a

| -
,
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| mm5

I few foot from a point whoro it branchen off the Carlylo

2 School Pault. From thoro it panson wontward banoath the allu-

3 vial valloy of the flowing of the Arkannan River.

O ,
I havo nimply extended it becauno it nocmod likely !

$ that it would bo perhaps a mile or no in longth. Thoro in no
i

nurfaco evidenco for it beyond that firnt nogmont of the f
0

7 danhed lino.
8 MR. KOR!JBLITil Junt to mako nure wo are talking

|
' '

about the name fault in Exhibit CP, it in one that in in tho

10
como noction as the beginning of thin fault you wore f

'
describing?

12 Tilt WIT!1rsS*: A very light danhed lino which in an

intorrod tault. I could find no tiold evidor.co of it. fU
h

I# MR. KOR!!DLITil !!ot the two that are perpendicular?

15 Tilt WITricSS: tio .
16

, MR. KontiDLITil: Can you defino for mu photogoologic ;

I# interpretation?

18 '
Tilt IT!!ESS : Thin in a moann of mapping nurfaco

I'
structuren by the uno of storooncepic air photon.

Storooncopic photon revoal changon in topography

'
and nuch featuren an linen of vogotation or changen in rock

u

"!O outcrevn.
23

I might point out it in a very commonly unod

"" ""W % 0 * '
e n r a .,.t n.persers, e

fill. KOR!!DLIT!!: Did you prepara thin overlay?

,

_ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _
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I Tl!U, WIT!11:SS : Well, thin in a copy of one preparod |
mmG t

2 by the Goological Survey from which I havo oliminated all |
|

| 3 but the fault and the inferred faulto, i

| O
i

4 MR. Kont1DLITil What woro the last few words you '

!
! 5 said? |
I t

j 6 Tilt WITritSS: I have oliminated from tho Oklahoma [

7 survoy's copy overything oxcept the faulta'and the inforrod

8 faults.
!

9 HR. KOR!!DLITil What additional typo of matorial |
T

10 was on it? !
!

II Tilt WIT!;ESS: What wo call dip and striko symbols,

i
12 nymbolo that show the attitudo of the rock formationn. |

d #/ I3
. ,.

j e| U |

I
15

16 .

i

17

18 '
i

|

| 19

20

21

!
1 23 i
i
!

j 24 4

Ae* redrecs n pe,,,,i, te<.
'

25

'.

!
|
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'

I cri
i I MR. KORNBLIT!!: Reforring onco again to your ,

i 2 Exhibit CD, on the wolls thoro are cortain nymbola, numborn,

| 3 and no on, below them. Could you explain this?

d For instanco, on the Korr-!!cGoo Soquoyah well
,

5 thoro in a norios of numbors on top which in 59, then 3122,

6 and then 11-477 and 383. Aro thoso what? ;

!

7 TilU WITNCSS: It in at first number 179. It in

8 the clovation, the variation at the wolla to tho doptha of tho

99p well and tho various standards for the Viola limestono, and

10 that in a minus 477. That in the subsurface clovation.
1

II It in 477 foot bolow the lovel at that point. A standard

12 for the Arbuckle, top of the Arbucklo, and it in a minus 5036

13 fuut, and that mamu uLauuluru vvus fur Lho c,Lhurr..

Id{ The little symbol, the circ 10, with tho vertical !

15 and horizontal linos, indicaton a dry oil or gan tont. ;

16 0 What are the throo little linos radiating out from

|
17 the circle? '

18 A That in the injoction. And way over on the loft
i

19 sido of the map thoro in a gas field whoro tho wolin look liko

20 little stars. i

21 Incidentally, that han a fault trap.

O '2 c>i^11ut^>> r^1ui^xrocS . 1a eener word , waea vou nie

l 23 a paying well, you make a star out of it, but when it in dry,

24 you ignora it,
f A<s Fedeeol Repoeters, W

! 25 MR. KORt311 LIT 11: Tako a look at the Cobb-Wilson well

i

1

"
e

. _ , _ _ _ _ _ _ _ . . . _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ . _
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',

! I whichyoureferredtoononeofyourotikerexhibits. Thereit

.,

s . 2 the 775 is the surface elevation?
'

,

.

3 THE. WITNESS: Yes.
-

, ,

O'

-
<

4 MR.:KORNBLITH: And 2134 is the total depth of
,I '
s
1 5 the well below sea level, I guess?

i.
| 6 Tile WITNESS: No, below the surface.s

7 MR. KORNBLITH: And that apparently does not go
*

,

8 down to the Arbuckle layer, or what? I mean the Arbuckle
'

l
' s

9 is not identified.
'

,

'

10 TIIE WITNESS: No, it is not.

II MR. KORNBLITH: Does that map show, in the vicinity

12 of the Sequoyah well,all of the known walls and all of the

O' .'3 1=fo===tio= en== === cva11cate enome enemt
S i 4 i

.

I4' , ' '1HE WITNESS: Yes, sir', except for shallow water.

4

h 15 wells. They are noti shown, for the core wells drilled by
i,

16 Kerr-McGee around the site.

*
17 MR. KORNBLITH: Everything that goes down into the

=18
,

.
., layers'of.interdst here?

I? THE WITNESS: Yes.
Ye

20 MR. KORNBLITH: I think that is all I have., ,

21 $ CHAIRMAN FARllAKIDES: Dr. Babcock?3

22
. DR. BABCOCK: Would your characterize your

f 23 location of the faults as agr$cing wit!h the faults thatq ,

'

,

24 have i>een predicted by the dry report or are there major
ActFederal Reporters. Inc.

|
,i

s

25 differences?
' '

,,

2 f, -
1 g %

'

II
. *i _g "'.

! }. ', s
'

< ,
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I THE WITNESS: There are no major differences

2 that I am aware of.

3 DR. BABCOCK: In other words, your study confirms

O d the dry study or vice versa? I don't know which one camo

5 first.

6 THE WITNESS: Yes, sir.

7 DR. BABCOCK: I noticed in the dry study that the

8 faults were not continuous. They would go down a few hundred

9 feet and then jo'g over several hundred or a thousand feet

10 and proceed downward again, and then jog back. Is that a

II common thing for faults to do?

I2 THE WITNESS: I am not exactly sure what you are

O) U( referring to. It is coac6cn for s fault plane to be irregular

I4 and instead of being like a perfectly smooth plane, it will

15 be irregular, depending on the types of rocks that it inter-

16 copts.

I7 DR. BABCOCK: I am now reading from Exhibit A,

18 which is the H. J. Gruy 'and Associates report that went..

I9 with the original applicaition. I am looking at Figure 5.

20 THE WITNESS: Is this the figure you are talking

21 about?

22 DR. BABCOCK: That's correct.

23 THE WITNESS: This does not show faults, as far as

24 I can tell. .

Aca Fedaal Reporters, Inc.
, )

25 DR. BABCOCK: It shows locations of boundaries.

;

)
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1

I THE WITNESS: These are fluid fronts. These curved

2 lines are the front of the fluid.,

3 DR. BABCOCK: But the boundary that is outlined;

() >

d there I interpreted as being the faults that were predicted
-

4
'

5 by Mr. Gruy.

6 THE WITNESS: I am afraid I can't answer that,

7 Dr. Babcock. I will have to let Mr. Guy answer that, sir.
1

8 Mr. Gruy will testify.

; 9 DR. BABCOCK: These are not boundaries.
i

10 MR. GRUY: These aren't faults.!

t

IIj DR. BABCOCK: They are boundaries?

I2 CHAIRMAN FARMAKIDES: We will talk about that later.

() I3 DR. BABCOCK: WhaL I was gelting dL was I had

interpreted Figures 5, 6, 7, 8, and 9 as being fluid boundaries [Id
7

15, that inhibited the flow of water from the well, which is the

16 point in there, on outside. And in my layman's language, I

I7j was equating a boundary to a fault.

i
18

1 Now, then, the thing that was bothering me was

19 that~there is some rather major differences in the location

20 of this fluid boundary as you go down at some of the faults.

21 I am merely asking you if that is a common thing.

22 THE WITNESS: I can't answer it.()
'23 DR. BABCOCK: That is all I was getting at.

24
; CHAIRMAN FARMAKIDES: We have one more question.

Ace Fedsol Reporters, Inc.

25; MR. KORNBLITH: Let me refer to page 19 of your
i

>

.

. , , _ . _ _ _ , _ _ , _ , _ . _ . _ , , . _ . _ _ . _ . - .,. _ _ . ~ _ _ _ . , , _ . . , _ .____..__,,,-._.,_...,,,-_.__,v. ..,__,,__.,y___.__,,
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.

I prepared testimony. You said about seven lines up from

2 the bottom, "The Arbuckle gr;up of formations is shown to be

3 homogenous in local details and numerous careful workers

V 4 have succeeded in correlating narrow zones over wide

5 distances."

6 Could you explain to me what you mean by

7 homogenous? Is this three-directional homogeneity,or are you

8 talking about layers, or what do you mean here?

9 THE WITNESS: You might think of a sedimentary

10 rock as consisting of layers like boards piled one on top of

Il another. By homogenous I mean that a single board in that

12 stack would be essenttally be the same in all directions.

7
< i3|i

But - lien Limiti is a pile ofMR. KGRNBLITil: w

14' interspersed pine, oak and so on, boards, one layer is not

15 / the same as the next?

16
;p TIIE WITNESS: That's right.

17 MR. KORNBLITil: The reason this bothered me.a little

18 bit is because your statement of homogercity seemed to be

19 inconsistent with the information in some of the other testimon "

20 showing the differences between the five layers in porosity

21 and permeability, and of course the difference between the

(] five layers and the intermediate layers.22
j

23 So you are not inferring that in a vertical

direction there is homogedity in the group?
!

24
Ats Fed;rol Reporters, Inc.

25 T!!E WITNESS : No, except that the various units |
|

|
-

:

- - - _ - - - - - - . ___ ---- -



.

cr6 111

of the Arbuckle group are si ailar in nature. They are allj

2 dolomite, they all contain varying amounts of sand, some shale,

and the salicious material that we refer to as chert. But
3

r~

(_) the crystal size, for example, or grain size varies from layer4

5 to layer. So does the sand content.

MR. KORNBLITH: Now, suppose you drilled another6

7 well, let us say a hundred yards away, just for the sake of a

number, and you could identify the same layers in there. What
8

sort of differences would you expect in permeability and9

10 Porosity between the same layer? Could you give us any sort

11 of quantitative guess?

12 THE WITNESS: A hundred yards away they would
,

13 probably be identical.()
gi MR. KONRBLITH: Could you give us two sig:lificant

I
15 !. figures, or one, or three?

!

| THE WITNESS: Two. This is not something you can16

37 quantify.

MR. KORNBLITH: One particular layer has a porosity18

39 of .089, we will say. Another sample, a hundred or two

20 hundred yards away, you would expect to be within a few

21 Percent of that same value? |
l

THE WITNESS: Yes. 1

m 22
-]

1MR. KORNBLITH: And some of these layers with 2523

to 34 feet -- well, one was 34 feet thick. Along that whole24
Aca Fedxot Reporters, Inc.

25 30 feet, would you expect to find the figures about the same?
1

!
|
|

;
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,

I; I guess numbers were available. Were they the same or what
!

2 sort of variations were there?
,

,

3 THE WITNESS: I cannot answer that, but I would

j -O
4

p expect there to be variations. It is not as though you

5 drilled it through a cave, a cavern, for instance, where
1

j 6 the porosity and permeability would be identical.

7 MR. KORNBLITH: So when you talk about it being
.

8 homogenous within the layer, you really mean homogenous?
;

9 THE WITNESS: Yes.

|
10 MR. KORNBLITH: And homogenous means within a few

Il percent?
<

12 Don't let me put words in your mouth, if this is not
,

|() 13 1 what you meant. ,

i

14 THE WITNESS: That's right. What I further meant

i
- 15 here by saying correlating narrow zones over wide distances,

j 16 to illustrate the lateral homogeneityin this, there is one
i -

17 unit -- well, there are several, but one in particular that

18 can be identified from northeast Missouri to southern

i 19 Oklahoma with very little difference. I am referring to

20 the sandstone basin of the Ordovician series... ;

21 MR. KORNBLITH: Thank you. That is all I have..

O 22 coxIsmsu ,xmM3xIoES, ,hanx you, or. chenoweth.

23; Do you intend to stay here for the course of

24 these hearings?
Ace-Fedaal Reporters, Inc.

25 THE WITNESS: Yes.;

.

>

e
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,

i

I MR. KINSEY: Dr. Warner had a series of questions

2 he was wondering if he -- or one question he would like to

; 3 ask which he omitted in his earlier questioning, which he

O d would like to ask, if there is no objection.

5 CHAIRMAN FARMAKIDES: Is there any objection?

6 MR. IRVINE: No, sir.
1

7
; CHAIRMAN FARMAKIDES: Ordinarily we wouldn't do

8 this, but go ahead, Dr. Warner.
,

9 RECROSS-EXAMINATION,

i

10 BY DR. WARNER:

II Q I would like to relate it to the two questions
i

12 you have just asked him, Dr. Ko'rnblith. You asked if they were i-

!O '31 e hundred va g-a. I - e1d - e um - ee-uenaeh
-

! .

14 regard to homogenity to Dr. Chenoweth if the wells were a half

S a mile apart. This is with regard to porosity and ',

!
16

;. permeability continuity, not with regard to stratographic

17 markers.

I 18 CHAIRMAN FARMAKIDES: Do you understand the ques-

l9 tion?

20 THE WITNESS: Yes, I understand the question. I

21 am not sure I can answer it very briefly.

Q The nature of this permeability is such that it can22
,

23 diminish laterally and probabli does. But it depends on the

24 vagaries of the rock itself. Th.at is, you might find this,

Acs Fedsrol Reparters, Inc.

] 25 same permeable. zone in one direction for a great distance, and

!
"

.
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I in another direction for only a short distance.

2 DR. BABCOCK: Would you put some numbers on

3 " great" and "short"?

'# 4 THE WITNESS: It is conceivable that a permeable

5 zone like this could extend for five or six miles.

6 DR. BABCOCK: And that is a great distance?
1

7 THE WITNESS: Yes.

8 DR. BABCOCK: And a short distance?

9 THE WITNESS: Oh, a half mile.

10 BY DR. WARNER:

Il
O The second question was with regard to this

12 locating of the fault.- We were talking specifically about

() 13 the Webbers rails fault, the one nearest the Kerr-McKee well.

14h If you were to wish to determine precisely where that fault
|

15 L existed or if in fact it did exist, what would you do?
t

16 | What procedure would you follow to determine as nearly as
i

17 possible where that fault exists, if it'does?

I8 A In order to determine exactly whether it existed,

19 one would have to excavate across the line of the fault and
20 actually observe it.

21 O Within a. margin of error, let's say. I didn't mean

(G~g
22 to say that -- if you wanted to pin it down within a quarter

23 of a mile, what would you have to do, or what could you do?
24 A There are various geophysical methods with which

4tFedwol Reporters, inc.
]25 it might be located. That is, perhaps a seismic survey across

.__ _ _ _ - _ _ _ - _ - - _ - _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ - _ _ - _ _
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1 the line of fault. This is a technique for measuring the
i

2 travel time of sound waves from the surface to a reflecting

3 layer in the subsurface.

4 CIIAIRMAN FARMAKIDES: To be a little more specific,

5 with regard to Dr. Warner's questions, what did you do?

6 TIIE WITNESS: Nothing beyond what is stated in

7 here.

8 BY DR. WARNER:

9 Q If you wanted to locato it more accurately, what

10 would you or could you do? And he mentioned seismic, which

11 is a further interpretative procedure. Then after you did

12 the seismic survey to determine in fact if the fault existed,

() '13 whe.t '<:ould you then do?
,

l.

14 [ CIIAIRMAN FARMAKIDES: I am not sure -- this bothers

15 me, sir.
,

16 So far as I understand this witness, he has said
i

17 what he has done, which is an accurate, step-by-stop approach.

18 Now, are you saying that it is not accurate and

19 what he could have done would be accurate?

20 DR. WARNER: Well, the fault is at this point

21 an inferred fault. The fact that a fault exists or does not

{) exist is important to the question.22

23 CIIAIRMAN FARMAKIDES: Then could you restate your

24 question?
AceFederal Reporters. Inc.-

25' DR. WARNER: Yes, I will be glad to.

.

_ - - - - -
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I BY DR. WARNER:

2 Q What procedure would you follow if you wished to

3 locate or unequivocally determine that this fault does

O 4 exist and where it exists and where it is in fact?

5 A As I stated earlier, the only way it could be un-

6 equivocally located is by trenching across the location.

7 Q Then I later qualified that to say within a

8 quarter of a mile. Wouldn't drilling of additional shuttic

9 holes to a marker bed accomplish the same thing?

10 A No, because there are other geological conditions

II which.might account for the same situation.

12 Q Well, would you describe those?

O I3[
A It ceu1d be e he1e, for exemg1e.

M| Q Wouldn't the drilling of the wells and the

15 seismic survey indicate rapid change in vertical location of

16 these marker beds?
.

I7 A Yes.

18 DR. WARNER: May I ask one more question?

I9 CHAIRMAN FARMAKIDES: On the same problem?

20 DR. WARNER: No. It is a slightly different

2I matter.

22 BY WARNER:

23 Q What would the first layer be above the Arbuckle,

24 one that had sufficient porosity sufficient to obtain a small
Ace Fedirol Reporters, Inc.

'

25 amount of water from it by pumping or put water into it by

j

i
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I injection in your analysis?

2 A The lowest permeable and porous zone would be the

3 Simpson sands.
O . .

4 (Discussion off the record.)
5 CHAIRMAN FA141AKIDES: We will take a five-minute

6 recess and reconvene.

7 (Recess.)

8e8

9

10

11

12 .

O '3 jj
14

15

16

17

18

19

20

21

"O
23

24
ActFedral Reporters, Inc.

'

25
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1 CHAIRMAN FAMAKIDES: I would like, Mr. Irvine, if

2 I can, to ask Dr. Chenoweth one last question. I need to have

3 some further clarification. Dr. Chenoweth, would you please

4 come back to the stand? It is just my own need to clarify

5 somothing that I am a little confused on. Do I understand

6 what you had said earlier, and looking at it from a general

7 point of view, you have various layers of different types of

8 materials, rocks and what-have-you.

9 THE WITNESS: Right.

10 CHAIRMAN FARMAKIDES: And ordinarily a fault would

11 extend in a main through these layers. In other words, these

12 layers, then, displace- upward or downward, or perhaps some other

() 13 way, but upwards or downwards.in such a way that you have a'

14fplane. Well, now, Dr. Dabcock had asked you something earlier

|
15' and I wasn't clear. Did you suggest that these layers -- that,

16 shall we say, you have layers A, B, C, D,E, F. Did you suggest

17 that perhaps layer B and layer F would be displaced without C

18 and E being displaced?

19 THE WITNESS: No. The question was what fault w3uld

20 go down a certain distance and then be continued a lateral dis-

21 tance from that.

22 CHAIRMAN FARMAKIDES: But now you are telling me

23 that each of these layers will be displaced either upward or

24 downward?
Aca Fedarol Reporters, Inc.

25 THE WITNESS: Of course it doesn't go on indefinitell .

.
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1 Cl! AIRMAN FARMAKIDES: I understand that. Thank you,

2 Doctor.

3 (Witness excused.)
O 4 CllAIRMAN FARMAKIDES: We can proceed.

5 MR. IRVINE: Dr. Sternhagen, please.
,

6 Whereupon,

7 CIIARLES J. STERNIIAGEN ,

8 was called as a witness on behalf of the Applicant, and having

9 been first duly sworn, was examined and testified as follows:

10 DIRECT EXAMINATIONxxx

11 BY MR. IRVINE:

. 12 Q Would you state your name, please?
I'
b() 13 A Charlec J. Sternhagen.

14 Q Dr. Sternhagen, I hand you a copy or a document

i

15 1;which is identified as the prepared testimony of C. J. Stern-

16 hagen, M.D., to which is attached the qualifications of Charles

17 J. Sternhagen, M.D., and ask if you can identify that document

'

18 as such?

19 A Yes, sir, this is my prepared testimony and this is

20 a brief resume of my qualifications.

21 Q Do you adopt that as your testimony in this cause?

22'() A Yes, sir, I do.

23 CIIAIRMAN FARMAKIDES: Could you briefly summarize

24 your testimony, sir?
ActFedirol Reporters, Inc.

25 TIIE WITNESS: Yes, sir. This report deals primarily

|
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I with the radiation toxicity of the Raffinate disposal well and
2 spring solutions at the Kerr-McGee Sequoya facility. Radium

3 is accepted as the radiological toxic agent of primary interest.
4 There are four naturally occurring radioactive-

5 series. We are not discussing the very toxic radio nuclides

6 of the actinium series which involves uranium 235. We are not

7 talking about the decay of plutonium 241 in the neptonium
8 series. We are only talking about the thorium and uranium

9 series.

10 Now, the primary toxicity with uranium is to the

II kidney. !!owever, the absorption in the gastrointestinal tract

12 is in the range of about three percent to 300ths of a percent,

O '3i==tei=verrosviomeeneeareaiem23a18 totet i a 1" re1 -
'

lI4 tively great amounts by the oral route.

15 [ DR. BABCOCK: When you say uranium, are you quali-

16 ifying it as to the chemical' composition of the uranium or just
|uraniuminanychemicalcomposition?17

18 TIIE WITNESS: Uranium in any chemical form is still

19 uranium in terms of kidney toxicity.
20 DR. BABCOCK: I recognize that. I was wondering if

21 you were talking about a specific uranium oxide or were you
22

{~} including uranium chloride, for example.
23 TII" WITNESS: I think we can include them all. Are

24 ther: any other questions about uranium.
Ace Fed 2rol Reporters, Inc.

25 The next, thorium,' generally seeks out the liver,

___ __- - __________. _ _ _ _ _ _ - _ _ _ _ _
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1 spleen, blood vessels and connective tissues. Ilowever, the i

2 absorption of thorium decay products in the gastrointestinal

3 tract is very low, less than one thousandth of one percent

4 absorbed at doses of 500 to 800 milligrams per kilogram,

5 and 5 hundredths of a percent at 5 milligrams per kilogram.

6 Radium has a maximum permissible amount fixed in

7 the body of one tanth of a microcurie. Radium is eliminated

8 very rapidly the first weeI: after ingestion. 70 percent the

9 first 24 hours and 95 percent within five days.

10 Scme of the figures on radium I think are important

11 to put these solutions in perspective. The Great Salt Lake at

12 Utah has 5 x 10-3 microcuries per milliliter. Curie Springs

() -4
13 at Doulder, Colorado, has 2.G,x 10 microcurica per milli-

d
141 liter.

15 Normal ground water in the U.S. ranges from .58 to

8
16 , 3.9 x 10 microcuries per milliliter.

17 If a person could drink this solution straight a

|
18 e single ingestion of one liter would be relatively harmless

19 because 90 to 95 percent would be climinated within the first

20 five days. Also, in order to develop a body burden it would

21 require perhaps years of daily drinking for it to become harm-

(]) 22 ful.

23 i Since these solution concentrations in the wastes

24 are so strong they cause a burning sensation and bad taste
ActFedaal Reporters, Inc.

25 which would make it almost impossible to receive a dose of

.
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1 radio nuclid'c of any significant level.

2 In calculating a worst possible accident or incident, we

3 showed on the second figure that if you pumped the entire solu-,

4 tion in to the Arbuckle -- in to the Illinois and Arkansas

5 Rivers at various levels of a massive fault leak, the general

6 dilution of those rivers would still be great enough that the

7 concentrationc would generally be below permissible limits.

8 It is my understanding that the way this area will

9 be monitored and the high precision with which a leak from the

10 reservoir can be detected, high precision and accuracy, I believe

11 it is incredible that actual release through ftilure of the wel]

12 or the reservoir would result in significant exposure to the

13 population in this area.

14 CHAIRMAN FARMAKIDES: Thank you, sir.

15 '; Any cross?
b

16 MR. KINSEY: Yes.

17' CROSS EXAMINATIONxxxx
.

18' BY MR. KINSEY:

19 Q Dr. Sternhagen, I have just a few questions. Arc

20 you familiar with the linear concept of radiation effects?

21 A Yes, sir.

22 Q Could you describe what the concept is?

23 A In order to describe that it is necessary to describe

24 non-linear concept also.
Ac>Fedaal Reporters, Inc.;

25 ! O Please do. .
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1 :

,

1 A' . The linear offect means that the more radiation one .

!
4

2 has starting from ::ero, that this always is an effcet and it is

3 cumulative or increases in a straight line function. Non-
.

;

O '
.

d linear effect merely means that there is a threshhold, an

f5 amount of radiation that one can have before there is a effect
i

6 that can be measured or that can be harmful. j
1 ;

i Q Do you subscribe to one or to the other of the two i7
;

!
8 theories, and if so which one is it?

"
|

9 A We are compelled to the linear theory in fly

1
10

] genetics and that is because there they were able to measure ;

1

) II down to very low radiation dosages and effect on genetics.
; ,

12 However, this is in all types of industrial genetict

O 13 that I am aware of -- there are threshhold limits and this meant
,

' Id that there are certain tolerable amounts that are allowed, ;
. i

j 15 that are logically not considered harmful or there are enough
!
! 16 safety factors that those threshholds are allowed. So there-
1

1 17 fore in terms of somatic body effects, one is compelled to use
i

{ o9 18 threshhold limits, since that is how all the data is published.
;

; 2R 2802
1 19

i
' 20 j

!

! 21

1

!O 22

! 23
1

j 24
i Ace.Fehral Reporters, Inc.

,

| 25
,

i
;

1
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1 Q In terms of genetic effects, you would apply the.

4

2 linear concept?

3 A In terms of any genetics.

O
4 Q If I understand your testimony, essentially you

5 intended to analyze possible radiological health and safety

6 consequences in the event there were a release of the raffi-

7 natt waste water from the disposal formation; is that a

8 correct interpretation?

9 A I think so. I

10 0 In your assessment, what considerations did you

11 in fact give to possible long-term radiological effects from

12 human exposure to waste water?

() 13 h A Well, ac I stated,provinusly, the undiluted
,

!! e

14 solution I think -- I think it has to be stated that it would
I

15 be categorically impossible to drink it long term because

16 it is too strong a solution. It causes too much burning of

17 |
the linings of the mouth and digestive tract.

18 Q Would it be possible for the radiation level to

19 reach maximum permissible concentrations in, let's say, a

20 domestic water well before the salt concentration reached the

21 detectable limit?

(]) 22 A I don't know.

23 Cl! AIRMAN FARMAKIDES: What was your answer, sir?

24 Tile WITNESS: I don't know.
A<e Fedsrol Reporters, Inc.

25 CIIAIRMAN FARMAKIDES: Let it be clear for the

.
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|
1 record that we are talking about the waste disposal solution.

I

! 2 MR. KINSEY: Excuse me, sir, yes. I meant not the
,

! 3 salt but the chemicals in the waste water.

f ()
4 THE WITNESS: Would you rephrase the question, '

;

! '

! 5 please?
.

!
I

i 6 BY MR. KINSEY:
!
; 7 0 Would it be possible for the radium concentration *

: 8 to leak into a well along with the waste water and perhaps
;

j 9 reach maximum permissible concentrations prior to the other j

: !
! 10 chemicals in this waste water reaching such a level that they i

| !

| 11 would be detectable by a potential recipient? |

1 ,

i 12 A I think that is possible, f!

f () 13 Dn. BAECOOK: You =can by "dctcetable" that the !
I;

i 14 guy would spit it out, that he wouldn't like it, that the t

r

15 water would taste bad? |

16 MR. KINSEY: Yes. I

i

17 CHAIRMAN FARMAKIDES: Doctor, what was your answer? I

;- 18 THE WITNESS: I think'the answer to that is that !

I
: 19 it is possible. I am not an expert in that area. ,

20 BY MR. KINSEY:

21 O You selected release into the river as the worst

(]) 22 case, in your opinion. Did you consider other alternativei

i
'

23 case situations as possibly being the worst case?
;

-

[ 24 A Yes, we did. We racked our brains to consider
Ace Fedarol Reporters, Inc.

I 25 which would be the worse and we thought this would be the
i

f
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-

I 1 worst.
1

'

2 Q May I ask what other cases you did consider?

3 A We considered a release on the property.
I :)

,.

C .

1 4 Q Did you consider what would be the possi le ,

'

i
1

; 5 radiological effects of a release -- you mean on the surface?
u

!

6 A Yes.
,

i
7 Q Did you consider what those radiological effects

;

j 8 would be? i

:

! 9 A The radiological effects would be very quickly !

J

10 stopped since if you had a release on the property you would [
:

| 11 simply have corrective action to stop the release. So, i

; ;

f 12 therefore, we felt that this would not be as bad since it
|

() I
13 could be more quickly corrected, perhaps.

14 Q Did you consider a release off-site at some'

,

15- unknown 1ocation on the surface?
,

16 A These are releases off-site.
,

.

>

| 17 Q Other than releasing to the river, on the land

i

18 surface?

19 A Yes, I think we did consider that.

20 0 Would that include considerations of uptake and

21 food sources, that is, radium uptake by plants and things of
,

(} 22 that nature?:

; 23 A Yes, but again that, we felt, was not anywhere near
i

; 24 what this worst possible act would be.
Ace Fedsrol Reporters, Inc.

,

,

25 Q I am referring now to Figure 2 attached to your

:
,

|

_ _ _ _ _ _ _ _ _ _.m_ _ _ _ - ~ ~ ___
-
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i

it

I testimony, concentrations resulting from injection of Raf finatt4

;

1 2 or or Arbuckle formation into the Illinois and Arkansas
i

3 River.

()
|

4 Am I correct in saying that these calculations are
i

j 5 based or interpreted on the basis that the maximum permissible
.

6 concentrations of radium in solution into unrestricted

! 7 areas is 3 times 10-8 in accordance with Appendix B?
!

j 8 A Yes, sir. i

1 .

9 Q When you performed these calculations, did you {f
I

1

j 10 take into consideration the provisions of 10 CFR 20.106, ;

1

f Il Paragraph E, which in this volume is on page 153, which

i
,

12 provides as follows: -

1

!O '

la ,,, edd t u e , to u.a u,,e - ,~ ,u ue, u, ff1 - ,e
1

,

f
Id I streams, the Commission may limit quantities of radioactive

15 materials released in air or water during a specified period

10
| of time if it appears that the daily intake of radioactive
! .

) 17 material from air, water or food by a suitable sample of an
: .

j 18 exposed population group averaged over a period not exceeding
,

i 19 one year would otherwise exceed the daily intake resulting
|

} trom continuous exposure to air or water containing one third [20
1

1 21 the concentration of radioactive' materials specified in
1

|(]) 22 Appendix B, Table 2 of this part."
1

23 If I interpret that section correctly, it means
'

i
i

24 when we are dealing with release of effluents to water and ;

. Aes Federal Reporters, Inc.

! 25 to which there may be an exposed population,you would reduce
i

r .

.
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1 tie MPC factor by two thirds. In effect, we would have a |
|

maximum permissible concentration of 1 times 10-8,!
i

2

3 Did you give any consideration to that interpre-
()

4 tation?i ,

S 5 A I think if you look at most of the figures, they i

;

6 ana far- below even though, far below.
1

7 Q I am leading up to a second question.:

8 CHAIRMAN FARMAKIDES: Did you answer the earlier)
! 9 question, sir?

f
10 BY MR. KINSEY: ,

r
'

t

11 Q Did you consider 20.106, Paragraph E, in your |
,

|
12 interpretations of this data?

.

() 13 i A I did not spccifically do that.j ,

'
I,.

] 14 0 The concentration of the radium 226 in relation ,

i ,

15 to the maximum permissible limits as set forth in Appendix B t
4

:

j 16 you establish at approximately 100 times that value; am I !

17 correct?
4 .

18 A Would you repeat that, please?

19 O In relating the radium concentration of the raffinate;

i 20 waste water to the maximum permissible concentrations set
:

; 21 forth in Appendix B of Part 20, you indicate that the
:

!O 22 radium centene of the raffinete, is apgroximate1y 100 times MPC2

| 23 A I believe that is correct.
4

! 24 Q Would that not be correct?
j Acs Federal Reporters, Inc.

25 A Yes.
1

.
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1 Q With the radium concentrations in that waste

2 water 700 times MPC, how would that affect your calculations

3 in the overall sense?

O '

4 A 700 instead of the --

5 0 Instead of 100. If the radium concentration in

6 the waste water were 2.1 times 10-5 microcuries as opposed

7 to the 340 times 10-8 microcuries, how would that affect

| 8 your calculation?
i

9 A It would be a simple mathematical calculation.

10 You would just simply multiply it out for each one of these

Il solutions. So if it was -- you are saying if it was 7 times

12 this concentrated? -

() 13' O Yes.

14 A You would multiply everything on this list by 7.

15- O So in other words the minimum record 1970 for

16 1971 which is now 0.83, if my mathematics is any good,

17 which it is not, it would come out to be approximately 3.15,

18' would it not?

19 A Yes, sir. Please keep in mind that that is,

20 you know, for a period of one day when the chance of that maxi-
.

- 21 mum worst accident occurring on one single day -- that happens

(]) 22 to be the lowest day on record -- it would be an extremely

23 small chance. .

| 24 0 Is the minimum record 1971 just for one day or
AceFedprol Reporters, Inc.

25 for an entire year, averaged over 365 days?

I
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;

1 A The average is the first number.
T

| !

i 2 Q I see.

3 A Which is 0.0007. If you multiplied that by 7 you4

: O
i 4 would still be way below what you quoted from the regulation.

! 5 Q But in any event, we could take all these values '

i

! 6 that you have here for the raffinate and simply multiply them !
'

i.
7 by a factor of 7 to arrive at the appropriate values.

I i

! End #10 8 A If I have understood you correctly, yes. .

I I

I 9
'

I
t

i io :
)

11 !*

!
'

,;

: 12 -

IO

1.1
.

,. -

14
!

', 15 i
5 t

I

| 16 r

i

17 |4

! |
'

18

i
i 19
i I

! 20 |
s

.,

A

21) ,

i

!!O 22

1

: 23
i

i 24
+.
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11
1 Q Thank you.

2802
2 One point on your worst case analysis concerning

3 the leakage into the river. Assuming a leakage or an escape

O 4 of 19 gallons per minute, which I believe you indicato,

5 wouldn't there be, near the point of discharge at least, a

6 plume of effluent, waste water, extending downriver which

7 would in fact be in concentrations greater than those

8 ultimately indicated for the dilution?

9 A Definitely.

10 0 Would there be any potential radiological health

11 and safety effects of this concentration of radium in this

12 plune in the immediate area, either on wildlife, aquatic
I

({) 13 life or porrible human contact?

14 " A You have asked aquatic life, human -- you are

151 including several things. I can't answer on several of those.
.

|i16 O How about just human life?

d
17

| A I don't think there would be any harm to humans.

'

t 18 CHAIRMAN FARMAKIDES: How about aquatic life, sir?

19 THE WITNESS: I think it is possible.
:
,

20 CHAIRMAN FARMAKIDES : How about vegetation growing

21 in the river?

22 THE WITNESS: At that very point, yes , it is

23 possible.

l
24 BY MR. KINSEY:

{Aco Fedsrol Reporters, Inc.

25
, Q One further question. On page 4 of your testimony,

i \

-. _ _ . _ _ . - _ . __ . ._ _- . -_

1



_ .. _ _ _ _ _._ ___._-... _ _.. _ __ - _ _. _ _ _ ___ _ _ _ ._ _ ___

jon2 132
!

I under the heading of radium, you indicate in the first !
|

2 sentence that the maximum permissible amount of radium fixed j,

3 in the body is 0.1 microcurie. I ask if you are familiar witl<
| O '

4 Report Number 2. It is a Staff report of the Federal

5 Radiation Council dated September of 1961. It is entitled

6 background material for the development of radiation
:

7 protection standards. |
8 Are you at all familiar with this document?

9 A I have seen it before, not recently.

10 Q I quote from page 12 of the document.

11 Excuse me, Mr. Chairman. I don' t have extra

12 copies of this.
'

i.

!

O 13 c"^rn an v^a"^xtors: we ere remitter ~1*a enee. -

14 What paragraph are you pointing to? i

15 MR. KINSEY: Paragraph 3.10.

16 BY MR. KINSEY:
!

17 O It states, "In view of the above considerations
'

18 the Council recommends as an alternative a radiation protectio n
7

!

19 guide for bone, for individuals in the general population, a

i20 skeletal concentration of radium 226 corresponding to'O.003 '

i
'

21 micrograms in the adult skeleton. The radiation protection i

22 guide to be applied to the average suitable samples of an

23 exposed population group is a skeletal concentration of

24 radium 226 corresponding to 0.001 microgram in the adult
Ace Fedsrol Reporters, Inc.|

25' skeleton."
'

i
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1 Do you consider those recommendations of,003 and

2 ,001 microgram which were adopted pursuant to a memo to the

3 President and. approval thereof in 1961 -- can you reconcile

O d these two figures with your maximum permissible amount of

5 0.1 microcurie on page 4 of your testimony?

6 A Yes. The latest publications -- these are

7 quoted from the latest publications. One precedes the one
,

8 you are talking about, which is ICRP Number 2. The latest

9 publication has been within the last year or so and it has

10 essentially the same figure as ICRP Publication Number 2,

II which is as stated here.

12 O Is that fi-gure for the general population?

(]) 13 A The general popul,ation figure ac recommended in
i

14' that document are to be reduced by a factor of 10.

15' Q Do you have the date of that?

16 A It is quoted on the references. Reference Number 6
i

17' *

CHAIRMAN FARMAKIDES : What is the date of the

18
i document you were quoting from?

19 MR. KINSEY: September 1961.

20 DR. BABCOCK: In other words, that is three years

21 later than the references the doctor is speaking about.

22 MR. KINSEY: Mr. Chairman, we have no further{~,l/
23 questions.

24 CHAIRMAN FARMAKIDES: Any redirect, Mr. Irvine?
Aes Fedaal Reporters, Inc.

25
,

MR. IRVINE: Perhaps I am somewhat out of order,

I

.
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I

i

1 but perhaps since I am not quite fast enough on the difference
,

2 in terminology, at this stage of the game we might object to

3 the questions in connection with 20-103, Subsection E,

4 on'the grounds that they are talking there about a release in *

5 the air or water.

'

6 What we are talking about is an accident, the

; 7 worst type of accident. Therefore, I think the question. ;-
i

8 is pr,obably irrelevant at this point.

9 CHAIRMAN FARMAKIDES : So you are moving that the
!

10 questions be stricken?
|

11 MR. IRVINE: Yes, sir.

j 12 CHAINWiN FARMAKIDES: Mr. Kinsey?
;

I (} 13 ! MR. KINSEY: We, sir, would argue that by accident

4
,

; I4 or otherwise, a leakage from the formation into the river
s

15 would constitute a release within the meaning of this or
,

l 16 any other standard set in Part 20.
a

17 CHAIRMAN PARMAKIDES: We will allow the questions

|

18 to stand.
,

19 The Board has a couple of questions.
.

20 Were you finished, Mr. Irvine?

21 MR. IRVINE: Yes, sir,
i

j
. 22 MR. KORNBLITH : Dr. Sternhagen, have you considered

23 among other possible modes of release something along the;

1

24 lines where the raffinate comes up to the surface
'

Ac> Federal Reporters, Inc.

25 through a spring or lake of 'some sort and perhaps dries on
T
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I surface and then gets into the body through inhalation of

2 dust or something of that sort?"-

3 t. TIIE WITNESS: ,Yes, we have considered that.
O

? 4 MR. KO,RNBLITH: Can you coapare the results of
'

i

,5 thai: calculation to the results you have in the case where it,

6 is dissolved in the river?,
) s

,

7[ Tile WITNESS : Yes,. sir. We felt in that instance
e f s

8 most likely if the raffinate itsdif were coming forth on the

9 j surface it would cause sufficient damage that it would be
,

10 easy to detect this.
!

II MR. KORNBLITil : Damage to what?
)

'I2 h TIIE WITNESS:- To the fpliage and ground cover. ;
J

I

nR. xce::st1Til: v.rou1d it he detecteh1e throu2h |O,
. is J

! t
-

I4 !: that mechanism before it had an opportunity to do any

15 significant harmJto people?,

TIIE WITNESS: It should be.
l',

'
j 17 MR. KORNBLITil: What is the relative toxicity

18 inhalded in that manner compared to ingestion?;

j l9 TIIE WITNESS: We feel that intlaled radionuclides-

) |-

20
| in the open environment are virtually nontoxic because there'

.

' 2I is such a fantastic amount 'o'f kilution.
,

<

, I
,

q 22 MR. KORNDLITII: 'You are relating it now to the
i U
i- 23 dilution and not to the physiological effects; is that'

:

I t ! 24 correct? ?

j AceFedwol Rderters, Inc.

25 It is not because the respiratory system does not,

,
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> g .
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.
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i l retain it and allow it to get into the.other parts of the

2 body?
4

3 TIIE WITNESS: It is because of the fact if it is
'

: o 4 exposed to the open air there has to be some mechanism for1

5 getting this material into the lung in sufficient quantities
!

6 to do any harm. ,
i

7 This means that the particle size has to be betwen:t

i 8 3 and 5 microns, for instance, and there are a lot of other
,

9 requirements.

10 MR. KORNBLIT!!: One other question. Are you
i

II; familiar with this salt water spring that the preceding
I

12 witness testified to and if so do you know the radium content

i O 'a: of it
.

4

I I4| TIIE WITNESS: NO. F# r, I don't holieve I do. ;

{
'

,

15' MR. KORNBLIT!!: That is all.

;andll 16

'

17

*

|
18 *

I9 !i

.l
20

i
i

*

| 21

!

,

! 23
j

24'

*
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1
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1 CIIAIRMAN FARMAKIDES: I have a couple of questions

2 for clarification.

3 Dr. Sternhagen, assuming that raffinate somehow
,m

(-) 4 or other leaked into some subsurface water and it was carried

5 to wells being used in the area, for example, whether people,

6 wells or animal wells. You said earlier that a person

7 could drink a liter of this without any harmful effects but

8 it might -- that it would take years of drinking of this
|

9 raffinate -- I a.ssume once it was distilled -- or were you
10 talking about the actual raffinate itself, undiluted?

11 TIIE WITNESS: The actual raffinate.

12 Cl! AIRMAN F,ARMAKIDES: It would take years ot

{ j} 13! drinking that before there would be any harmful effects.
,

1.: " T!!1: WITNESS: In terms of radium.

15 CliAIRMAN FARMAKIDES: liow about the other radio-

16 nuclides in there?

17 TIIE WITNESS: I don't think they would have anfI

18 harmful effect either except after a long time.
19 CllAIRMAN FARMAKIDES: By a long time you mean

20 years?

21 Tl!E WITNESS: Perhaps years.

ig 22 C11 AIRMAN FARMAKIDES: llow many years, 10 years,
\_)

23 5 years, 20 years?

24 Tile WITNESS: Perhaps 5 years..,

Ace Fsdyrol Reporters, Inc.

25 CIIAIRMAN FARMAKIDES: So that after a period of

I

,

G

_ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . . . _ . . . . _ _ _ . _ . _ _ . . . _ _ _ -.._ . _ _ _ _ _ _ _ . _ ._. _ _ . . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ .m



-_. . -_-_ - - - _ . . - . - _ . . - . _ .__ - . . _ _ . . . .- . - - - -_

138ty 2 ;

I time, 5 years, a person could be harmed by drinking the con-

! 2 centrated raffinate.

3 Tile WITNESS: Well, may I say this: I feel that
,

Lo
| 4 it is impossible to drink concentrated raffinate. . So,

I

| 5 therefore, even if one could drink it, you would probably not

6 survive due to drinking other things in there. Radiation

|
7 hazard frr.n drinking it would be extremely negligible com-

8 Pared to the other hazards.
R

9 CHAIRMAN FARMAKIDES: I understood you to say that

10 but later the Staff's question, I thought, was: Is it possibic
P

11 for there to be concentration up to a point where a person

12 would not recognize its existence in that water? And I thought

() 13 i your answer wan yes, there wan nuch a ponnihility.

14 THE WITNESS: I think it is possible.
,

15 CHAIRMAN FARMAKIDES: At that point in time I am

16 sure you get where the concentration is but the. actual raffi- '

17 rateis something less than that but we are not sure how much

'

18 less. -

19 T!!E WITNESS: Right.

20 CHAIRMAN FARMAKIDES: Again I am trying to get a

21 feel for myself as to what you meant by harm that could accrue |

22 to a human. What really triggered me off was the observation
[}

23 you made earlier that in a plume where you might have this

24 Raffinate being discharged into the river at one spot, at
Aes-Fedarol Reporters, Inc.

25 that point you might have some deleterious effects to the !
!

|
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1 aquatic life I think you said and also to the vegetation.

2 In answer to Mr. Kornblith's question you

,
3 indicated that if this was coming up through the surface

(
4 it would have an effect on the vegetation. That caused me

5 to come back to what you said earlier and I am wondering

6 if you could clarify that for me.

7 THE WITNESS: I think the solution is a salt

8 branch solution and therefore if this were coming up to the

9 surface it would make it very difficult for anything to grow

10 right there. This would be easily visible either on

11 inspection of the property or flying over it.

12 CHAIRMAN FARMAKIDES: Dut you don't think it could

I'

13 blow away or it could vaporizo in such a way that it would,

141 put fumes into the air?

IS THE WITNESS: I don't think it could happen without

16 it being detected by a monitoring system. If you took out

17 all the monitoring systems then you are posing the question

18 that all of this material is here and then essentially this

19 is what the ponds are now.

20 CIIAIRMAN FARMAKIDES: Thank you, sir.

21 The Board has no further questions.

(} 22 Thank you very much.

23 (Witness excused.)

24 CIIAIRMAN FARMAKIDES: Gentlemen, we can break now
Aco Fedsrol Reporters, Inc.

25 for lunch. It is 1:15. Let's reconvene at 2:30.
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I Whereupon, at 1:15 p.m., the hearing was recessed,

End #12 2 to reconvene at 2:30 p.m., this same day.)

3

)
4

5
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8

9

10

11
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'

14
'
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1 AFTERNOON SESSION

2 (2:30 p.m.)

'3 Cl! AIRMAN FARMAKIDES: Mr. Irvine, we are ready
(D
$ /

4 to proceed any time you are.
''

5 MR. IRVINE: Mr. Chairman, at this time we would

6 like to avail ourselves of the opportunity to offer the rest

7 of our witnesses as a panel and we would also request permissic n

8 to submit to you the written qualifications of Mr. John S.
.

9 Rodgers, who is an associate of Mr. !! . J. Gruy and Associates,

10 Inc. He will be one of the members of the panel.

11 Cl! AIRMAN FARMAKIDES: Are you going to submit those

12 documents as exhibits?

O i 2 ''i
"a 'nv'"s= v-e, '4 - 8 w4ai* 3-8 1 eue "" we -

14 CIIAIRMAN FARMAKIDES: 3-E is Mr. Shelley.

15 MR. IRVINE: Then it would be 3-F.

16 CIIAIRMAN FARMAKIDES: The qualifications of Mr.

| Rodgers?17

18 MR. IRVINE : Yes, sir.'

19 CIIAIRMAN FARMAKIDES: Is there any objection to

20 these being received?

21 MR. KINSEY: No.

() 22 CilAIRMAN FARMAKIDES: They will be received.
GI

XXXXXXX 23 (The document referred to was

24 marked Applicant's Exhibit No.
Ace Fedsrol Reporters, Inc.

25 3-F for identification, and was

received in evidence.)
1
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.XXXXXX 1 Whereupon, |

I2 JOHN S. RODGERS, WILLIAM J. S ilE L L E Y ,

3 H. K. VAN POOLLDIAND H. J. GRUY ,

O *

4 were called as witness on behalf of the Applicant and, -

5 having been first duly sworn, were examined and testified
i

6 as follows:

7 DIRECT EXAMINATION

8 MR. IRVINE: Mr. Gruy, I hand you these documents

9 and ask you if you can identify them.

10 MR. GRUY: Yes, this one is a copy of my qualifi-

11 cations statement and this is prepared testimony of H. J.

12 Gruy and Associates,,Inc. in the matter of Kerr-McGee

() '

13 Corporation, Amendment to Source Material

14 MR. IRVINE: Do you adopt this testimony as your |

15 testimony in this cause?
r

16 MR. GRUY: I do. (
,

117 MR. IRVINE: Dr. Van Poollen I hand you this
:

18 document-and ask you what that document and the one attached

19 represent to you? !
-,

20 MR. VAN POOLLEN: It is the prepared testimony of !

21 H. K. van Poolen and Associates, Inc., and it is a statement

(} 22 of qualifications called biographical information for myself.

23 DR. IRVINE: Do you adopt this as your testimony ir

24 this cause? i

Ace FWwal Reporters, Inc. !
,

25 MR. VAN POOLLEN: Yes, sir.
|
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1 MR. IRVINE: Mr. Shelley, I hand you this document

2 and that which is attached to it and ask you if you can

3 identify it for us, please.

O
4 MR. SIIELLEY: It is entitled " Prepared Testimony

5 of William J. Shelley, In the Matter of Kerr-McGeo Corporation, "

'

6 and a biographical sketch of my qualifications.
;

7 MR. IRVINE: Do you accept this as your testimony

8 in this cause?

9 MR. SHELLEY: Yes, I do.

10 MR. IRVINE: Mr. Rodgers, I hand you this copy and

11 ask if you can identify this for me, please.
|

| 12 MR. RODGERS: Yes, sir, this is a statement of

| () 13 | my quali fi cationn ,
,

!
14

'

MR. IRVINE: And you adopt that as your testimony

15 in this cause?
I

t .
'

| 16 | MR. RODGERS: Yes, sir, I do.

17 MR. IRVINE: Would the Chairman still like to

18 have a brief summary of the testimony of each of these

19 individuals?
.

20 Cl! AIRMAN FARMAKIDES: Yes, sir.

21 MR. IRVINE: Mr. Gruy, would you give us a brief

(} 22 summary of your testimony, please?

23 CllAIRMAN PARMAKIDES: Mr. Kinsey, do you have

24 something?
ActFedual Reporters, Inc.

25 MR. Ki;1SEY: Yes, Mr. Chairman. Is this testimony
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4

I; now being offered into evidence at this time?
.

2 MR. IRVINE: Yes.

i 3 CHAIRMAN FARMAKIDES: I assume that Mr. Irvine,

(
| 4 you are going to offer it into evidence, right?
,

j 5 MR. IRVINE: Yes.
,

; 6 CHAIRMAN FARMAKIDES: It has already been accepted, '

i i

! 7 gentlemen, except for Mr. Shelley. Isn't that right?

i
8 MR. KINSEY: That is correct.

;

| 9 CHAIRMAN FARMAKIDES: The only one that has not
i

>

) 10 been offered into evidence is Mr. Shelley. All the rest

i
| 11 of it is in evidence. Why don't we at this point in time

'

!

12 handle 3-E, Applicantls Exhibit 3-E, the testimony of Mr.;

!

(]) i
'

13i Shelley.
,

! 14 I assume, Mr. Irvine, that you are offering 3-E -

ti

l 15 into evidence at this point in time?

.

16 MR. IRVINE: Yes.
I

'

17 CHAIRMAN FARMAKIDES: Mr. Kinsey, proceed.

I 18 MR.'KINSEY: Mr. Chairman, we would object to the
'

i

f 19 offering into evidence of the Applicant's environmental
! -

j 20 report which is included as an attachment to Mr. Shelley's

a
j 21 testimony after page 7, with the exception of the Figure 1
i !

22{} contained in that report which deals with the typical analysis

j 23 of the Raffinate and disposal well. The pages are not

24 numerated so I believe it is the next page -- it follows two
Ace Fedsrol Reporters, Inc. '

,

j 25 pages after page 12 of the environmental report. That page
!

!

!

l
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1 we would have no objection to.

2 Cl! AIRMAN FARMAKIDES: We are not focused with

3 you, Mr. Kinsey. We have the Applicant's environmental report.

O' 4 It is identified as August 1973, Supplement No. 3. '

5 Is that the one you had reference to?

6 MR. KINSEY: That is correct.

7 CIIAIRMAN FARMAKIDES: You are saying that you

8 would oppose this being admitted into evidence? For what

9 reasons?

10 MR. KINSEY: On the basis that the hearing was

11 noticed to consider the radiological health and safety

12 considerations incident to the application, not the environ-

() 13 1 mental considerations. That i s, the notice of hearing that

14 was issued by the Commission specifically provides that in

15- the event that the Board finds in favor of Kerr-McGee on

16 the radiological health and safety issues, it shall romand

17 the matter back to the Director of Regulation of the

18 Atomic Energy Commission for consideration of what environ-

19 mental considerations need be considere~d under provisions,

20 I believe, 40. 32 (e) of 10 CFR, plus it is the Staff's

21 position here that consideration of the environmental effects ;

22 would be somewhat premature.

23 In addition, the fact that the hearing was noticed
i

24 for radiological health and safety considerations may have
Aca. dad nep><eeri, in<. 1

25 been a factor that might have led certain interested parties
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i j who might have wished to intervene on the environmental side ;

to have deferred int'ervention.until a later date.2

!

l 3 CIIAIRMAN FARMAKIDES: What harm then would there
;

| -

4 be in allowing this additional information to come in? I

5 assume your proposed findings when you finally submit

6 them will be limited to radiological health and safety, as

:

j 7 would the Applicant's. i

i

i 8 MR. KINSEY: I certainly see no prejudicial error

i

9 in admitting this as part of the evidenco.
,

i
j 10 CIIAIRMAN FARMAKIDES: You are saying it is

j 11 irrelevant?
!

) 12 MR. KINSEYJ We believe it is irrelevant and

() 13 I premature to consider the environmental issues. -

14' CIIAIRMAN FARMAKIDES: Let's look at the joint '

} 15 statement of issues that you had agreed to.

1

i 16 Mr. Irvino, would that supplement to which the I

i

| 17 Staff objeds have reference to any of thoso eight issues?

1

| 18 MR. IRVINE: In a broad general sense.

19 CI! AIRMAN FARMAKIDES: To which ones, sir?

| 20 MR. IRVINE: I mean to the entire list of issues
!

; 21 in a broad general sense. Let me point out to the Board that |
:

22 what we have here, although denominated and a part of the

'

23 environmental report, this was put in because, as you can

24 see, it is supplement No. 3 to our original environmental
*

ks-fedsrot Reporters, Inc.

i 25 report and it has to do cinly with a discussion of alternativer ,
t

I
I

I.
'
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1 alternative solutions to the problem, and has nothing else

2 to do with the environmental report. Since -- simply because

3 at the juxtaposition of our filing this and filing the

O
4 testimony of Mr. Shelley, we thought that this would be

5 additional information that the Board might find useful

6 since this question had been one which had been raised at

7 an earlier time in the hearing.

8 CIIAIRMAN FARMAKIDES: I sco what you have just

9 said is borne out by the first full page, which is a

10 discussion of alternatives for the disposal of liquid

11 Raffinate wastes.

12 MR. IRVINE Yes, sir. I might say that Figure

() 13 i No. 1 that Mr. Kinscy has referred to is not a part of the

14 enviornmental report but I believe on the first page of

15 Mr. Shelley's testimony it is cited as a separate attachment

16 to his testimony and it is not a part of the environmental

17 report.

'

18 It s' tarts with the second full paragraph on page

19 1 and carries over, as you can see -- a typical analysis

20 of these liquids is shown on Figure 1 attached hereto.

21 Cl! AIRMAN FARMAKIDES: Is there anything also, sir?

(''T 22 MR. KINSEY: No, other than what I have said pro-c)
23 viously, to say again that we don't consider cost-bonefit

24 analysis relevant to the decision on the radiological health
AaFehral Reporters, Iri<

25 and safety aspects of the disposal.
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-

1 CHAIRMAN FARMAKIDES: Okay. The board' ruled that

2 we will accept the Supplemental 3, which is really a

3 discussion of alternatives for the disposal of liquid

() -

4 Raffinate waste.
.

5 Are there any other objections to that testimony,

6 Mr. Kinsey?

7 MR. KINSEY: No other objections.

8 Cl! AIRMAN FARMAKIDES: All right, 'it will be

9 introduced into evidence as Applicant's Exhibit 3-E.

;XXXXXXXX 10 (The document referred to was

II - marked Applicant's Exhibit No.

12 3-E for identification, and was-

(]):rui #13 13 received in evidence.)
I

14

15-

16

17

18

19

20

21

() 22

23

24
AceJedarol Reporters, int.
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cr2802 1 MR. IRVINE: Mr. Gruy, would you proceed with a
#14 dhl

2 summary of the testimony, please?

3 MR. GRUY: Well, starting with the table of contents

O 4 here, we start out with an introduction of the T simulation

5 of reservoir performance as it.has grown in the oil and gas

6 industry and also as applied to hydrological studies. Starting

7 out with a single cell model where the cumulative not withdrawl

8 of water is equal to the ridge water in place minus T amount of
i

9 water remaining.

10 If you have two halves that are different, then you

11; have to account for differences in production and the flow that

12 Itakes place between them so you go to two cells. Then if you,

|

() 13 j want to -- if you unnt a comp!cn cyctcm model as they exist,
!

14 i you have to go to three dimensions to have blocks both horizontc ily
i

!and vertically. The mathematical considerations are given and1$ j!
16 'the derivation of the mathematics and the construction of the

i

17 model -- the validity of the model and the best method of
!

18 obtaining a valid reservoir description as to determine the

19 model with properties that will agree with the measured data.

20 In other words, one in which you can match your known

21 history. In the study of the Kerr-McGeo Number 1 waste storage

() 22 well, careful aralysis was made to match two separate performanc e

23 considerations.

I
24 One, the calculated flow into and from the separate |Ao1Meroi Reporters, inc |

|

25| layers in agreement with that observed from the radioactive
!

l

|
.
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dh2 1 tracer surveys and the calculated well bore pressure fall off

2 curve, neither of which by themselves would have given a definit ive

3 thing, but having to match both of them, we feel that best.,

p|

'd 4 Then we discussed the aspects of transient pressure

5 testing, which is very commonly used in the oil fields for
|

6 determining the shape of reservoirs, the properties of the

7 reservoir rocks, and the size of the reservoirs. We have given

8 a case history of examples here.

9 We have performed literally hundreds of these tests,

10 a number of which, of course, we don't have any definite proof

11 that our conclusions were right, but there have been a number of

| 12, cases in which additional wells have been drilled and additional
|,

C) 13 things done that proved that we were right.

| 14 f In these hundreds of cases, I don't think there has

15 I been one where the obtaining of additional information, or the
| |

16 drilling of additional wells has proved that the solution was

17 wrong.

I 18 Now, the case history that we have given here is

|
19 one of a reservo$.r of gas that was bounded by a fault shown to

,

|

| 20 the north and a gas-water contact to the south. The question

21 was, what was the lateral extent of this reservoir in, I believo ,

l

22 the casterly direction, the westerly direction being closed off

| 23 with water coming around to the fault. |

!
| 24 From the test in a single well, we were able to
| ActfedarrJ Reporters, Inc. ,
'

25| confirm that the subsca or the horizontal distance to those

1
i,
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dh3 1 two partial boundaries, the fault to the north and gas-water

2 contact to the south, and also determine the volume of gas that

3 was in place within the reservoir. Then by calculating the

O
4 distance it would have to extend to the east in order to contain

5 this volume of gas, we got a limit to the east at which we

6 did not think that it extended beyond because of possible

7 variations in the water volume in the pores.

8 We drew two lines and said that the limit was some-

9 where between those two lines. Our client then declined to

10 drill the proposed well at the location to the cast, but they

11 were able to make a deal with another operator that hadn't made

12 such a study and the other operator drilled a dry hole at

() 13 that location, which hole did not have the sand.

b
14 4 It did not extend to that distance. It was turther

!

15 j confirmed by another operator, thinking of the high rewards

16 of tapping into that gas rescr/oir and not having this study
!

17' and not knowing where the extent of the sand ended, who drilled

18 ' a well between the two dashed lines and also found no sand
|

19' present or only a very small remnant, not enough to make a

20 well.

21 This is the case history that we have given. Like.I

22 say, we could give many, many others of the same general nature.(])
23 So this is something that we practice as a day to day part of ou r

24 business and something in which we have great confidence.
Ac31sdreal Reporters, int

25 DR. BABCOCK: I don't believe you stated, Mr. Gruy,
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! dh4 I when the case history example that you are now quoting -- was
,

2 this a case where you pumped water in to the well and measured

i 3 the fall-off in pressure.

()
4 MR. GRUY: No, this was a case in which we produced

5 gas out of the well, then shut it in and measured the buildup

6 of pressure.

7 DR. DABCOCK: In other words, it's approximately

8 the reverse.

9 MR. GRUY: Right.

10 Next, we have a discussion of the well testing and

11 ,modeling of the Kerr-McGee Number 1 Sequoyah well which is

12 detailed, showing the test data that we studied.
|

i

() 13 The included electr.ical well logc will, by the

!!
| 14 measurement of the natural electric potential generated in

15, the hole by interaction of the fresh water and the drilling

16 well and the salty water in the sand and the resistivities of

17 the various layers, enable a practiced geologist to identify

18 these lawyers and to tell something about the calculated

|

| 19 porosity and something about the content, the salient of the
,

| 20 water, and whether or not it's oil or gas-bearing, and |
|

<

| 21 approximately the naturations and this kind of thing.

[

22 Next, we have a caliper log, which is a log that is(])l

23 made by running a tool in the hole that measures the diameter

i 24 of the whole at all points so that we know all the variations
| Ac>r.4ft,oiRepo,,,,.inc.

25 in the whole size.p
\-

I

'

l
t
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dh5 1 In other words, you drill a whole with a bit out there ,

2 circulating mud and the hole isn't exactly the size of the bit.

3 Soft rock washes out a little more and makes a little bit larger

O
4 hole than other types of rock. Then we had d density log which

5 gives the density of the various rocks passed through.

6 Then we had a static pressure survey. We knew what

7 the initial pressure within this Arbuckle formation was before

8 we started our test. Then we made a water injection with a

9 radioactive pressure survey and a temperature survey. What was

10 done in this case is when injected with water into the formatior

11 at the same time, running a series of temperature surveys and

12 a series of radioactive surveys, the radioactive surveys to

O i3 q 1o=ete the rosition of e redioeceive eiuuauma a in the we11

14yhole.
d
I15 Now, if a tool is run in a hole and a measurement of
h

16 radioactive material is released in the well hole, and you

i

17 pump it in at a known rate of gallons per minute, you run
.

18 through that slug and you are accounting for all of it, and you

19 know where the top and bottom of it is.
i

20 As you pump it<down and keep running through it, you

21 can tell if you lose any of that slug. For instance, if you had

22 a h' ole in your casing, some of it would go out and you would

23 have a diminution in your radioactive measures.

24 So, when this slug, due to the running back and
Ac> red.,oi Repori.,i, inc.I

,

25! fo;th of the instrument through it, got dispersed and diffused
i
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I in the hole so as to not be well recognizable, then we came updh6

2 the hole a little bit from the 1atest measure and dumped a fresh
1

3 slug'. We started anew with cican water and tracked the next
I .

# slug down.

5 If you will look, there are attachments showing those

6 runs and hew definite the position of the slug was.

7 We then ran a shut-in test after pumping and running

8 We shut the well in and ran a 145-hour fall-offpressure up.

9 test with a pressure instrument in the ' tole . Then we did addi-

10 tional water injection with radioactive tracer, followed by a

II profiling during shut-in.

12 In other words, when you shut it in, if it has been

13] one homogenous layer, the water would have continued to move
h

Id ! out and the pressure would have continued to fall off and the
I

15 !water would have continued to go in the Tole with losser rates

16 as the pressure went off. '

I7 Dut what actually happened was that the water began

I0 to como out of the lower thickness shown and flow back up

I9 the hole and go out into the other zones. Now, this

20 occurred because the lower zone, although the thickest'and most

21 permeable, was the smallest in area extant, or volume.

O so, the gressure cou1dn t f,11 of,in th,t, sec,use22

23 it didn't have anywhere to go. We had pressured that up to a poir:t

24 lower than the pressure had bled off -- or higher than the
Ap Fedical Reporters, Inc

25' pressurc b1ed off in the upper zones as it continued to move out

.
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dh7 1 away from the well in the upper zones, then the water came from

2 the lower zone and went in to the upper zone.

3 The time and pressures at which this occurred gives

O
4 us a very close calculation of the bottom -- of the volume of

5 the bottom zone. The shape of this curve also gives the shape

6 of the bottom zone and the distance to the bottom.

7 Now, the determination of the thickness and

8 permeability in each one of these layers is done by the

9 percent of the injection that was taken into those layers as

10 determined from the radioactivity survey.
|

| 11 Now, we simplified the problem somewhat by dividing

12 it into five layers. Actually, if2you will refer to Exhibit

O i3 h number c~3 attached to thie teetimony, vee 111 ee br the;
t u

i 14 little dashed lines over here that zones 4 and 5 actually each

15 consist of three lawyers.
1 1

16 Hewever, there is a p61nt of diminishing returns
'

17 in the accuracy you get by continuing to break down into more

| 18 and more layers. It appeared to us from the data we had that

I 19 we could treat this group of three zones in 4 and 3 zones in

20 5 each as a single layer without pressurable loss of accuracy
| .

21 This whole thing is dependent upon material balance,

] 22 the compressibility of the water and rock, the amount of

| 23 pressure that goes up and the shape of the pressure fall-off I

| 24 curve, which is influenced by the shape of the rock.
ActFed:rtl Reporters, Inc. ;

25' You can readily see that if water starts going out

.
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! dh8 1 from a single point, in a circular manner at a certain volumo |
| i

2 and pressure that the pressure will fall off at some rato. i

l
! 3 If, close to the well hole, as this volume of

|O :
4 injected fluid -- if it. hits a barrier, then the whole volume of |

|
'

5 injected fluid has got to go to the other half of the circle.
,

6 So the rate and pressure difference, at which , it goes will

7 change at that point.

8 So we are able to see where these barriors occur by the

'

9 times at which these pressure changes occur.
t

10 Now, that is very simple in one boundary of homogenot: s,

I

j. 11,| isotropic situation. When you get in to more complicated situations, you
!

e
, t

| 12 find that it must be checked where you can vary the boundaries

O i3 ' ena enecx ene es=ce===e of the chec== tic =1 cu=ve a= c=1=u1===e
I

14 with the boundarios that you put'in to your model without ;

'

15 actually measuring it.

16 Then you can move these boundaries selectively and I

17 see -- as y'ou move it, you got a cortain standard deviation on
:

18 your track. Then you move it and you get a less -- a closer ~~

19 a less standard deviation. You move it again, and you got still
<

20 less deviation. You move it again to got closer and instead '

,

21 of getting less, it moves away.

22 So you know you have a minimum point. You then begir i
'

'

23 to play with other aspcots of the thing. We have played with

i

24 this thing. We varied the permeability away from the well water i.
'

A*Fedsrel Reporters, Inc. ,

25
'

Wo varied the porosities. The varation of those things all makt

i

i
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dh9 i a great deal of difference in the way you match your curve.

2 We have played this thing until we got what wo

3 thought was an acceptable match. We don't have an exactly
(| 4 perfect match, but we know the thing isn't exactly square down

|

5 there, either.
.

6 But we didn't think it worthwhile, or that it really

7 makes that much difference as to the exact shape of this thing

8 or the exact difference in boundaries. We know that we are in

9 a closed reservoir except for one side in two of the five

10 layers, which was still taking water and water was still moving

11 at a distance of some 29,000 foot.

12 We do know,,however, that there is a very definite

() 13 Ifault from the surface there at about 32,000 feet. So we think

y'that there is no question, based on this and the high water

15 . salinity and the various things that we are in a closed block,

16 and that we could detect from this, if these barriers that wo

j7 see were permeable -- because we went back in and made thoso

18 barriers permeable to various degrecs to sco if we could
|

19 make an appreciablo differenco in the shape of the curvo, and

20 it does.

|

21 Now, as far as monitoring the situation, wo fcol that

22 the best way to . monitor it is to carefully observe the pressurca

23 .of injection in this wc11, how the pressures build up as

24 injection prococds, and then shut it in periodically, run a
AceJWstol Reporten, lac.

,

i 25 ' sensitive instrument in the hole and measure the fall-off curve.
:
|

i

L
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1 If w don't at various certain times see that we aredh10

2 getting pressure buildup, volume for volume, as the material

3 balance should indicato -- when we hit the last boundary and

V
4 those other two things -- or if there should be a rupture in

5 one of those boundaries, we would immediately sco a change in

6 the shape of our pressure fall-off curves, and we could begin,

|

7 to search for the source of the leak.|
|

l 8 This would occur, in my opinion, before you could get

9 enough of a leak to do any damage. It has been suggested that

10 additional wells might profitably be drilled to help monitor

11 this situation.

I

12 i In my opinion, although every little bit of infor-
|

O iaa==tio=th=evouhaveh======.=ddieicna1va1uc th1= can beate

I h

14 be monitored at this well. If a well is drilled to test the

15 ! existence, for instanco, of the Wobber's Falls fault, it could

16 prove a little closer where the Webber's Falls fault is.
!i

17 But we are scoing a barrier at that distance,

18'i
|
and we can't tell from this test what the direction is. It

19' just happens that we can orient them so they fit the job. But
|

20 if the well showed no fault, it wouldn't deny the fact that

21 there is an end of permeable enforced continuity of the zone at

22 about that point, which is really what we are looking for.

I
23 j Now, we have interpreted those to be -- when we

! 24I satisfy all five layers having a boundary at 1164 foot, we
ko Fedsrol Reporters, ine.|

25 assumo that that in the same boundary and it's probably a fault .

;

*
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dhl1 1 If we have got'one of them, as we had in.two cases, with a

! 2 boundary that doesn't agree in distance with the boundary of an3

3 other layer, we assume that that is not a fault, that that is,

O
4 just a termination of the porosity and permeability in that zonc .

5 So that a well could be drilled over there to test

6 this thing and show no fault and still wouldn't prove that we
1

7 didn't have the barrier.

8 Now, as far as drilling a well to test when we have o
!
>

9 vertical leak into the shallow overlying zones, we know that
'

'
10 all the overlying zones are very tight, very hard, tight,

11 low permeability zones.

12 As I understand it, there are no aquifiers or no

() 13 !| drAnking water well in the arca c::ccpt eno very small volume
h

14 $ well producing from some fractured shale at shallow depth.
015 | Due to the tight nature of these zones, any flow of them would

j

i 1

16 | have to be through a crack or a fracture. '

17 Now, if the well you drill to monitor them didn't hit

18 this same crach,'you could have leakage without it showing in|
,

19 your monitoring well. So it seems like the chance of detecting
!

| 20 the leakage with the monitoring well is not good enough to
i

| 21 justify the expenditure for that well.
|

(]) 22 I think you would be pinning a falso hope on it. But

23 I sincerely believe that we can tell if that occurs from monitor ingi
,

t

24 the pressure fall-off history of thc injection well. I believe
Acehdaral Reporters, Inc. |;i

25 that about covers my prior testimony.

!
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|

dhl2 ) CIIAIRMAN FARMAKIDES: Thank you.

2 MR. IRVINE: Mr. Chairman, may I ask one question?

3 It's now a few minutes after 3:00. Dr. Sternhagen has a
.,

)
| 4 flight out of here at 5:00, and needs to leave. If there is no

5 further need for him, might he be excused at this time?

| 6 CHAIRMAN FARMAKIDES: Thank you, Dr. Sternhagen. We

014 7 have no further questions. You may be excused, sir.
|

1

9

10
i

11

12 .
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k

14j
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|

|
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15
l 2802 I CHAIRMAN FARMAKIDES: Mr. Shelley or Mr. van Poollen,

| 2 would you give us a short summary of what your statement is,

3 sir?;
' O

4 MR. VAN POOLLEN: My role in this venture is

| 5 somcwhat different in that I was actually asked to review
i
! 6 the work that had been donc rather than doing original work.

!
7 There was a certain amount of credence to be lent

8 to the tools that were used such as the modeling and

9 transient well testing. So in my testimony I give a very

10 brief review of the various techniques that have been used

II in the petroleum industry and in the groundwater industry
1

12 which eventually led-to the use of numerical reservoir models.

I3 Also I mako a statement that the transient wcil
; 4

Id i tests are commonly used. Those of you who have read it canj
1

15 see what kind of data is normally used for oil field
I

16 analysis and for groundwater hydrology you merely eliminate
t >

| 17 all the hydrocarbons and you still have a similar set of

18 data required.

19 Then I give a discussion of the theory, which I
|

20 don't intend to go through here at all. I show both for the
1

21 linear systems and for the radial flow systemn. Then I make

O 22 et teme=e = *ae ='ete or the re watew t= e="e" e ""v 'a 1

23 all major oil companies use this type of numerical reservoir

24 models.|
! Ace 4sderal Reporters, Inc. ;

25 I emphasize the fact that the United States

I

!
.

g
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|

1 Geological Survey recently purchased a complete set of these

2 models to make the groundwater studies. Then I show that I
,

3 have used this kind of tool for various clients and I refer
'

, O
1 G

d to one particular report which is -- and I ask for

5 permission to have this presented in here -- and I show a

6 page which is the result of a study we did for the Atomic

7 Energy Commission entitled Projected Reservoir Performance,

8j Rio Blanco Project, March 1973, available as an open file

9 report.

10 I indicate the techniques used.

II That report is similar to the ones used by Gruy.

12 Then I evaluated the Sequoyah well. I looked at

13 Lhe various bitu of infonaat. ion that Mr. Gruy already out-

Id lined. I came to a conclusion that I could substantially

15 agree with what Mr. Gruy has shown there.
1

16 I wish to apologize at this moment for the typo-

17; graphical error on page 11 in the bottom one-third of the

18 middle paragraph. It says there " Assuming a pore space of

19 060,000 barrels." That should read 860,000,000 barrels.

20 So I ascumed the number that was found in
'

21 the model and I applied to this a total rock plus water

O " co=vreaetbitter or 6 8 et e= to-6 vai to the = tau" t aa '
I

23 would calculate at 3.4 psi pressure increase after the
1

l
| 24 injection of all this water during the test, which compared

Aes Fs<brol Reporters. Inc.

25' with the 5.5 psi that was actually found between the

L
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b,jon3
!

-,

I pre-injection static survey and the extrapolated fall-off

2 curve.
}

However, I am an edgineer enough to realize this3 i

O '

4 could elso beya measurement error. Still, it is there.

5 Then, in reviewing Mr. Gruy's report in detail I
,

6 concur with his method of a'ttack; that is, to use the finite

7 difference models, and to match the production.
,

8 I feel that the.intsliigence of both the
'

9 pressure and the flow rates from one length to the other

10 should'g_ive a quite high degree of reliability.

II\. I independently evaluated the fall-off curve

12 and definitely see the existing ceiling barrings.

13 I realize it is quite conceivable that not ull

M boundaries were'found and I indicate so.
i i <

>

, 15 I recommend that the finiteecharacter of the

16 formation be~ determined more precisely during the early,

>

(
17 injectioniof' waste fluids, which I discussed in my section on

,A

I monitoring., , ,

I9 Under monitoring I make similar statements and

20 I don't need to' repeat them to Mr. Gruy; I did this all

21 independently. I really don't feel concerned'whether the

O finite character of the reservoir is due to faults _ or22

- 1
,

.,

23*

permeability pitch-outs as long as it is finite. I think we
,>1 i,

, ' / 24, can prove this with'well testing.,.
'ActFedsrol Reoorters, Inc.

The statements or$ the other two wells, trying to25
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1 show that there is leakage to the ' seams and horizon,

2 I don't consider that very practical for the same identical
.

'

3 reasons that Mr. Gruy quoted, to have an additional
f_
(_/'

4 observation within the arbuckle which to me does not seem

5 to render more information thatn you can get with the one

6 'well.

7 This in essense concludes my summary.

8 Cl! AIRMAN FARMAKIDES: Mr. Shelley, would you
u

9 summarize your statement, sir?

10 MR. SHELLEY: My statement essentially describes

11 the approach of the nuclear division of Kerr-McGee to the

12 problem of operating-this well, specifically the monitoring

(/
13 ||

portion of the operation, ir, the cvont that it were approved:

| 14
'

for disposal of raffinate fluids.

15 As a result of discussions with Mr. Gruy and

16 Dr. van Poollen we have proposed a series of neutralized

17 raffinate injections to provide additional reservoir

18 information prior to the injection of raw raffinate which

19 will have the effect of partially dissolving the

20 dolomite formation, thereby changing the structure that

21 Mr. Gruy sees in his model.

(} 22 We feel it pertinent to confirm initially the;

I 23 model through the series of five sequences of injection,.

24 then operate.the well with acid fluid for a sufficient period
Ace Federal Reporters, Inc. ,

25| to change the reservoir rocks and ask Mr. Gruy then to

I.

l
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I remodel the reservoir, thereby incorporating the progressive

2 effect of dissolution of the reservoir rocks.

3 In addition, we would continue and enlarge upon

O 4 a current surface and shallow subsurface monitoring which'

5 we are currently doing and have done since the start of

6 production at the plant.

7 I have included Figure 1 which was used as a;

8 reference by Dr. Sternhagen and also the discussion of

9 alternate methods of raffinato disposal prepared at the

10 request of the Licensing Branch.

II As a final evaluation, we have included a cost

12 estimate to install the three wells suggested.for monitoring.

O i3 ' M=1n1y f== i=f ==== tic = gu=pc= e= .

14 It would certainly be used by Kerr-McGree manage-.

15 ment in undertaking the direction upon the completion of;

16 this hearing.

17 I believe that covers it, Mr. Chairman.

'

18 CHATEGRN FARMAKIDES: Thank you, sir.

19 The Staff?
4

20 MR. KINSEY: Mr. Chairman, with the Eaard's

21 permission and with no objection from counsel for Kerr-McGee,

[]} 22 we again would like to use Dr. Warner to cross-examine the

23 witnesses.

24 In addition, Mr. Robertson, whose statements of
,

| Ace Federal Reporters. Inc. _

25 qualifications are on the record, also has some questions

|
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'

I for Mr. Gruy and Dr. van Poollen.

2 I, as Staff counsel, have a few questions for

3 Mr. Shelley.,

) -

4 MR. IRVINE : I have no objection, your Honor.

5 CHAIRMAN FARMAKIDES: The Board has no objection.1

6 You may proceed, sir.

,XXXXX 7 CROSS-EXAMINATION

8 DR. WARNER: Just to reiterate some of tl:o points

9 you have made, in the report a number of boundaries to fluid

| 10 flow are shown and described. What type of geological feature

11 could produce these boundaries?*

12 MR. S!!ELLEY : Either faults or permeability

() 13 I barrierc.
1

14 DR. WARNER: What more specifically would a

15 permeability barrier be?
;

16 MR. SIIELLEY : Permeability would be the loss of

'

17 fluid transmissibility in the rock due to a loss of

18 porosity or a filling of the pores with secondly deposition

19 or shale or lack of dolomitization at that point.|

|
20 DR. WARNER: Would this be a limit to the

21 continuity of the porous material?

[}
22 MR. SIIELLEY: Yes.,

23 DR. WARNER: Would you expect this.to be a sharp ]
!

24 demarcation? |

Ace FWrol Reporters. Inc. )
25 MR. SilELLEY : I would in the case of a fault and in |

, i

E
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I the case of a permeability barrier it might or might not be.

2 DR. WARNER: Wouldn't you think that in the case
,

3 of a permeability barrier it would more likely be a transitior al

O
d zone that would gradually go from a porous zone to one which

5 was not?

6 MR. SHELLEY: Yes.
!

l 7 DR. WARNER: Don't you think it is significant ;

8 in this particular case to differentiate between the two

9 types of boundaries where we can because of the nature of

10
f the project proposed?

II MR. S!!ELLEY : Well, we considered it to be a fault.

I2 When all five of them terminated at the same distance, we

I3 assumed the:L Lhey were probably the same b&rrier. 30 we

M: have some faults and then we have some of the zones
1

15 that are terminating before they get far enough to get to all

j 16 the faults. So it is unquestionable here that we have some
i

I7 permeability barrier.4

I IO DR. WARNER: Well, specifically, though, the

I9 question I asked was don't you think it is important where
i

20
; possible to differentiate between the two?
}

2I MR. SHELLEY: If there were a long transition zone"

.O 22 waere enere wee is=itice=e voiume or reaucca enicx=ee-
.

j 23 and permeability, we could see it in the model and we have

24
: introduced these things as a method of checking this and we <

! Ace-Fedtrol Reporters, Inc.

25 don't find that we can match it by doing this.

.

|
.
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1 DR. WARNER: My point is that faults could more

2 likely act as a leak whereas your permeability barrier --

3 your barrier caused by permeability loss doesn't provide

O 4 the potential for vertical leakage, is the point I am trying
.

5 to make.

6 MR. SHELLEY: This is possibly so. But we did not

7 see any leakage in this test and we would have to build the

8 pressure up to see what we see in oil fields and water

9 injection projects in oil fields, a very substantial pressure
g

10 buildup in the reservoir, without rupturing faults.

11 We can' t say the fault wouldn't rupture at

12 some elevated pressure, but I cannot from a model standpoint

() 13 ] differentiato batween a sharp barrier, an abrupt pinch-out,
f
'

14 and a fault.

15 DR. WARNER: The reason I asked the question,

16 in Dr. van Poollen's testim'ony he commented and I think it

17 may have been just more from an engineering point of view

18 than in the context of this particular case that the differenc e
~

19 is academic and I was simply trying to point out that it is

20 not academic, at least in my point of view, and I was simply

21 asking if you believed that if the difference between the

22 two is important simply because of the nature of the

23 project we are discussing here.

i
24 MR. IRVINE: Mr. Chairman, may I suggest that we !

Ace Fedsrel Reporters, Inc.

25 limit the questioning to cross-examination rather than

|
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1 comments in this manner? I

2 CHAIRMAN FARMAKIDES: That's right.

3 DR. WARNER: I think I asked a very straight-

O 4 forward question and I haven't gotten an answer to it. '

<

'

5 CHAIRMAN FARMAKIDES: If you have a problem

6 getting an answer, ask me, but don't testify on the record.

7 DR. WARNER: I am sorry. I am not experienced.

8 Well, I will reiterate the question again, then.

9 How does the panel feel, or is it important to

'
10 differentiate between the two types of permeability boundaries ,

,

i 11 particularly because of the type of problem they are consider- i

i

12 ing in this case? .

() 13 MR. GRUY: I think it wotOd be nice if you kncV

14 the difference, but I don't think it is critical.

15 MR. VAN POOLLEN: I agree with that statement.,

>

16 MR. GRUY: When you know it is a fault, you know

17 where to look for a leak if you get one, where the fault

18 comes to the surface.
'

19 DR. WARNER: If you don't distinguish between

20 faults and other types of permeability barriers, then you do
t

21 not know where to look; is that correct?
t

1

22 MR. GRUY: Well, you would know about the

| 23 distance to look, but you would not have a particular trace
i

24 on the ground to look at.
AceJederel Reporters. Inc.

25 MR. VAN POOLLEN: So the thing to do is to look

,
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I and assume there are faults.,

!

| 2 DR WARNER: Then let's look at Figure 1 in your

3; Gruy Report, the original report. Then would you consider it
(

'

4 would be necessary to look for the possibility of leakage
4

5 in the case of all these boundaries that are shown to bound
;

6 the five layers that you have distinguished here in this

', 7 case?
,

f

8 MR. GRUY: If I thought I had a leak I would

9 certainly look at the trace of the surrounding fault, but !

10 I would also look over the entire surface of my area into "

11 which I thought my fluids were having an effect.
:ndl5 12 DR. WARNER: Is it possible from a testing, #16. j

.
() 13 program alone to determine w. hat the shape or the orientation,

Id' that is, the direction of these boundaries is?

15 MR. GRUY: It is not possible to tell the

16 direction. 1

17 DR. WARNER: It is possible to tell the shape?

18 MR. GRUY: Yes.

19 DR. WARNER: Could you tell on a regular curved.

|
20 linear boundary -- from a linear boundary at a distance of

1

I 21 13,000 feet from the well?
:

() 22 MR. GRUY: It would depend upon the degree of

23 testing and the degree of difference.

24 Now, we have been able to tell parallel boundaries )Ace.FWarel Reporters. Inc.
i

25 and, of course, we couldn't tell if those lines were exactly

:

'
*

i
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i

i I straight or wavered a littic bit, and we can tell inter-

2 cepting boundaries and we can tell the angle between that,

3 intersection and we can tell the angle between a line from

O
4 the well to the intersection.

5 DR. WARNER: With alsingle well?

6 MR. GRUY: From these tests. But we cannot tell

7 the direction. Some slight irregularities in those boundaries1

8 we couldn't tell.

9 Now, it would depend upon -- one of the things I

10 wanted to do here was to check the exact geological

II conformation which was a little bit irregular and to see

12 what effect it would have, a very minor effect upon the,

() 13 I prcccurc. But this was done before we knew what the..

14 geological conformation would be and we didn't think.it was -

15 worthwhile or important to try to make minor changes in
16 whether these were 90 degree angles or 80 degree angles.

17 It would effect the curve.

18 DR.* WARNER: In your calculations of the distance
'

1

19 of flow of the fluids -- there are two separate issues here
.

20 and I would like to differentiate between them. I am not

21 trying to interject a statement. I would simply like for,

.

() 22 the Board's -- for the purpose of --
.

; 23 CHAIRMAN FARMAKIDES: Why don't you confer with

24 your counsel?
; Ace fedarol Reporters, Inc.

] 25 DR. WARNER: For the assistance of the Board I
!

t

J
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1 would simply like to state that there are two separate

2 htings to discuss in the reservoir engineering area, onc

! 3 being the pressure buildup which we have been discussing

O '

4 and the other thing being the distance of flow of the,

i
'

5 injected fluid. They are separate issues.

6 I would now be changing my questions to the
7

7 distance and direction of flow to the fluid as opposed to

8 the questions with regard to the pressure characteristics

a

: 9 which I was asking just a moment ago.

10 With regard to the distance and direction of
;

11 flow, were these calculations made on the basis that the,

; 12 porosity was uniform, the reservoir thickness uniform, and

O '3 ! ehae the interface was e eh==v dou=da=r2
i !

I4 MR. SHELLEY: As for each layer, these assumptionsj

15 were made with variations between the layers. I want to say
'

i

16 that we also tested the effect of varying this. If it is

! 17 uniform and you have radial flow out from the well, you have

'

18 got one kind of pressure fall-off. It there is a sharp changc
i
'

19 and it is more permeable in one direction than the other,

20 you tend to have linear flow and you have a different chape. r

1 21 We have checked this and all the indications we have

22 is that flow is substantially radial in all directions from.

23 the well.

) 24 DR. WARNER: Well, even though flow may be
* Ace Fedtrol Reporters, Inc.

25 substantially radial, as yoti say -- and I am act necessarilyj
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,

I agreeing with you -- still in your calculations assume that

2 the reservoirs in each case had a uniform thickness and that

3 the boundary at the interface between the waste water and

O
4 the formation water was a sharp one -- you assumed these

5 things; is that correct?

6 MR. SHELLEY: Yes, in order to show in the other

7 figures here the extent of the thing, that is assuming that the.

8
'

average boundary is sharp. There may be a little diffusion in
_

9 that base.

10 DR. WARNER: You say there will be a little

II diffusion. Did you test the effects of introducing the

12 concept of hydrodynamic dispersion into the distance that

( I3 " '
the waste water would travel?

I '' MR. SHELLEY: No.

15 DR. WARNER: What would the effect of considering

16 hydrodynamic dispersion be?
1

17 MR. SHELLEY: We think we are in a stagnant

18 block where there is no hydrodynamic --
|

l9 DR. WARNER: You are creating one by injecting

20 waste water. Are you not creating a hydrodynamic gradient,

21 when you inject waste water?
I

() 22 MR. SHELLEY: Oh, yes.

23 DR. WARNER: Then is there not, may I ask, then --

24 there is the. potential for hydrodynamic dispersion and the
Acs-Fedical Reporters, Inc.2

! 25 answer is -- and you did not consider it in your analysis; is

1 :

1

I .
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I that correct?

2 MR. SHELLEY: We did not consider it, that's right.

3 You mean the effect of dispersion due to the physical movement'

O
d

of the enlargement of the injected bubble?

5 DR. WARNER: Could any one of the panel use the

1 6
bulletin board to indicate what in fact hydrodynamic

7 dispersion is and what effect it would have on the calculations

8
of the distance of travel of waste water?

9
,

CIIAIRMAN FARMAKIDES : Do you need to do that or

10
could we articulate it?

11
I would prefer it to be articulated. The record

a

12 would be much more crear. Unless you can't articulate it.

I3 Then you can use tne board. But I would preter it be

articulated.

15'
i DR. WARNER: I have asked if in some way you

16 would explain what the effect of hydrodynamic dispersion is
I7

j and what offect it would have on your calculations,

f
18 MR. RODGERS: In regard to the effect of the

asymmetrical pressure distribution on the subsequent
0 directional fluid movement.

21
I think what you are asking is really a --

:

|O 22 c,,,1smsm ,xpmsxxo,S, ,,,1, y,, ,pe,x p, 1 ,,,,,

' 23 hear you.
f

I 2 MR. RODGERS: I think what Dr. Warner is acking in
ActFederal Reporters. Inc.

25
|l the problem is actually germane to asking him to do the

j
)
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4

. I calculations for this specific problem.

2 I don't think you can speak in generalities in

3 regard to this calculation because we are dealing with a
- () -
4 4 very complex system. We are dealing with an asymmetric

.

1

4
5 well location with respect to the boundaries and I think this

i

] 6 is going to impose a very isometrical pressure distribution

; 7 which correspondingly-will affect the calculations.
.

8 CHAIRMAN FARMAKIDES : Could some of the panel give
t

9 that answer?

10 MR. VAN POOLLEN: The concentrated ingredients --

Il you will not have sharp fronts, but dilution behind the

12 fronts after it disperses, and ahead of the front.
'

;

! ()
13 |1|

Consequently you will have a degree of further peneLration.

! 14 " CHAIRNAN FARMAKIDES: Would you repeat that back? ,

'
i

j 15 Could you define it again? You were going a littic
'

16 fast and I am not quite sure we were able to catch it.
i
j 17 MR. VAN POOLLEN: If we don't assume any hydro-
!

18 dynamic diffusion we will have a sharp front move through
19; the reservoir. However, if concentration gradients are

20 set up between the different salinities of the displacing
i
j 21 and the displaced fluids, you will have an ion concentration
i.

.(]} 22 growing away from a sharp front in both directions.
,

23 consequently the displacing ion will be further

| 24 into the formation than if you had just a sharp front.
1 Ace FWwol Reporters, Inc.

,

25 CIIAIRMAN FARMAKIdES: The displacing ion would do.

.

.
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I what, sir?

2 MR. VAN POOLLEN: Would occur ahead of where you

3 assumed a sharp front.
O,

4 DR. WARNER: If I could rephrase what you are

5 saying, Dr. Van Poollen, the waste water would be further

6 than you would calculate it would be if you assumed a sharp

7 front?

8 MR. VAN POOLLEN: By a degree, yes , sir.

9 DR. BABCOCK: Can I interrupt one second? You

10 say it would be further and now you say it will be by a

Il degree. Can you give me some kind of a rough estimate of

12 what kind of distances we are talking about?

O ia J - POOttzN..I c.,e.et s1,. thee 1>.cee.e 1-

|}
I4 didn't make that calculation.

15- DR. BABCOCK: The total distance of flow in here,

I16 in the Gruy Report, is about 800 feet. Would it be 9 feet,

17 or would it be 7800 feet?

18 MR. VAN POOLLEN: I will give it 10 percent.

19 DR. BABCOCK: Ninety feet?

20 MR. VAN POOLLEN: That is an engineering guess.

21 DR. BABCOCK: That is fine.

O 22 DR. WARNER: Are you familiar with studies of this
v

23 type which have been done in place in the course of
l

24 conducting underground water storage experiments in Israel, |
AceFed;rol Reporters. Inc. I

25
'

the determinations of the actual distances of water travel in

.
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'

1 advance of the predicted fronts as a result of hydrodynamic

| 2 dispersion?
;

3 MR. VAN POOLLEN: I am familiar that work has been

()
' 4 done, but I am.not familiar with the numbers.

i 5 DR. WARNER: And it is generally true that in
;

6 limestone and aquifers in which you have porosity developed

; 7 by dolomization and solution features that hydrodynamics --

8 that dispersion tends to be greater than it is in, for i

9 example, sandstone aquifers?
i

10 In other words, limestone aquifers with solution,

!

1 11 porosity prcvide for the maximum amount of dispersion in

f 12 comparison with other types of formations?

() 131 M. VAN POOLLEN: Now we are talking about

t
| 14| dispersion?
\ I

15' DR. WARNER: Hydrodynamic dispersion.
~

16 MR. VAN POOLLEN:' The other that we discussed
i 1
''

17 was really more diffusion?
4

| 18 DR. WARNER: I am talking about the mechanical

1

19 effect.

I
20 MR. VAN POOLLEN: You are now talking about

21 permeaiblity variations and porosity variations?

22 DR. WARNER: Exactly.
(}

23 MR. VAN POOLLEN: You certainly will have an
i

24 additional effect of the front moving faster with a greater
*i ActFedreal Reporters, Inc.

i 25 degree of permeability variation.
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i

I DR. WARNER: You estimated 10 percent and I under- |

2 stand now that in this case you meant chemical diffusion

3 rather than the hydrodynamic or mechanical dispersion.
O 4

-

MR. VAN POOLLEN: No, sir, I meant by that the

5 number if you moved through a homogeneous medium and you

6 still will have also not- just the diffusion, but you will

7 also have the hydrodynamic dispersion .

8 We are now introducing the additional effect of

9 permeability variation.

10 DR. WARNER: I would lump them all into the same

II effect, but in this case would you not say, then, that your
12 estimate of 10 percent would be possibly -- could be very

O '3 r 1ow if we introdec- th1e v <1eeien in vermeab111tv ena
|

Id I porosity which naturally occurs in this -- or commonly occurs
15 in this type of rock vein?

16
MR. VAN POOLLEN: I did not study it and, therefore ,

17 I cannot say, rehlly. I really cannot.

18 MR. GRUY: That might be the case if we had not

I9
broken it down into these layers, but I think that in

20 breaking it into the layers we got into the layers are
21 more homogeneous in themselves than the overall thing is,
22 so that we have taken one element of permeability variation
23 out of it.

'ndl6 24
Ace-Federal Reporters, Inc.

25
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1 CIIAIRMAN FARMAKIDES: For the Board, just to be

2 sure, I am the poor lawyer here and I don't know exactly what

3 you people are saying. I am trying to follow you but you are

'4 throwing out words like permeability variation, diffusion, dis-

5 persion, permeability. I have done my homework and I thought-

6 I followed you but would you come back and give me the relation-

7 ship L7 tween these three terms?

8 MR. VIsN POLLEN: Diffusion will take place in two

9 stagnant fluids. The ions will go from one fluid to the other.

10 The dispersion would happen when this interface is moving

11 through the reservoir and you get a growth because some parts

12 will stay behind and s'ome parts will get ahead of~the others
n
U 13 through the microscopic spaces.

I

14 Then we have the permeability variation which you

15 could view as having layers within the layer Mr. Gruy is

16 describing which have high degrees of permeability variation,

17 different permeabilities in each of the layers. And conse-
'

18 quently the waste fluid will travel fastest in that streak which

19 has the highest permeability.

20 CIIAIRMAN FARMAKIDES: What is the significance of

21 that?

) 22 MR. VAN POOLLEN: That it would get ahead of the

23 sharp front which is assumed.

24 Ci! AIRMAN FARMAKIDES: So?
Ac>Fedaal Reporters, Inc.

25 MR. GRUY: What he is getting at is that the circles
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' I where I show the location of the injected fluid might actually be

2 a little bit larger due to mixing at the front.

3 CHAIRMAN FARMAKIDES: Of the three points then.

4 Would diffusion and dispersion be interrelated so that in fact

5 you would have both diffusion and dispersion occurring at the

6 same time.

7 MR. VAN POOLLEN: That is true.

8 CIIAIRMAN FARMAKIDES: Does that meet with your defi-
|
'

9 nition, Dr. Warner.

10 DR. WARNER: Yes, sir, that is what I would define

11 as hydrodynamic. It is commonly lumped into one constant. The

I2 statement that I would"ask, then, is if -- I am not sure how

I3)tophrasethisbutintheabsenceofhavingthecalculations,
!

14 isn't it difficult to say that this will have a small effect?

15 In fact, isn't it possible that it might have a very substantia]

16 offect? Are you not in a position to say whether it will be

17 small or large?

18 MR. GRUY: I think it would be small in this case.

19 Now, ordinarily wo deal with this thing or I do -- with

20 immiscible fluids, in other words, water displacing all of
,

l

21 them, where you have an adverse mobility ratio. Here we are

O 22 ea1xing about miscib1e f1 mids, whe,e you h,,e misc 1b111ty. So th,t

23 you would have good displacement so you wouldn't have viscous

24 fingering. because you have mobility ratio. You don't have
Aes Federal Reporters, Inc.

25 an adverse mobility ratio like you do with water displaced in

. ._
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I heavy oil.

2 DR. WARNER: If in addition to these effects that

33 we have been talking about now there were linear zones of high
(G

4 permeability that might be caused by solution phenomena, that

5 might be caused by fracturing that occurred, at any time in the

6 history of these rock units, might these types of features not

7 provide for relatively directed linear flow to gain a much

8 further distance than you would calculate in your assumption

9 of a sharp front?

10 MR. GRUY: Yes, but we can tell the difference

II between radial flow and linear flow so we would know it if we

12 have fractures. Day t'o day we analyze these build-up curves
I3 in the case of oil and gas wells to see whether we have frac-

I4 tures, the length of the fractures and the extent of the frac-

15 tures. We can ascribe a certain percent of the permeability

|tothefracturesystemandacertainpercenttothematrix.16

I7 So there is a different flow regime that takes place there and

18 it is noticeable in your pressure behavior.

I9 DR. WARNER: I would like to direct these questions

20
specifically to Dr. van Poollen since they are with regard to

21 his testimony.

(d" 22 CIIAIRMAN FAIU1AKIDES: Yes, sir.

23 DR. WARNER: Or page 11 of your report you discuss

24
a calculated result of 3.4 psi as compared with a major value

AoFed;rd Reportert Inc.

25 of 5.5 psi and I understand quite well how you made this
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1 calculation and it is quite a logical thing to do. I appre-

2 ciated your comment with regard to the engineering accuracy

3 of the -- in this situation. Based on that I would like tos

4 ask you your opinion of the Gruy analysis of possible reservoir

5 leakage which occurs on page 12 of their statement in which

6 differences between Icaky and non-leaky situation were in the

7 order of magnitude of point 4 to point 6 psi and ask you what

8 you feel the meaning of those kinds of numbers is in the con-

9 text of your comment about the potential engineering accuracy

10 of the measurements.

11 MR. VAN POOLLEN: I understand your questions and I

12 have raised that question but I also understand that their

13 statement is in addition based on the fact that in the larger

14 region of time cancellation is available.
I

15 This quits at 150 hours but I have carried this out

16 for a much longer time. I would like to, although you directed

17 the question to me on that -- I would like to ask Mr. Rogers

'

18' to explain more what additional pressure differences they did

19 calculate.

20 MR. ROGERS: Dr. van Poollen, to the best of my

21 knowledge the last point is shown on figure 14 of the previous

) 22- Kerr-McGree submittal, exhibit A. The last point is shown in
s,

23 there --

24 MR. IRVINE: I am sorry but you are going to have to
Ats Fedtrol Reporters, Inc.

25 talk louder.

|

|
|
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1 MR. RODGERS : The last point that is shown on this

2 reference figure at 145 hours is to the best of my knowledge

; 3 the last subsurface measured pressure point during the pressure
.

. 4 point during the pressure fall-off tests conducted during
i

5 July 1972 -- excuse me, 1971.
.

6 DR. WARNER: I guess the question I am really asking. |

j 7 John -- again I would like to refer it to Dr. van Poollen -- if
i

8 you need to you may provide the information to him. My under-

9 standing is that in making this analysis of the potential for

10 leakage the difference between a leaky and a non-leaky situatior |

'
1 11 involves actually measurements that you made and these measure-

12 ments were the differences between these two situations -- it;

13 would have only been less than a pound per square inch.

14 DR. VAN POOLLEN: However, the reason I don't object L

I
15 to that near as much is the fact that you can make a material

'

16 balance calculation from your extrapolated pressure fall-off

j 17 data and you should be able to get your numbers quite accurate-

18 ly. This is what is in my proposal of the monitoring scheme,.

,

19 that you inject for a certain period of time, obtain your ,

,

20 fall-off data, that you then inject again for a certain period

21 of time, again get your fall-off data. If you then see that

() 22 your calculated power space is growing there must be a leak.

I 23 DR. WARNER: I think that you have answered my

24 question. Really I was questioning the accuracy of the measure-; i

he-Fedsrol Reporters, Inc. .

25 monts and the statements they have made to date and I believe

|
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1 you are saying that it would require additional testing, in

2 fact, to verify this conclusion because the differences at this

3 point are really too small to be dependable.

4 DR. VAN POOLLEN: Two things I would like to answer

5 here. First of all, I concur with your statement that there

6 should be more -- I mean, I presume that was a question.

7 DR. WARNER: Yes, it was a question at this time.

8 DR. VAN POOLLEN: At page 13 I state that it is -

9 recommended that the finite character of the information be

10 determined more precisely during early injection of base fluids.

11 See my section on that. So I definitely agree. Then I would

12 like to point out that we should not mix up the words "sensi-

13 Livity" and " position." But from an engineering point of view
:!

14| I agree that we should see some points of difference and I

15 |'think that my suggestion in here during the monitoring would

16 sufficiently satisfy that need.

17 DR. WARNER: I would like to ask just one more

18 question.

19 CIIAIRMAN FARMAKIDES: We are going to be exploring

20 this very same area ourselves. This is an important area so

21 what I am going to do is allow further cross and further

() 22 redirect. Go ahead, please.

23 DR. WARNER: I have one more question and that is

24 with regard to the monitoring, your feeling about monitoring
Ac> Federal Reporters, Inc.

25 in the Simpson formation. This morning I asked -- I will have

|

|
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1 to make this as a statement, I guess. I asked Dr. Chenoweth

2 what the next porous and permeable formation was above

37, the Arbuckle formation and his reply was the Simpson formation.

O
4 Is that all right for me to recall that? He stated this and

5 I was simply applying it as a basis for asking this question.

6 CHAIRMAN FARMAKIDES: All right.

7 MR. IRVINE: Now --

8 CHAIRMAN FARMAKIDES: Look, here is the problem. I

9 very much want you to elucidate the record but I don' t want you

10 to do it at the expense of damaging this party. They have

11 rights and so have you. You certainly have an opportunity of

12 asking questions to clarify. If it is a question of -- if it

() f
13 is a problem here that you think is complicated and requires

14 background or requires a foundation, then proceed. If you have

15 a question as to how to do it, ask Mr. Kinsey.

16 DR. WARNER: All right. I believe I already have

17 repeated the statement that was made this morning. Is that

18 all right? The'Simpson formation is the first porous

19 and permeable layer above the Arbuckle formation?

20 MR. IRVINE: To which I think we should object on

21 the basis that his testimony was that there was some 60 feet

() 22 of the Simpson formation that was porous and permeability

23 and not the entire formation.
j

|
24 CHAIRMAN FARMAKIDES: Whatever the record is, let

ActFedwal Reporters, Inc. ,

25 the record speak for itself in terms of what he said. Now
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I proceed from that.

2 DR. WARNER: I would like to ask Dr. Van Poollen

3 if in addition to the monitoring of the well itself, the injec-

4 tion well itself, if there were certain vertical leakage, in

5 fact if this is a continuous permeability zone, porous and

6 permeable, even though it may have lower porosity and perme-

7 ability, and if we put a monitoring well in to that, if there

8 were vertical leakage, if it wouldn't be detectable at an

9 early time by increased pressured in the Simpson zone?

10 Wouldn't this also be an additional monitoring procedure to

Il detect the possibility of vertical leakage?

12 MR. VAN POOLLEN: It would be inconclusive. It

13 would only be conclusive if you had a pressure increase in that

14 formation, which I very much doubt that it could ever occur-

15 under the situation of having a rather large section of imper-

16 meable' formation and then the Simpson itself being fairly low

!17 permeability also'..

18 on the other hand, if the permeability in the Simp-

19 son were high you would never see anything. So consequently,

20 I don't expect that you would every find any measurement and

2I therefore I consider this a waste of effort.

22 DR. WARNER: Let me ask you that question again with

23 a little more detail. The closest fault or closest projected

24 fault to the Kerr-McGee well is the one that is about 1100
Aes FedIrol Reporters, Inc.

.

25 feet to the northeast of the Kerr-McGee well. This possibly
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1 the nearest plane which might provide for vertical escape of

2 the injected fluid or of the formation fluid-in advance of the

3 injected waste fluid.

4 The projected or proposed location of the Simpson

5 monitor well was midway between the injection well and this

6 fault, which is only a distance of 600 feet from the fault.

7 Don't you think it is very likely that if there were any

8 vertical fluid movement upward along that fault that it would

9 be very possibly detectable in a Simpson -- in a well com-

10 pleted in the Simpson for the purpose of monitoring under those

11 circumstances.

12 DR. VAN POOLLEN: I don't think you could measure.

() E

IJ| MR. KINSEY: Mr. Chairman, Mr. Robertson has a tow

14 questions.

15 CIIAIRMAN FARMAKIDES: Let's take a' ten-minute

16 recess.

17 (Recess.)

18

19

20

21

( 22

23

24 -

ActFedrral Reporters, Inc.
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.
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! CHAIRMAN FARMAKIDES: All right, we will proceed.
1

2 Mr. Robertson, I think you were going to ask some
i

. 3 questions.

4 MR. ROBERTSON: Yes.
i

5 I would like to expand a question on one point !
,

j 6 regarding detection of leakage into the overlying Simpson.

7 Suppose 20 gallons a minute were leaking within 600 feet of
< i

8 a well. Would this be detectable?

9 DR. BABCOCK: Would you please say leaking from
.

10 where to where?

|
i 11 MR. ROBERTSON: Leaking from the Arbuckle up into

12 the Simpson within 600 feet of an observation level. |

13 "R. CnUY: I think it .iculd be dctcotable in the
r
!

| 14 injection well but I am not sure it would be detectable in
t

!
15 an observation well. If I may have a piece of chalk, I

!
I 16 can demonstrate that on the blackboard.
!

| 17 We have got the Arbuckle here.
.

-

!

*

! 18 CHAIRMAN FARMAKIDES: Do you intend this to be
i

! 19 in the record, sir? You will have to put it on a piece of

i
i 20 paper too so someone else could be --
!

21 MR. GRUY: I will try to say it so that it will

() 22 be unanswerable without the drawing.

23 If a well drilled through the Arbuckle is injected

.

'

24 into the Arbuckle and a distance of 1,200 feet away or any
f Ace Fedwal Reporters, Inc.

i 25 distance away, there is a fault which leaks, with the
i
!
:
4
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1 Arbuckle displaced upward and the Simpson somewhere above

2 it, and the well were drilled to the Simpson, 600 feet
I

3 from the fault, to monitor the leak, that you could have a

4 very great leak along this fault which'would just go on up

5 and not be detectable in the Simpson.

6 In orde'r to be detectable at this point, it has

7 got to build up the pressure in this horizon and this is a

8 very tight horizon and it would take not only pressure

9 but time for that to be reflected over there, the rate at

10 which that pressure is transmitted being a function of

11 the permeability and the thickness as well as,the pressure.

12 You could lead yourself into a false. sense of

13 " security by seeing nothing here and still having a leak. Su

14 I see no point in spending the money to put the well there.

15 MR. ROBERTSON: My question was not that it was

16 leaking pas the Simpson but only into the Simpson.

17 MR. GRUY: Well, you said if it was leaking at

18 the fault. I have no reason to think it would be plugged

19 right there and that this would go around that way.

20 MR. ROBERTSON: You still didn't answer my question .

I21 MR. GRUY: I don't think it would be detectable

() 22 as quickly as you could detect it in the injection well, even

i ;

23 assuming that you put a plug right there so that any leak |

24 had to be diverted.
AceFedsrol Eeporters, Irw.| ,

25 MR. RODGERS: May I add something that might help?

*
.

L
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I I believe you said 20 gallons por minute?

#
2 MR. ROBERTSON: Yes. This is just p' hypothetical. ed

3 MR. RODGERS: That is equivalent, in the terms

4 that we work in, in the oil and gas industry, to approximately

5 696 barrels per day. I believe we have testified that we

6 can detect through the pressure behavior a leak of this

7 magnitude of rate, or appreciably less than this.

8 So my guess is that you could detect it at that

9 rate.

10 MR. GRUY: We could detect the leak in the injection

11 well by monitoring the injection well, but whether or not

12 you would see that in-the Simpson would depend on how much

O- l'
13 pressure bullt up here opposite the Simpson and the permeabilii.y

14 and thickness of the Simpson.

15 DR. BABCOCK: Just for the record, isn't about 20

16 gallons a minute the rate at which you plan to inject water

17 into the well?.

18 MR. S!!ELLEY: Yes, it is.

19 DR. BABCOCK: In other words, you are asking for

20 a 100 percent leak.

21 MR. ROBERTSON: Yes. This is just a hypothetical

O 22' case.

23 In the Gruy testimony, the one that was submitted

24 for this hearing, on their Figure G-5 I have a question.
Ace Fedstol Reporters, Inc.

25 It concerns the early portion of the pressure falloff curve
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1 in their well tests.

2 Were these points measured with the accuracy

] 3 stated in the report of 0.55. psi?

4 MR. RODGERS: If I may, I will,try to answer that.

Actually, as you can see from the scale hode on this block,5.

t

: 6 what we call the scale mode on the vertical scale is an

7 increment of 2/10 of a psi and actually you can see from the

8 trend and the variations in pressure profile -- you can'

9 see that the gauge is actually measuring a little better than
'

:

10 what is publicized as the instrument sensitivity, which is

11 at the figure of plus or minus 0.55 psi. But actually you can i

12 actually detect by visual observations on this graph a lesser

13- degree of fluctuation.

I4 MR. ROBERTSON ': ( Can you be certain that these lesser

i '

| |s ,
.

- 15 degrees of fluctuation are real fluctuations or instrument
,

16 error?
>'

17 MR. GRUY: We can' t be certain whether these are
'

1
.

18 'real or not or'within the sensitivity.of the instrument.

I9 MR. ROBERTSON: If there were some change in the
i

.,

20 accuracy of those points on that figure, would not that
>

21 affect the location of yr"r straight line that you have

| () 22 drawn considerably?
:

23 am sorry to answer your question.
.i ( MR. RODGERS: I

'

!

| 24 with a question. What do you mean by " accuracy"?
' '

. - Ace Fedsrol Reporters, Inc.

25 MR. ROBERTSON: Referring to this curve, if a few
-

i

| h f|
1 t

9
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I of these points in this particular area where you have drawn

2 your straight line were as much as 2/10 of a psi off, which

3 is within the stated accuracy of your instrument, would not .

that greatly affect the location, the slope of that straight4

i 5 line? .

6 MR. RODGERS: Not necessarily. The location of

'

7 the straight line portion is actually based on the so-called

8 calculation of the after-flow phenomenon that occurs in the;

1

9 well bore as a result of the surface shut-in. That is to say,

i 10 at the surface when we shut the well in, the mass transfer

Il at the surface instantaneously becomes zero. But because the

12 well bore contains a" compressible liquid then the bottom of<

I3 the hole condition is such that these fluids conLinae to'

i

Id flow into the well bore space and compress the fluid.'

15 So this is termed the so-called after-flow region
!

16 and this analysis of this region is t atectabic in the
,

.

37 Pressure behavior and is actually one of the criteria that,

i

18 we use to detect the Point A or the beginning of the straight

I9 line portion. So if we didn't have variations of random sta-

20 tistical order, I would say no, that Point A would still be

21 a valid determination. |

_

22 MR. ROBERTSON: .PorhnWtit470uld-bc mr could 6|

not, Point C be at a different point if there were a 2/10 erro23 c -

1

| 24 in some of the points? .

Ace.Fedtrol Reporters, Inc.

! 25 MR. RODGERS: No, because this well bore

,

I

__
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I

I stabilization event that occurs timewise prior to Point A, |

2 or the appearance of Point A, is the stabilization of the
i

i 3 mass transfer in the well bore itself resulting fron. the fluid

4 compressibility.

5 In the analyses of the data we examine this
;

6 stabilization effect and actually determine that the stabili-

7 zation timewise occurs at Point A or at a shut-in time of*

i

8 0.1288 of an hour.
a

i '9 MR. ROBERTSON: Could you tell me how Point C
4

} 10 was determined?
,

]

! 11 MR. GRUY: Point C is determined by the change
g,- R j dr<J> 'YW %

j|
.

12 in slope at th&t particular point in the line, e quite [[, y2

13 different if some of those points in that particular linc
'

14 were as much as 2/10 of a psi in error?

| .
'

15 MR. GRUY: Well, I think the points speak for

J 16 themselves in that the way they are lined up -- all we are

17 after is the slope of that curve. Its. exact position on'the

; 18 paper up and down is of no consequence'here.

19 MR. ROBERTSON: Then the slope is important and

20 that is what I am getting at. If there were errors in the
:

! 21 location itself of those points the slope could change, could

; () 22 it not?

23 MR. GRUY: If we just had two points and one was

I 24 off a half po.und one way and the other a half pound the
Acs4ederal Reporters, Inc.

25 other way, it would change the slope. But we have good points

. .

.
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I here. They line up good and we have not found that we get

2 errors in them.

3 MR. ROBERTSON: Then you say an accuracy of 0.55p
O

4 really doesn't apply?

5 MR. GRUY: Not to this, I don't think.

6 MR. RODGERS: Let me qualify that. That is a

7 published value called the precision of pressure measurement

8 for the Sperry Sun gauge that was used. Actually this

9 particular gauge is doing much better on sensivity or

10 ability to detect the pressure change than the published figurc
,

11 of 0.55 psi.

12 As an idea of what this gauge is doing in regard

13 i to sensivity, the standard deviativu of the len=L squares
i

14 fit of this straight line portion is on the order of 0.01 psi

15 plus or minus.

16 MR. GRUY: That is the sensitivity of this gauge

17 at this time.

18 MR.'ROBERTSON: Ilave you calibrated the gauge with

19 standard Jaboratory calibration?

20 MR. RODGERS: Yes, the gauge itself is calibrated

21 in the lab. It is calibrated at the measured well bore

g] 22 temperature.

23 MR. ROBERTSON: What kind of precision did you ;

I
24 obtain in the calibration? j.

Ac3 Federal Reporters, Inc. ]

25 MR. RODGERS: The calibration is not done to deter- j
|

}
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I mine precisition. The calculation is done to calibrate the

2 pressure elements of the instrument within the working

3 pressure range and the working temperature range of the
.

4 actual bore hole conditions.

5 MR. ROBERTSON: So you have.no quantified measure

6 of the precision of that instrument other than the stated

7 0.55.

8 MR. RODGERS: We know that we have a measurement,

9 a statistical calculation that incorporates the sensitivity

10 of the gauge and the pressure measurement in regard to the

II standard deviation of the least squares fit that' straight line
,

12 portion.
'

O MR. ROBERTSON: Also in regard to the accuracy of
13|

those points, if there were some inaccuracy that would alsoId

15 determine where the break in the slope occurs that you used

16 at Point C? If that break occurred at a significantly

17 different place that would change the location of your first
18 boundary; is that correct?

l9 MR. GRUY: That is correct.

20 MR. ROBERTSON: The pressure falloff curve similar

21 to this extended on out further was used to calibrate the
22 location of other boundaries in the system; is that not true?

23 MR. RODGERS: In conjunction with the calculations

24 done with the three dimensional model.
Acs Fedarol Reporters, Inc. ,

25 MR. GRUY: The position of these boundaries was
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!

I I not determined from inflection points on the curve alone.
1

2 That was done to illustrate the effect but we took into;
I

3 account everything by putting it in a model with various
4 boundaries in it and calculating the shape of the theoretical

>

j 5 curve that would occur if the underground were exactly like

j 6 our model.
i

! 7 Then we moved those boundaries in order to improve
*

8 the fit of the measured data with the theoretical data. We

!
9 did not rely on distances to inflections and maybe the inflecti on

10
>|

is here so it is so far and the next inflection may be
,

III here so it is so far.
.

12 We fit the'whole shape of the whole curve in the model

0 13 to the point that ..when we moved any or the coundaries we got
'

14 a worse fit than we had. So the differences between the
i

! 15 theoretical curve that we are calculating and the measured
|
,

; 16 curve we have are due to some other shaped factors in the

!

I I7 homogenous nature of the reservoirs than the ones that we are ,

i,

I8End #18 varying.
! '
: 19
I

20.

I
_ 21
;.

; O 22

23'

I

I 24
Ace.Fedsral Reporters, Inc.
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haines 19 1 MR. ROBERTSON: I have a question to clarify a

2 point on the mathematics that you are using. Your equation is

3 4 and 4a in the same exhibit.

4 MR. GRUY: I would like to call on Dr. Van Poollen

5 on that because he verified those equations and he can talk

6 about the equations better than I can.

7 MR. ROBERTSON: It is page 7.

8 MR. KINSEY: It is page 7 of the testimony of -

9 Mr. Gruy.

10 MR. ROBERTSON: In developing and describing the

II mathematic equations used for a model such as this, I have a

12 . question on equation four, for instance, on the righthand term,
O- k

13 the very last term following the equal sign. In that term,
14 could you tell me is the theta symbol porosity? Is thatj

15 correct?

16 | MR. VAN POOLLEN: That is correct.

17 MR. ROBERTSON: And that was used as a constant?
*

i ,

18' MR. GRUY: Yes. We did vary porosity in some runs

19 to check the sensitivity to it. We found that in order to match

20 we had to use porosities that we used which were those calcu-

21 lated from the location.

O 22 nR. ROBERTSON, And it was e conseant,

23 MR. GRUY: Right.

24 MR. ROBERTSON: 1 is the variation for water factor, A-

Acs-Fedirol Reporters, lec.

25 is that correct? Was that constant?

.
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1 MR. VAN POOLLEN: No, because then you would have

2 an incompressible system. In essence here is what happens.

3 Where you look at storage, with a storage coefficient, the

4 petroleum people look at the product of thickness times

5 porosity times compressability is incorporated in the formation

6 volume factor.

7 MR. ROBERTSON: This is partly my lack of familiar-

8 ity with petroleum terminology. It is mostly to clarify

9 my own understanding because I am used to dealing with the

10 terms you mentioned such as storage. They all deal with

Il compressibility. But I wasn't clear how compressibility was

12 varied or was allowed 'to vary. The point I make is this par-

O 13 ticular term doesn't have a pressure term in it.

14 MR. VAN POOLLEN: It does. It is hidden in the fact

15 that you have the differentiation with respect to time of the

16 quantity 1 over the formation volume factor. You can express

17 that in terms of compressibility and pressure function with

18 respect to time.

19 MR. ROBERTSON: I'think that clarifies that point.

20 These equations are different than the terms -- the terms are

21 different than the ones Dr. van Poollen quoted in his testi-

() 22 many but I want to make sure that they were saying the same
1

23 thing. I just wanted to clarify it.

24 Also in regard to compressibility, getting back to
IAc J a iro Reporters,inc. .

25 the Gruy testimony, you mentioned.that your term for

I
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1 compressibility of water but you do not mention the compress-

2 ibility of the porous medium. Is that also incorporated?

r- 3 MR. GRUY: That is also incorporated, compress-
()S

4 ibility of the whole system.

5 MR. ROBERTSON: What was the value used for total

6 compressibility in the system?

7 MR. GRUY: I believe it was 8 x 10-6 of the volume

8 provided, psi.

9 MR. ROJERTSON: In the Gruy testimony, exhibit G-6,

10 which is page -- well, it doesn't have a page number but it is

11 one of the figures at the end. I notice the triangular points

12 used in these curves a're for model-run number 16, in that

() U I

13|| correct?
-

!
.

14 MR. GRUY: Yes.

15 MR. ROBERTSON: I notice the point hear 120 hours --

16 these points display a pressure increase with time, triangular

17 points, the last two triangular points. The last one is higher g
6ttx 4 + 0 -

18' than the last one. How do you explain that?

19 MR. RODGERS: That could have been some oscillations

20 in the numeric solution. However, in this particular example

21 I would also note that it is significantly different from the

22 measured data.

23 MR. ROBERTSON: Did you observe these oscillations

24 in any other runs that do not show on these curves?
Aco Fedrral Reporters, Inc.

25 MR. RODGERS: Not to my knowledge.

.
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1 MR. ROBERTJON: llave any oscillating points been

2 left off from these curves that you know of?

3 MR. RODGERS: As far as I know all calculated
[

4 points that are calculated by the numeric model are shown.

5 MR. ROBERTSON: I ti.ight ask this question. A model
L

6 of this type involves many conplex variables, including permo-

7 ' ability, thickness, porosity, clasticity of both water and

8 rock matrix, boundary conditions, locations of boundaries,

9 just to name a few, is that correct?
i

10 MR. GRUY: Yes. ;

11 MR. ROBERTSON: It is not possible with this many

i
12 unknowns or poorly defined parameters in a system like this

I

O ' that you could develop a completely different model that would
e

13

14 yield a response curve very similar to the one you have pub-

15 lished here, is it?

16 MR. GRUY: I don't think so because we have got'a
,

17 lot of things to fit. Wo havo got to fit the injectivity and

18 the back flow a5 well as the falloff in pressure. A lot of

19 these things that are known pretty well are hold constant.

20 The main things that we don't know, the thing we are looking

21 for, is the position -- the shapre or whethor or not this

() 22 system is closed.

23 Certainly a small change in compressibility or a

24 small change in porosity necessary to bring these in line in
Ace Fedwal Reporters, loc.

not going to invalidato the thing as far as the position of the25

boundaries.
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1 MR. ROBERTSON: Do you know that the porosity is
i

2 constant horizontally?

3 MR. GRUY: No.

'

4 MR. ROBERTSON: Do you know that the permeability is

5 constant horizontally?
x

6 MR. GRUY: No. I know that it is not, but I know

7 that it varios in such a manner as to be homogencously

8 inhomogenous because if it was very Ctfferent from that, if

9 there were large variations -- a small variation that is matched'

10 by another small variation that is matched by yet another.

11 If there was a large variation where the permeability was twice

12 what it was in another-direction it would show in the shape of

, 13 the cus.ve and we have Le= Led that.

14 MR. ROBERTSON: You have stated that you can detect

15 linear flow versus radial flow and I don' t question that, if it

16 is strictly that. Whatabo6tasystemthatinpartlyan(] iso- --

17 tropic, which means that permeability is direction oriented?

18 MR. GRUY: You would get a slope between what you
,

19 get for linear and radial flow.
o.

|>0~ ,pe
20 MR. ROBERTSON: Ilow would you detect how much ant 4r

21 syntropic --

() 22 MR. GRUY: This shows plainly in the early time

23 period of the model before you hit boundarica.

24 MR. ROBERTSON: To what degree? Sa, hnre was a
A&Fedwol Reporters, Inc. ,

25 preferred direction of permeability, more so in one direction

_ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ .
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than there was at right angles and still in a horizontal planc.
1

2 What degrec difference, say, if the permeability was ten times

as much in one direction as it was at right angles -- could you3

4 detect that in your model?

5 MR. GRUY: I think we could because it wouldn't

6 fit the radial flow falloff. It would fit the slope of one

7 when you got on radial flow. There was no indication at all of

8 any variation from radial flow.

9 MR. ROBERTSON: Could you detect a 2 to 1 diffor-

10 cnce?

11 MR. GRUY: Yes.

12 MR. ROBERTSON: That is very interesting.

) 19 10 || MR. GRUY: Thn mnd,n1 would show it.
cd 2002 h

14

15

16

17

18

19

20

21

(1) 22

23

24
Acs Fedsral Reportert, int. .

25

|
|

.
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cr2802 1 MR. ROBERTSON: In ground water hydrology, it's comme n

#20 dhi in pressure transient testing or any other testing if at all2

3 possible to use observation wells for additional pressure

4 measurement or head measurements. Is this common also in the

5 petroleum industry?

6 MR. GRUY: It's sometimes done. It's not common.

7 MR. ROBERTSON: I think --

8 MR. GRUY: I can got a little additional information

if you have an observation well to tell the time and the9

10 magnitude of the pressure change. We call it interference

11 testing when we uso more than one well.

12 MR. ROBERTSON: In the ground water inddstry it's

() common to find an observation well can y1cid a ditteront13

h
141 interpretation of the reuervoit than Lhu injection wc11. Is

|

15hthis--haveyouobservedthisinthepetroleumindustry?
l

MR. GRUY: No.16 |

17 MR. ROBERTSON: In Figurb 8 of your testimony --

18 I Cl! AIRMAN FARMAKIDES: 'Are you talking to Dr. Gruy?
i

19 MR. ROBERTSON: Yes.

20 MR. KORNBLITil Was thero an answer to the previous

21 question? I didn't hear it.

22 MR. ROBERTSON: lie said no, he is not awaro that suc i() ,

23 differences occur.

In rigure G-8, this figure describes the effect of24 :
A<.1. ascot n po,,,, . inc.

varying the ippermeability -- the permeability of the boundary tv
25

.

~
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dh2 1 in your Gruy model, is that true?

2 MR. GRUY: Yes.

3 MR. ROBERTSON: It appears to me that the permeabilit.y

O
4 of the boundary is fairly insensitivo, the model is fairly

'

5 insensitive, considering the accuracy of the numbers you arc
|

6 talking about; talking about these squares and triangles, thero

7 is a relatively small difference between the squares and the

8 triangles. Would you say that is true?
i

9 MR. GRUY: Yes. Certainly it -- you couldn't!

10 differentiate between the squares and the Xs, between the
1

11 calculated data with it and without.

12 DR. BABCOCKt Just a minuto. lie was asking about

13 squares and triangles and you are talking abnut " quar"w n nr1

!!
14 ' Xc .

15- MR. GRUY: I am talking about squares and Xs and

16 ,squaros and tridngles.

DR. BABCOCK: I,et the record show he is talking about
17 |1

l both.18

19 MR. GRUY: The squaron and Xs, you couldn't toll

20 the difference between. That is a difference of .01 milledarcy.

21 The solutions giving the boundaries a pormeability of .01

'

() 22 , milledarcy yields the difference betwoon the Xs and the squares

23 as far as the solution is concerned, which is not detoc'able.c
,

24 llowever, if you make the boundarios have a permeabili ty ;
Ac.J a.,otn po,,,,, w

,

25 of .1 milicdarcy, then there is a detectablo difference in the ,

I i

1
-

I
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dh3 I calculations.

2 MR. ROBERTSON: It appears to me the difforence is nc t

3
(^N much more significant -- maybe you can clarify the difference --
o

4 the significance between the deviation in square; from the measured

5 circles versus the deviation of a triangle. There does not

6 appear to be a major significant difference.

7 MR. GRUY: We were comparing the model calculation

8 ' with impermeable barriers and the model calculation with
i

9 4 permeable barriers. With permeable barriers of .1 miliodarcy,
!

I I

10 | there is a detectable difference in your model solutions. Withi

i

II 1 hundredth, there is not.
-

q

I2 )' MR. ROBERTSON: Could you not vary it and make a varia-
|,,o

I2 tion in the model using that permeability, the permeability or'

I4L.1 milicdarcy, for that barrier and still obtain --

15 manipulate the model to obtain a fit just as good.

16 MR. GRUY: We couldn't. Everything'we did to this

I7 q model at this point made to fit, would.
i

18 j; MR. ROBERTSON: And the squares you fool do not
i

19|deviato significantly, is that correct, from the best fit -

20 | model curve?
| Y l' (, v ;i; |

The squaron don't deviate significantly from the
/

! s.2I
|X \ ' h:1 ' - n,,

( ) 22 MR. C44W: Tha if I remember your figures, would e
I

23 | allow a leakage of four or five barrels a day.
I

24 MR..GRUY: About 4.4 barrels a day.
tes fed;ral Repoe'm. Inc 9

25 h|
MR. ROBERTSON: The trianglen, on the other hand,

'

n
!

!
-
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dh4 i would allow leakage of 40 barrels a day or so.

2 MR. GRUY: That's correct.

- 3 MR. ROBERTSON: So you feel it's feasible to have a
y 7s

leakaNo of four barrels a day without detection.' '
-

4

5 MR. GRUY: Right.

6 MR. ROBERTSON: But it's not feasible to have 40

7 barrels a day.

8 MR. GRUY: I think if we had 40 barrels a day, it

9 would be detectable.

I

10 | MR. ROBERTSON: liow about 20?
i

11 MR. GRUY: Twenty would be questionable.
6

12 | MR. ROBERTSQN: Thank you.
4

,, n

( 33 " I think I have one or tiro other questions.
'

s- p
a

jaj MR. GRUY: But thiu precision'will improve as time

15 ' goes on. Once this has a closed system and you are just dealing
P

16[ with compressibility of the fluids and pressure buildup in a
h

j7 ?cemi-steady state instead of expansion of the bubblo itself,
P

ig then you are going to be more senbitive,

t

19| !!R. ROBERTSON: That concludes my questioning.
t

20 | Cl! AIRMAN PAIU1AKIDES: Mr. Kinsey, you said you had

|

21 | a couple of questions.
!
i MR. KINSEY: I used the term loosely, sir.r~'l, 22
i

_ _ -

23 1 I would say I have about ten questions for !!r. Shelly ,

h
24 depending on responses, I may have more or less. If I could --

Les Fe&rni Reporters, fee

25 '! CllAIIetAN PARMAKIDI:S t Just proceed, sir.
I

4
h

I
.

!
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I MR. KINSEY: If I might also add, the Staff has
.

2 a shuttle to catch at about 5:40 back to Dothesda.

3 Cl! AIRMAN FARMAKIDES: So what timo do you --,

, ,

4 MR. KINSEY: From !! Stroot. So with Mr. Irvine's

5 agrooment, we would like to perhaps adjourn this at around

6 S:00.

7 Cl! AIRMAN PARMAKIDES: All right.

8 Let me say this, too: That means we will continuo

9
j with the Panel tomorrow morning. Then we have the Staff's

10 direct. No had bottor start early, then. We woro

II | thinking we might finish tomorrow.
I2 MR. IRVINEr Yes. ,

13 ! CliAIRMAN FAIU1AKIDES : But the board has quito a
d,

I4 few questions on the pointo developed this afternoon and on

|thodirect. So it may well be that we won't finish this15

16 Panel much before 10:00 or 11:00. I would tnink we ought to

I7 start early. Ilow is 9:00 in the morning?

IO MR. IRVINE: That would be fino.

I9 CIIAIRMAN PAIU!AKIDES : All right, wo will start

20 at 9:00.

21 Let's go ahead and continuo as f ar as we can today.
22'

You cay 5:40?

23 MR. KINSEY: Yon, sir. Wo will probably have to

24 hiko it becauso caba are almont imponnible.,
Acelederal Reportees, Inc

23 CllAllu4AN FAR!tAKIDI S t I think your best bot in to go,
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:

1

I ahead and walk up thero. It won't take you more than 20

2 minutos to walk up so we can go until 5:15. I want to got in

3
| as much time today as I can.

| 4
| MR. IRVINE: If they jog, we can go until 5:20.
t

| 5 MR. KINSEY: I havo just boon advised that wo
1

6 have a shuttle problem, too. The shuttle from Bothanda doesn't

7 leave until 8:10, which might not got us hero until a few

8 minutos after 9:00.
|.

9 Cl! AIRMAN FARMAKIDES: Well, we will wait for you.

10 MR. KINSEY: Okay.

II

|
Mr. Shalloy, generally my line of questioning

I2| Will dwoll on this - - I

II (Discunoiosa of f Llau rocord. ) |

I'8 MR. KINSEY: Gotting back to Figuro 1, Mr.,

i
'

'

15 Sholloy, you used the word typical analysis. I would ask

I16 why you used the word typical in sotting out thoso particular

17
.

figuros.
,

1

I18 In other words, I am sort of getting at the technique

I9 you uso for deriving those figuros.

20 MR. S!!ELLEY: Our primary intorost horo is in the

2I radionuclido. Wo have at various timos measured tho |

|

!O 22 raato#uc11ae - we riaa =me11 varieetoa= i= the suaaiev or
|

23 radionuclidos left in the raffinato. I label thin typical

24 in the caso of radionuclidos becauco it is typical of the
A<ehlpeal Peporters, Inc.

,

25| kind of distribution of thuso materialo wo soo.

| 020
i

I
-
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or 1
I I resolved in the other chemical measurements

2 we will get significantly varying concentrations as our

3 source of field material varies.

4 As to the problem of handling raffinato, wo do not

5 believe the problem is significant. This is a typical

6 example.

7 The next one might be, for instanco, half of the

8 sulfato and twice the chloridos. It might bo higher or lower

9 in sodium. But nono of them significant in terms of a

10 disposal problem.

II MR. KINSEY: In arriving at these figures for

12 the raf finato, did yotr take a sample of raffinate for this

I3 pal Lic ular analyula?

14 MR. SHELLEY: Yes,

n
15 MR. KINSEY: Could you toll me was it a singlo

16 i

sample or more than one?

I7 MR. S!!ELLEY : I think this particular analysis was

18 | a composito of ctober of 1972. I don't havo that referenco

I9 with me. We take a portion out of each 5000-gallon batch,

20 generato it and total it up and analyze it at the end of the

21 month and inhal the composito.

O "l "n x2"scv wn t trea=eaev wouta ene sooo-9 11 =
23 batches bo, if you recall?

24 MR. S!!CLLEY: In theory it would bo about 4-1/3
Anledual Reporters, IN

25 hours. Actually due to varying feed ratos or maintenanco

_ _ _ _ _ _ - _ _ _ _ - _ - _ _ _ _ _ _ _ _ _
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I problems or a number of things, it runs from four to eight

i 2 hours to accumulato a batch.

| 3 MR. KINSEY: Whoro in the raf finato stream would yot
.

.

T 4 take a sample? Is it before leaving the solvent extraction
|>

5 plant? Is it from a pond?

|
'

6 MR. S!!ELLEY: The sample is taken out of a raffinatc

|
7 batch tank, of which wo have two, and it is the last point

I8 of control that we havo on the raffinato. From thoro it goes

9 to noutralization and is dumped into the pond or into the well,
!

10 whatever the term of the process may be.

II The purpose for that sample is to examino the

12 quantity of uranium and rerun the raffinato if it excoods

O '3"

O = ====i= 1cvc1.
I'8 { MR. KINSEY: Would the radionuclido figures vary

15 depending upon the ago of the yellowcako?
i ,

16 | MR. S!!ELLEY: The answer to that is simply yes. Wo i

I
17

| havo soon variations from 280 to 400 microcuries por millilitor |

18 times 10 to the minus 8th. This varios by the ago, it varios

19 by the officiency of the mill's extraction process. It may

20 vary by the officiency of our extraction procons, although

21 wo very soldom soo measurablo radium in our product from the

] 22 solvont extraction.
,

23 HR. KINSEY: Mr. Shalloy, I have reference to

24 the May 10, 1972 application, specifically the lotter from,
heJederal Reporters, In.

'

25 I believo, Mr. Parks to Mr. Muntzing in which on pago IV-6,

1
|

|

[
_ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - - _ . - _ __
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I under the heading " Disposal Well Radioactivity Rolcasos,"

2 the portinent languago roads, "It is requested that specific

3 approval be granted to release radioactivity by the doop

4 well up to tho following average concentrations: Radium 226,

5 2.1 times 10 to the minus 5th. "

6 MR. SIIELLEY: I am familiar with that.

7 MR. KINSEY: llow would you reconcile this number

8 which is higher than the 340 times 10 to the pinus 8th?

9 MR. SIIELLEY: As you suggestod I think earlier

10 in the afternoon, this amounts to 2100 times 10 to the minus

II 8th. This number was developed from -- this number was

12 initially devo-oped for our initial submission of the license
i

13
b application for thu unu of the duup wull. In other words, une

Ml 1970 submission. It was developed as the result of taking
I

15 cortain calculations of mill officiency and arriving at the

'16 2100 from the equilibrium content of the oro. The purposo

17 in using this number is that wo felt that this was a maximum

18| number that this could over bo.

I9 Wo felt at the same time that it would normally

20 run comowhat lower. But I think it is a common practico

2I in licensing to request tho -- for a disposal of this naturo

22 to uco the largost numbor that you are apt to faco in the

23 history of the plant.

24
Aceredsmsa,pwm,ia<l,

I did not develop that number myself. It was

25 ! douloped by a prodocessor. I havo looked at his calculations

I -
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I which are in our earlier licenso submittal and I have described

2 what he has done, to the best of my recollection.

3 MR. KINSEY: Then is it fair to say that forn
N]/ 4 purposes of the disposal well in the application which is

5 under consideration in this proccoding that 340 times 10

6 to the minus 8th is the typical or the average concentration of

7 the radium which will bo in the raffinate stream?

8 MR. S!!ELLEY: I would profor to use typical. Wo

9 have not measured it enough to have an average.

10 MR. KINSEY: But presumably it will be somewhere

II within that neighborhood?

12 MR. S!!ELLEY: Yes, sir.

13 3 MR. KINGEY: I am zuying 2100 vort,ua 340.
h

i

l'8 || MR. SIIELLEY: Since the plant started, we havo

15 l soon numbers around 340 rather than 2100.
!16 MR. KINSEY: In discussing the section on monitoring ,

17 I havo just ono quantion: Do you recall Dr. Stornhagon's
'

18 testimony this inorning?

19 MR. SIIELLEY: Yoo, sir.

20 MR. KINSEY: I believo -- you can correct me if I

2I am wrong -- that he indicated that from a toxological

O votae or view, reatu 22c w eno more 1 vore ae raato#uottae22

23 in the wanto stream.

2'I MR. S!!ELLEY: Yes, sir.
AuMuel Repo,ven Wj

25 MR. KINSEY: I note tho tablo showing the samplo

_ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ - - _ _ - _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ . . _ _ . _ - _ _ _ _ - _ _ _ _ _ . _ _ _ _ _ _ _ _ - _ _ - _ _ _ - _ _ _ _ _ _ _ _
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I frequencias and analycos betwoon pages 2 and 3 of your
2 testimony, and I note that the radium analysis is only to be
3 conducted quarterly whereas all other analysos are to be

/ 4 '

conducted either weekly or monthly, and I am interosted in
5 why, if you might know.

6 t1R. S!!ELLEY: We are dealing in the instance

7 of a radium analysis -- we are dealing with a very low
8 concentration of material as compared with either uranium,
9 fluorido, nitrato calcium, sodium, et cotera. The method to

10 analyze radium takes a minimum of 48 hours to got a rollablo
II answer. Additional timo is desired at low concentrations wo
I2 soo experienced in background in the Sequoya system. We normal 1.yi

i

O 'an 1et theee -- w. ee me11v meeeere rheee tive te eeven eevs
4

I4 after they are taken and separated. 11ultiple samplos in

15I this case does not normally add to the quality of the
16 monsuromont if you arc dealing with background raidum.
I7 If in the ovent wo had any reason to suspect a
18 leak and could pick it up in surfaco wator, wo would bo
I9 dealing with a concentration presumably wall abovo background
20 and thoroforo wo would go to a wackly or more frequent
21 analysis as the caso dcmanded.

22 tin. K111SEY: tir. Shelley, do you recall in your 1970

23 application when you requested a specific limit. on tho amount
24

Acehdsrol Repo,ters, Inc b of radium in which to injoct into tho doop woll?
'

75 tilt . Sill:LLEY: tio , I do not recall. As I think !!r.

_ _ _ - - - _ - _ - _ _ _ - _ _ _ _ - _ _ _ _ _ - _ - - - _ _ - - _ _ _ _ - _ _ _ _ _ _ - _ _ _ - _ - _ - _ _ _ _ _ _ _ _ _
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I Irvino said earlier, that 1970 application was withdrawn.

| 2 MR. KINSEY: Would it make any differenco if the
1

3 requested limitation was substantially higher than what was

4 subsequently requested in the 1972 application or tho -- or

5 in the testimony today?

6 MR. SHELLEY: I am afraid I don't understand your

| 7 question.

8 MR. KINSEY: I will withdraw the question and movo

| 9 on.

10 When the raffinate is injected into the well,

II what do you estimato will happen to the solumbio thorium

12 and uranium and the other dissolved solids in the wasto

O q arm en em pn ef um meu- 1. :-um-d o-
d

14I coming in contact with the limostono dolomito formation?

15 ', MR, S!!ELLEY: Dy extrapolating from our curront

16 experience, when we noutralize in the tanks on the way to the
17 pond, wo find that wo oliminato essentially uranium and

18 thorium by precipitating them as oxides or hydroxidos.

19 Wo obviously form -- if you neutralize with ammonium, you
20 form ammonium nitrato. Wo don't dotect any monsurablo

21 disappearanco of other chemicals.

(] 22 I am ouro it could happen under varying situations
,

1
23 of solubility. Thorofore, in answer to your question, I

24
Acfavale,po,,,,.w|| would expect that the uranium and thorium would upon

25' noutralization at the bottom of tho wall drop out an a solid

| .

I

l .
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1 some place behind the neutralization front and would rest therc

2 essentially as a solid. The other materials, the

3 ammonia -- if instead you had nitric acid being neutralized wit h

\'
4 ammonia, you would be neutralizing with calcium or magnesium.

5 Therefore you would have calcium or magnesium nitrato in the

6 solution at the bottom of the well and essentially leave the

7 things unchanged.

8 MR. KINSEY: What offect do you expect those

9 precipitated solvents would have the well boro interface?

10 Would thoro be, for example, pressuro build-up?

11 MR. S!!ELLEY: I can only refor to another paper

12 , that we heard at the underground waste disposal symposium

13 in "c. Oricans lact month, to ,thich Dr. Warncr referc latcr

14| in his prepared testimony, wheroin they noutralized hydro-

15|] chloric acid solution containing ferrous chlorido in a dolomite

16 reservoir at New Johnsonville, Tonnesseo, and demonstrated to

17 their satisfaction that the iron was precipitating in a

i .

18i front behind the neutralization front.

19 I would expect the iron in our material and the

20 thorium and the uranium to follow escentially the same pattorn

21 as the iron did in that caso. Theno are not instantaneous

22 noutralizations. I think they would fall out, but I don't thin .

23 wo would neu a plugging of the porosity.

24 1 11R . KINS!!Y: Do you onvision the formation of
Ace reds,a1 Reporteri. In |

25 carbon dio):ido at tho bottom of the woll?

t - - _ _ _ _ _ _ _ _ _ _ _ _ s
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I MR. S!!ELLEY: Certainly.

2 MR. KINSEY: On neutralization.

3 If I might ask, what do you anticipate will be the,z_
' )
j' 4 fate of the carbon dioxido?

5 MR. SIIELLEY: It will either be expressed as a

6 liquid or as carbonic acid, probably the latter, but we are

7 well above the liquidation pressure of Co2.

8 MR. KINSEY: So that there would not occur any type

9 of pressure build-up as a result of the formation of the

10 carbon dioxide?

II MR. SIIELLEY: I can't say that with certainty.
a

12 We are dealing with pressures in the range of 1200 psi at the
'ex

kj 13 h 0 ttc.5. of the hclc. The injection cf liquid .;ill have a

14 q pressure build-up. The dissolution of the solu will tend to
|'

15 reduce that pressure. The presence of 3Co2 will tend to

16 [i!increase it. I think you will acc a different pressure down
9

17 || then than you would expect for any singlo mechanism.
0

18 || Cl! AIRMAN PARMAKIDIR We will break now and reconvene
i

19

|
at 9:00.

20' (Whe reupon , at 5:07 p.m., the hearing was adjourned,

21 to reconvene at 9:00 a.m., Tucaday, 16 October 1973.)
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