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UNITED STATES OF AMERICA
ATOMIC ENERGY COMMISSION

IN THE MATTER OF )
) Amendment to Source

KERR-McGEE CORPORATION ) Material License
Kerr-McGee Building ) SUB-1010

~

Oklahoma City, Oklahoma ) Docket No. 40-8027
,

BRIEF. OF KERR-McGEE CORPORATION

Pursuant to the provisions of 10 CFR 2.754, Kerr-McGee

Corporation, Applicant herein, files its brief in support

of its proposed Findings of Fact and Conclusions of Law.*

Kerr-McGee Corporation ("Kerr-McGee") , Applicant here-

in, has built and is operating a plant in the eastern parto

of the State of Oklahoma for the purification and conver-
.

sion of yellowcake to uranium hexoflouride (UF } "" "# "U
6

noerating License from the United States Atomic Energy

Commission, being License No. SUB-1010, granted on Feb-

ruary 20, 1970, based upon an application submitted on

September 25, 1969.

As a part of its license application, Kerr-McGee re-

quested that it be permitted to use a deep disposal well

drilled adjacent to the plant facility for the purpoco of

disposing of acidic raffinate, which is a waste product or

by-product of the operation of the plant. This portion

of the application for license was denied by the Atomic

Energy Commission (" Commission").
.
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Kerr-McGee filed an application for license amendment,

dated May 10, 1972 to permit the subsurface storage of the

acidic raffinate in the deep disposal well adjacent to its

plant. Filed with such application for snen&nent were the

documents that have been admitted as Applicant's Exhibit

1-A through 1-I .

On September 29, 1972, the Deputy Director of the Com-

mission advised Kerr-McGeo that its request for amendment

had been denied. Kerr-McGee requested that before the deci-

sion became final that it be given an opportunity to present

additional information to sustain its position. On Novem-
.

ber 20, 1972, a meeting was held between representatives

- of the Commission and Kerr-McGee, at which time additional

information was furnished the Commission, which has been

admitted as Applicant's Exhibits 2-A through 2-I. The

additional information was not considered sufficient by

the Deputy Director and by letter dated March 14, 1973,

he affirmed the denial of the application for mnendment.

On April 5, 1973, Kerr-McGeo requested a hearing on

the matter of the denial pursuant to the provisions of 10

CFR 2.103. On July 10, 1973, the Commission issued a No-

tice of 11-aring published in the Faderal Register at 28 FR

18,921, directing that a hearing be held to consider the

application of Kerr-McGeo. Such hearing was held before
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this Board on October 15 and 16, 1973.
,

The steps taken subsequent to the request for hearing

have been in accordance with the applicable statutes and

Code of Federal Regulations, and the jurisdiction of the

Atomic Safety & Licensing Board (" Board") to hear and de-

termine this cause is valid and subsisting.

I. BASIS FOR REFUSAL TO GRANT APPLICATION FOR
AMENDMENT AND AUTHORITY OF BOARD

The Deputy Director of the Commission, in his denial

of the application for amendment on March 14, 1973, limit--

ed his objections to three items which he alleged preven-

ted conformity with the requirements set forth in 10 CFR.
.

40. 32 (c) and (d) : ..

n..

1. Existing intormation is not adequato to

demonstrato the presence, location, or nature of

the faults that are purported to provide barriers

to movement of fluid from the disposal formation,

nor is thora adequato information to demonstrate that

known faults will act as barriers to such movement

during continued opcruSion of the proposed well;
,

2. The complexity of the geologic formation is
'

such that there is n,o' assuranco as to the migration
r

paths of the radioactive wastes and the brines which

would be displaced; and
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3. The complexity of the geologic and hydro-

logic system effectively precludes emergency recovery

of the injected radioactive waste.

At the request of the Board, the parties reduced the

objections of the Deputy Director to a series of eight

questions which constitute a Joint Statement of Proposed

Issues'between the parties. The questions are as fol-

lows:

1. Whether the Webbers Falls fault exists
.

and, if it does, at what distance is it located

northeast of the proposed disposal well?
'

2. Whether the South fault exists and, if it

'

does, at what distance is it located southwest of-

the proposed disposal well?

3. Whether additional faults exist within
the disposal formation (fault block) that may act

as either barriers to fluid movement within the fault
.

block or conduits for fluid movement within the for- |

mation?
'

4. Whether the nature of the faults compris-

ing the fault block are such that the faults will
act as barriors to fluid movement under increas- ,

>

i ing fluid pressure?

|
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5. Whether the five disposal zones compos-

ing the Arbuckle Formation can be assumed to be

homogeneous, isotropic, and constant in thickness,

porosity, and permeability, thereby permitting the
calculation of the movement of the disposed waste

fluid from the well bore?

6. Whether a three dimensional analysis of

geohydrologic problems by the finite difference

method, based on test data obtained from a single

well, can accurately predict the nature and perfor-
.

mance of the injection horizons?
,

7. Whether monitoring by pressure testing at

the well head is adequate to detect fluid movement,~

or whether there is a need for direct monitoring

of the recipient formation?
'

8. .Whether in the event of a demonstrated leak

in the retention reservoir or fault block the waste
fluid can be recovered?
If the Board finds that Kerr-McGee has, by the evidence

introduced by it at the hearing on october 15 and 16, 1973,

affirmatively answered such questions, then Kerr-McGee is

entitled to have the Board approve the amendment subject

only to the determination of environmental matters by the

Deputy Di::cctor.

-5-
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However, the datormination of whether Kerr-McGeo has

affirmatively answered the above grostions, and is there-

fore entitled to approval of its amended application, is

not the only authority or prerogativo of the Board. Mr.

Nussbaumer, in his testimony, pointed out that the Deputy

Director, or whoever is authorized by him to approve amend-

ments to licenses, has the authority to impose conditions

which he thinks appropriate on licenses to be issued.

Nothing in the applicable statutes or the Code of Federal

Regulations prohibits the Board from the same authority

as the Director of Regulation. In fact, 10 CFR 2.721(a)
.

provides for the appointment of atomic safety and lican-

sing boards "to presido in such proceedings for granting,*

suspending, revoking or amending licensos or authoriza-

tions as the Commission may designate ***." This Board,

then, (subject to the determination of conservation mat-

tors by the Deputy Director) , may approve the amendment

to the licenso as presented, or may approve the amend-

mont to the licenso subject to such conditions as it

thinks appropriato.

II. Tile EVIDENCE PRESENTED

The proposed issues involvo too existenco and con-

tainment ability of the fault block into which Korr-
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McGeo desires to dispose of the acidic raffinate wasto

from its facility, and the ability to recover such waste

in the event of emergency. As evidenced by the testimony

and exhibits produced, Kerr-McGeo has made a comprehensivo

engineering and geological study of the area surrounding

the disposal well. The engineering study included the
~

combined applications of elcctric well logging, radio-
active tracer and temperature profiling, pressure fall-

of f testing, regional geology and three-dimensional,

singlo phase numeric modeling. The geologic investiga-

tion included studios of the surface and subsurface con-
.

ditions in and around the fault block by field surveys,

studies of well logs of walls drilled in the arca, and-

other information available concerning the disposal for-

mation and the area. In addition, Kerr-McGee had a

study made by Dr. Charles J. Sternhagen concerning the

possible radiological of fects and the ef fect of a " worst
accident" in the event of the escape of some part of the

disposed material or reservoir fluid.
It is clear, hopover, from the testhmony of the

Staf f that the Staf f has mado no independent investigation

from cithar an engineering or geologic standpoint concern-

ing this area. (Tr. pp. 295 and 353-354) . 'iho extent

-7-

.

i

O

. _ - _ - - ___-____ -_-___ __- - ____ A



--

O O
'

-

of the investigation by the Staff is well summed up by

the following two quotations from the testimony of Dr.

Warner and Mr. Robertson:

"DR. WARNER: Not necessarily. I hope you don't

have the impression that I tried to in f act go through

the same procedure they did. This is a very time-con-
'

suming thing. There is an onormous amount of effort

involved. Itowever, it is quite easy to look at what

was done and mako judgments with regard to the geno-

ral validity and the alternatives that might have

existed in tho interpretation as opposed to genera-
.

ting an original model oneself and going through all
of the effort that is required and time that is re--

quired to do that. One can make simplo calculations,

look at the data and form judgments, which is osson-

tially what I did." (Tr. p. 337)

"MR. ROBERTSON: My mechanism was to ovaluato

the Gruy testimony and attempt to soo how the modcl

was manipulated to arrive at the indicated boundarios

and other paramotors and to soo if the conclusions

mado there woro valid in my opinion.

"My conclusion was that the techniques, mathema-

tical techniques used woro accepted and valid techni-

quos based on the equations they had, and that tho
-8-
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way boundarios and so forth are manipulated is an ac-

copted way to manipulato the parameters but it is not

the only way.

"The solution to the problem like this, to a

complex problem like this with many variables, is not
.

unique. You can got a black box. That is a term wo

uso to indicato something that will manipulato a curvo.

That does not necessarily mean that the black box is

representative over a longer period of timo. That is
,

the general overview I took of it." (Tr. pp. 353-354).

It is clear that the Staff and its consultants at-
,

tempted only to find "weaknessen" in the engincoring

and geologic work performed by Korr-McGoo. No indopondent'

work was donc, and' thoro is no testimony that denios

any of the findings of Korr-McGoo and its consultants.

Their testimony, in ossence, is that they do not agroo

with some of the interpretations made by Korr-McGoo

and its consultants, but they have no independant intor-

protations of their own, either sustaining or contradic-
ting those of Kerr-McGoo and its consultants.

The testimony of Mr. artson quoted above indicates*

that the numeric modeling tot.:ique which was one of the

principal techniques used by Korr-McGoo to discover reser-

voir paramotors was a valid and accepted techniquo, and

-9-
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that the manipulation of the boundarios was dono in an

acceptabic way. Dr. Warner agreed:

"I don't think that the - I would have approached

the model any differently than any other person work-

ing in the field would approach it. In the first

place, in general, everyone works generally the same

way. You have to. You are constrained by the con-

stants that go in, or the paramotors that go into the

om?ation. You all have to datormino those in ordor

0; make any calculations. So ovarybody's procedure :

would essentially be generally the same. The place
,

that you might differ is la the details or perhaps
,

.

not details - in the interpretation of the data that

you have to work with. " (Tr. p. 335).

Dr. Warner goes on to say, ort Page 336:

"I can very well imagine if I had started out

I
with the same data that Kerr-McGoo had originally

and constructed a model that I would not have como

up with the samo kinds of boundarios that they have,

necessarily. Some of them parhnpn ynn wnuld have,

It is quito clear in some casos that the reservoir

is bounded. In other cases the reason for the

boundarios is loss cicar." (fr. p. 336) .

-10-
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Thus, it is quito clear that the engineering and geo-

logic methods used by Korr-McGoo are valid and acceptable

methods, and that while the consultants for the Staf f may

not fully agree with some of the interpretations of Korr-

| McGoo and its consultants, they have not testified that

such interpretations are wrong, and they have not offered

any interpretations counter to those put forward by Korr-

McGoo and its consultants.

Based, then, on the testimony before the Board there

are a number of "hard" facts, i. c., facts obtained by

observation or measuromont, such as the existence of

bounding faults on the northwest and southeast sidos

of the fault zones, geological facts obtained by field
,

surveys and examination of well logs and other measured

information and reservoir facts obtained from measuro-
,

mont in the disposal well. From those "hard" facts

consultants for Kerr-McGoo havo made interpretations

and deductions, both from the geologic standpoint and

from the numeric modeling standpoint, and it is cortain

of those interpretativo facts which the Staff and its
consultants have challonged. At no placo have the Staff

or its censultants stated that the. interpretations mado

by Korr-McGoo and its consultants 2ro wrong. They havo

moroly stated that they might not havo reached the samo

'

-11-
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interpretations, and they say this without having perfor-
med the work and without presenting any interpretations

<

of their own. -

III. THE CONTESTED ISSUES

Lot us now examino the contested issues to see if they

have boon established in accordance with 10 CFR 40.32(c)

and (d), which require that the licenseo's equipment, faci-

litics and procedures proposed for use are " adequate to

protect health and minimize danger to life or proportf",

and that issuance of the amendment will not be " inimical
to the health and safoty of the public." It should be

noted that the requirements of 10 CFR 40.32(c) and (d) are

not stated in the absoluto, but require only that licensoo's
,

equipment, facilitics and procedures are "adequato to

protect health and minimizo dangor ***", and will not

bc " inimical (adverso or hostilo [ Webs tcr] ) to the health

and safety of the public." (Emphasis added) . The term

"adequato" doos not mean that thora must be an absoluto

guarantee of the protection of the health of the public,
but that the proposed proceduros must be sufficient to

protect the health of the public, and, of courso, the
word "minimizo" recognicos that there will bo some danger,

but that it should be reduced to a minimum.

-12-
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Such definitions becomo important in this cause for the

reason that wo do not have the fault block sitting on top

of the ground whero we can measure and guage the various
.

paramotors and como to a definitive conclusion concerning

the containment possibilitics of the reservoir. Because

the disposal formation lies at a depth betwoon 1445 foot
and 3011 foot.underneath the surface of the earth, we must

base our conclusions on deductions from facts obtained from

the best practicos and proceduros used in the industry.

A. Existanco and Distance of Boundarios

Lot us first look at the boundarios of the fault block
.

to soo what has boon ostablished concerning their existenco

and distanco from the proposed disposal well, and whether*

said faults will act as barriors to fluid movement under in-
creasing fluid pressura.

Tho existence of the South Fault of the Warner Uplift

and the Carlile School Fault, northwest and southeast of

the disposal well, is well known and their existence

has never boon called into question. The South Fault

of the Warnor Uplif t is approximately six miles from

the dispor;al well, and the Carlilo School Fault is approxi-

mately one mile from tho dispocal ,voll.

Tho Webbors Falls Fault, lyiny northeast of the

disposal voll, and the South Fault, lying to the south-
-13-
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west of the disposal well, are not apparent on the surface
and have been determined through analysis of the subsurface

and surface conditions, and through the use of the numeric

model.
,

An examination of Applicant's Exhibit C-E is a graphic

explanation of the location of the two faults. As can be

soon, Dr. Chenoweth had a great deal of information to

utilize. He had logs of the Phillips No. 1 Hatcher Well,

the Harris No. 1 Standifer Well, the Kerr-McGeo No. 1

Sequoyah Well, and the Cobb No. 1 Wilson Well, together

with the logs of other wells in the area. These four wc11s
.

give a clear picture of the geology of the area. Using

as a marker bed the Wapanucka Limestone, Dr. Chenoweth
.

found that in the Phillips and Harris Wells the Wapanucka

and the Arbuckle were much lower than would have been anti-

cipated, based upon the regional trend of these zones, and
)

in the Cobb Well he found that contrary to the indications

of the Phillips, Harris and Korr-McGeo Wells that the

Wapanucka had leveled out and did not surface until several
miles further to the north than the regional trend and the
trend shown in the Phillips, Harris and Kerr-McGeo Wolls

would hav.i indicated. This clear, factual picturo requirer

the deduction that thoro has been a dicturbance of these
beds af ter the timo that they woro laid down.

-14-
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Subsequent to the deposition, we find there was down-

warping of the Arkoma Basin and the upwarping of the

Ozark Uplift. Such tectonic movement resulted in fault-
,

ing and the logical deduction from the hard facts avail-

able is that there is one f ault between the IIarris Standi-

for Well and the Kerr-McGee Well, and one fault between

the Kerr-McGeo Well and the Cobb Well.

The next question is the location of these faults

within the area specified. The Webbers Falls Fault must,

of necessity, be much closer to the Kerr-McGee Well than

to the cobb Well, otherwise the Wapanucka Limestone would
'

have surfaced at the point indicated by the dashed line

on Exhibit C-E. Within that area were found certain sur-.

face expressions indicated by a straight stream course,

a precipitous bluff, a bend in the Illinois River, and

anomolous "Round Mountains" near the Village of Gore and

southeast of the sequoyah Facility in Sections 24 and 26,

Township 12 North, Range 21 East. (See KnX 3A (Exhibit

C-D]). On Exhibit C-E can be soon a topographic profile

shcwing the stream course and the precipitious bluff

which mark the fault. This fault is also confirmed by

the numeric model which located a boundary 1164 feet -

from the disposal well.

-15-
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It is clear that the hard facts available and the de-

ductions therefrom show the existence of the Webbers Falls

Fault and clearly locato it in relation to the Kerr-McGeo

Woll.

The exact location of the South Fault is likewiso in-

dicated by surface conditions. As can be seen from Exhibit
.

C-D, the upper reaches of Dirty Creek run generally in a

cast-west direction, headed toward the Arkansas River. Ilow-

ever, beginning in Sections 21 and 22, there are a series of

sharp 180' bonds, the crook turns in a southerly direction

and runs parallel to the Arkansas River with additional
. ,,

180' turns and it finally enters the river soveral milos

to the southwest of its torturous course. These facts, >
. ,

combined with the abrupt escarpment partially paralling,

*

Dirty Crock, as shown on the topographic profile on Ex-,

hibit,C-E, and a major chango in the outcropping of the

llartshorno Sand Formation,in the area, strongly indicato

structural control - i.e., the following of a fault lino -
, ,

rather than gravity control - i.e., moving from a higher

area to a lower area along the lino of lowest olovation.
.

The numeric model also contributed information toward lo-

cating thn fault in that the investigation of the reservoir

area by model revoaled that in one direction in layers 3 and

-16-

'|
.

,

. _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ - _ - - _ - _ - _ . _ _ _ . - _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ - - - _ _ _ - _ _



O O
'

.

'

4 they did not find a boundary at 29,578 foot. The fault,

as postulated by Dr. Chonoweth, is approximately 29,500 foot

from the disposal well.

The hard facts and the deductions therefrom make it
clear that the South Fault exists , and it is at the dis-

tance indicated from the disposal well.

B. Faults As Barriors To Fluid Movement

Will such faults act as barriors to fluid movement un-
der increasing fluid pressure? It must be admitted at the

outset that thoro is no way any export in the field can

stato categorically to the Board that those faults will

not leak under pressure. The only way to mako a final'

dotormination is to pressure up the formation by the'

,

injection of some fluid material to the maximum pressure

anticipated. At this point, upon examination of the
surfaco aron on which the faults are located and perform-

ing numoric modeling on a pressure fall-off basis, a

final datormination can be mado. Ilowevor, there would

have boon pumpod into the formation the same number of

gallons of material that Korr-McGoo desires to put in
the formation to begin with, and in order to put any

wasto matorial into the formation it would be nocessary

to pump the wasto material in on top of the material

already placed in the reservoir. This would result in

a higher pressuro on the rosorvoir boundarios. As can

' '

,
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be seen 'the only absolute proof of the tightness of'

\the reservoir would then lead to having to prove that
i! -

the reservoir would not leak at an even higher pressure

by the insertion of additional material. In the end

we could prove that the reservoir would not leak at much'

-

higher. pressures, but we would not have disposed of one

iota of the waste material.

Let us view the information available to us con-

cerning 'the ability of the f aults making up this f ault i

block to act as barriers to determine if this formation
,

,

.wil not present sufficient evidence to show that leak-
,,

.

age from such faults presents a " minimum" danger to life'

'

or property..

It was stated by both Dr. Chenoweth and Mr. Gruy that

petroleum geologists and petroleum engineers uniformly con-

sider all faults to be sealing simply because in the large

majority of caces such faults have been found to be seal-

ing. In fact, such faults are common areas in which to

look for accumulations of oil and gas since the movement

of the oil and gas is halted at the fault, because it is

sealing, and the oil and gas is trapped against the fault.
These trapped substances are generally present in the

so-called fault traps under pressures much higher than

any pressure that will be built up against the faults

-18-
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surrounding the fault block. Dr. Warner has indicated,

in his testimony, that the build up of 200 pounds of

pressure in the formation over a five year period is

a very small pressure increase. This means that the

pressure increase on the faults will be very small, and

the chances of breaking through the. fault will be greatly
,

reduced. When this fact is considered, together with

the fact that most faults are sealing, the danger to

life and property certainly becomes quite minimal.

Dr. Warner pointed out in his testimony, and developed

in his cross-examination, as it was his responsibility to
.

do, that some faults leak, and Dr. Chenoweth, Mr. Gruy and

Dr. van Poollen, in being just as forthright, admitted that-

some faults do leak. It is interesting'to note, however,

that Dr. Warner never contradicted the fact that most faults

do not leak, nor did he contradict the fact that it was

standard practice in the petroleum industry to assume that

faults do not leak because the overwhelming evidence gather-
1

ed over many years of experience is that most faults do not

leak.

Because it is impossible to determine whether faults

will leak or not until such time as material is actually

put into t.he formation under pressure, Kerr-McGee has pro-

posed an extensive system of monitoring the surface and

-19-
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shallow subsurface to determine if there is any escape of

material from the formation. Kerr-McGee has further pro-

posed an extensive system of further testing by placing

measured amounts of neutralized raffinate into the forma-

tion under strictly controlled conditions, and then mea-

suring the fall-off pressure in order that the greatest

possible data can be given to Mr. Gruy to confirm his nu-

meric modeling. Since all parties agree that such further

testing will aid in rendering a better model of the re-

servoir, at the completion of the testing period there

should be as accurate a reservoir model as the state

- of the art will permit.

Such transient pressure testing will give fall-off
.

pressure curves which can be used to determine boundary

leakage at all boundaries as Mr. Gruy has now done for

the Webbers Falls Fault. In addition, the build up in

pressure in the formation between injection periods will
be on a straight line function if there is no leakage or

on a different function if there is leakage no matter

how far the leakage n.ay occur from the injection well.

Thus, at any' time in the future it can be determined if

leakage in occuring and remedial action can be taken.
Since no one can state categorically that such faults

will not leak under pressure, surely the extensive investi-

gation done to date, and the further extensive investigation

.

-20-
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postulated by Kerr-McGee to determine if such faults are

acting as barriers to increased pressure, and will act as
barriers to the total pressure build-up in the fonnation,

will minimize the danger to life or property.

C. Presence of Additional Faults in Disposal
Formation and Calculation of Movement of
Disposed Fluids From Well Bore

The determinations of the capacity of the reservoir

within the fault block to store the raffinate waste and
the rate and direction of flow of the disposed material

were determined by numeric modeling using a three-

dimensional numeric model. Numeric modeling is a well

.

recognized and useful tool for determining reservoir para-
meters as was testified to by Mr. Gruy and Dr. van Poollen

.

and Dr. Warner and Mr. Robertson.

There seemed to be a conflict in the written testi-
mony of Mr. Robertson and Dr. Warner concerning whether

such a numeric model could determine the rate and di-
rection of flow of material pumped into the reservoir.

A close comparison of such written testimony, and Dr.

Warner's statements under cross-examination, reveal that

Dr. Warner and Mr. Robertson were speaking of different

types of modeling, and it seems quite clear that based

upon the testimony of Mr. Gruy, Dr. van Poollen and

-21-
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Mr. Robertson, that the modeling technique used by Mr.

Gruy will reveal rate and direction of flow of fluids
in the reservoir.4

The model has been used by Mr. Gruy to determine

barriers in the recipient formation or any preferen-

tial movement of material in the recipient formation,

but Mr. Gruy's studies have not revealed any additional
.

faults within the disposal formation that may act as

either barriers to fluid movement or conduits for fluid
movement. Further testing, as proposed by Kerr-McGee

will confirm this information, and will further deter-
.

mine leakage at the boundaries by the fall-off pressure
curve as was done for the nearest boundary at 1200 feet,-

or the Webbers Falls Fault, and in addition will deter-

mine leakage by the build-up in pressure in the forma-

tion during the additional testing period proposed by
,

Kerr-McGee, as discussed above. Thus we now know that

numeric modeling has re'realed no additional f aults within

the disposal formation, and the geologic investigation

of Dr. Chenoweth has revealed that those inferred faults
shown on the photogeologic map in fact were not faults

at all, b.It merely lines of vegetation on the ground.

e no indication of additionalAs a consequence, we hav%
,

*)
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faults within the fault block, and the additional testing

proposed will further confirm this information.

'

The testimony of Mr. Gruy and Dr. van Poollen has

further shown that heterogeneous zones can be represented

by layered models using weighted properties for each

of the layers. The numeric model used by Kerr-McGee's

consultants was constructed using five layers to represent

the reservoir. The model was also used to investigate

the effect of heterogeneities within each '.ayer. A sig-

nificant change in property, either areal or vertical,

such as a change in permeability, is reflected in the
-

measured pressure behavior and the calculated value will

properly consider these changes. Thus the engineering.

study has evaluated the areal and vertical heterogeneities

which are dynamically significant in the reservoir.

Numeric models are initially assumed to have radial

flow - i. e., equal flow in all directions from the well

bore - based upon a reservoir that is homogeneous, iso-

tropic and constant in thickness, porosity and permeabil-

ity. However, if thero is channelling or flow in a pre-

ferred direction the nature of the flow system will be

! linear. Linear and radial flow systems have different

pressure behaviors which are easily detected in the

-23-
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early tLme regions of pressure fall-off tests. No indi-

cation of 'inear flow was observed in the test data,

and it was the conclusion of Mr. Gruy and his associa-

tes, confirmed by Dr. van Poollen, that the injected

material will advance radially in the permeable zones.
,

Once again, this information will be more positively con-

firmed by the additional testing proposed by Kerr-McGee

which can also include the other parameters suggested by

Dr. Warner such as density differences, dispersion, etc.
.

It should be pointed out that in connection with the
r

new Johnsonville well, cited by Dr. Warner in his testi-*

.

mony as one in which there was flow in a preferred direc-

tion nearly five times the anticipated distance from the*

well boro, that the method of calculation of the rate and

distance of movement was not based on pressure distribu-

tion, and that a numeric model was not used to predict the

rate and direction of flow. As pointed out above, the

numeric model will predict the rato and direction of flow,

and the additional testing proposed by Kerr-McGee will,

further confirm the rate and direction of flow.
D. Monitoring

Is there the need for direct monitoring of the re- -

cipient fermation and the overlying formation in addition4

to pressure fall-of testing of such formations?
24--
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It has been agreed by all engineering consultants that

the primary method of monitoring tbc disposal formation is

by the use of the numeric model established by Mr. Gruy.
,

A comparison can be made of the observed performance of the

disposal well as compared to the predicted performance,'and

a divergence from the predicted performance will be a warn-

ing to search for the cause of such divergence. In the

event of a sharp divergence, or a sharp break in the ob-

served performance, emergency action, including procedures

to back flow the well, can be initiated.

Dr. Warner, in his written testimony, and confirmed in
.

his verbal testimony, has suggested the drilling of three

additional wells for the purpose of monitoring. The firsta

well would be several thousand feet north of the disposal

well and would be drilled to the nearest marker zone to

confirm the existence of the Webbers Falls Fault. The

second well would be drilled through the Simpson Formation

at a point several hundred feet north of the present well
and would be completed in such a way as to determine if

there are any vertical leaks into the Simpson Formation.

The third well would be drilled several thousand feet

to the south; west of the disposal well, and would be completed
in the Arbuckle Formation in the same way as the disposal

well and would be used to monitor the Arbuckle Formation.
-25-
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The cost of drilling these wells would vary between
;

$290,000.00 and $361,500.00, depending upon the completion

involved. For this additional sum of moncy what informa-.

tion would be developed? The first well will merely con-

firm what the geological facts have established, which facts

are further confirmed by the numeric model. Further

modeling, as proposed by Kerr-McGee will additionallyi

confirm the existence of the boundary. Such well will'

merely confirm what we already know, which will be further

confirmed by the additional engineering study.
The second well will be drilled to monitor the Simp-

son Formation. As pointed out by Dr. Chenoweth in his |'

testimony, the bottom layer of the Simpson Formation, the,

,

Everton, has no porosity and therefore no permeability.
The chances for vertical leakage through that formation

are inconsequential. As shown by the studies of Mr. Gruy,

the numeric model has investigated the nearby boundary,

and the numeric model can determine leakage from that

boundary of amounts down to slightly over four barrels

per day. Further testing will imprcve the ability to

determine leakage and, of course, it nust be considered

that the very small pressure increases even over a five <

year period make such leakage an insignificant element

for consideration. The need for the well drilled to

-26-
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the Simpson Formation is highly problematical.
The third well is to be drilled and completed into

the Arbuckle Formation to monitor conditions in that for-

mation. As has been pointed out, this will be a single

point source of information. If the flow is radial from

the well boro, this well will pick up the increase in pres-
.

sure and it can be reported to confirm the transient pres-

sure testing performed in the disposal well. This infor-

mation, however, will be available from the nwneric model-

ing involved. If there is flow in a preferred direction

from the disposal well, unless the monitor well is drilled
.

In the flow pattern it will not serve to confirm or deny
- the preferred flow direction. Thus, its chances of being

within the confines df the preferred flow direction are

rather small. The fact that the transient pressure test-

ing and numeric modeling will reveal the rate and direc-
tion of flow makes the use of such a monitor well of very
limited value, and the heavy cost af drilling and complet-

ing such a well makes it economically unfeasible consider-

ing the return of information from the well.
Dr. Warner, in his testimony at the hearing, placed

the use of these monitor wells in their proper perspective

when he stated that if "one were seeking a location for
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additional ways to monitor for potential leakage that the

next most logical thing to do after direct monitoring of

the disposal well would be the drilling of additional

monitoring _ wells," and that such monitoring wells would

"be a useful addition to the monitoring which Kerr-McGee

has recommended by themselves."

The monitoring program as proposed by Kerr-McGee,

supplemented by the additional testing program, will be

more than adequate, and the use of additional monitoring

wells cannot be justified either based upon the informa-

tion they will produce or the cost of such wells.
.

E. Recovery of Disposed Fluids

The final question concerns whether in the event of.

a demonstrated leak in the retention reservoir or fault

block the waste fluid can be recovered. The uncontradicted

testimony of engineers representing Kerr-McGee is that

should recovery becomo desirable that the similar vicosit-

ics and gravities and the miscability between the fluids

- will allow a good recovery. When specifically asked how

much of the injected material could be recovered, it was

pointed out that approximately 85% of the injected material
could be recovered, less, of course, those portions that

may have precipitated out as a result of the chemical re-

action of acid in une raffinate with the dolomite in the
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formation. Initially, of course, using neutralized raffi-

nate there would be no such chemical reaction. It is ap-

parent that no one was particularly concerned about the

remaining 15% that would be left in the reservoir since it
would be impossible for it to have any adverse effect.

The Radium 26 content of the reservoir fluid is already2

high enough that the remaining 15% would add little or no

additional Radium 226 to the reservoir fluid.
'

The question of recovery becomes moot however when

one considers that the consultants for both the Staff and
Kerr-McGee agree that there is virtually no hazard to the

.

public or to the environment from the disposal of the raffi-
nate in the recipient zone. Dr. Warner, in his letter of.

December 22, 1972, in reviewing the presentation of Kerr-

McGee on November 20, 1972, although postulating his state-

ments on the drilling of the three monitor wells discussed

above , states as follows:

"After considering all of the presently
available information, it is my opinion that,
in the absence of any more satisf actory prac-
tical alternative, Kerr-McGeo Corporation
could be allowed to use the well that they
have constructed for injecticn of up to fifty
million gallons of waste water with no fore-
seceblo significant hazard to the environment 3

or public health."

The fifty million gallon amount of waste to be
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disposed of is the amount that Kerr-McGee has requested

to dispose of for the first five years of the use of

the disporal well.

Sustaining the views of Dr. Warner and the other

engineering consultants was the testimony of Dr. Charles

J. Sternhagen, an eminent and well qualified radiolo-

gist. Dr. Sternhagen testified that Radium 26 8
2

radiologic toxic agent of primary interest. Ile points

out that there are two primary methods of receiving

the Radium 226 First, by direct ingestion by drinking

material containing Radium 226, and secondly by breath-
Of theing airborne particles containing Radium 226

two. methods, the second is the more dangerous because'

inhalation moves the radionuclide into the blood stream,

while when taken orally the system eliminates radium

very rapidly the first week after ingestion. Seventy

percent of the orally ingested radium is eliminated in
the first 24 hours and ninety-five percent in five days.

However, Dr. Sternhagen's conclusions are very

illuminating. He points out that in view of the solu-
tion concentration of the raffinate that the burning

sensation and bad taste resulting from consuming the

disposal liquid in its undiluted condition would make

-30-
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it almost bmpossible to receive a dose of radionuclide

of any significant level, and, in fact, the consumption
of two liters of the undiluted material, if it could be

ingested at all, would produce only negligible deposition

in the body. In connection with inhalation of radionu-
clides that may have been released to the air by escape

to the surface, Dr. Sternhagen pointed out that the dilu-

tion in the air would be such that there would be no dan-

ger to humans. (Tr. pp. 13 5-13 6) .

Dr. Sternhagen further pointed out that consi-

doration was given as to the effects of a worst possible

accident. Attention was given to leakage into a well*

used for drinking purposes, leakage to the surface at
,

a point away from the plant site and a massive leak into
the Arkansas and Illinois Rivers of an amount equal to

the raffiniate disposed of in the well each day as worst

possible accidents. It was felt by Dr. Sternhagen that

the massive leak into the rivers would be the worst pos-

sible accident.

In such case, however, the flow of the Illinois
and Arkansas Rivers (except for one day in 1959) is

such that there will be adequate dilution of either the
raffinate or the formation water to concentrations gener-

ally below permissible limits. This would not be true for
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a few feet below the entry of the raffinate into the

stream because of the plume effect, and there might be

some slight damage to aquatic life and vegetation grow-

ing in the river at the very p'oint of entrance.
Dr. Sternhagen came to the following conclusion:

" Based upon my understanding of the monitor-
ing program proposed, and the precision with which
a leak in the reservoir can be detected, I believe
it to be incredible that an accidental release
through failure of the well or the reservoir would
result in significant exposure to the population
in this area. "

The testimony of Dr. Sternhagen, when combined with -

the testimony of the various witnesses for Kerr-McGee Cor-

poration, make it very clear that the " equipment, facili-.

. . ties and procedures proposed for use pursuant to the re-

quested snendment are adequate to protect health and mini-

mize danger to life or property", and certainly the is-

suance of the amendment will not be " inimical to the health

and safety of the public."

The Staff urged that the maximum permissible concen-

trations of Radium 226 would be reduced from the Appendix

B values by virtue of the provisions of 10 CFR 20.106(e) .

However, a careful reading of such regulation indicates

that such regulation applies to an area where there is

a daily exposure resulting in a daily intake that can be
averaged over a period of approximately one year. Under
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such circumstances the Commission may limit the quantities

of radioactive materials released in the air or water dur-
ing a specified period of time. The regulation is in-

applicable because first, we have no regular release of*

radioactive materials which would provide for a daily in-

take by a population group. The monitoring proposed by

Kerr-McGee would detect any such releases and protective

action, as has been previously outlined, would be taken.

Secondly, the regulation has no applicability because
the Commission has not acted to limit quantities of radio-

active materials released into the air or water below the
.

levels provided in Appendix B for the area involved in

the application.'

CONCLUSION

10 CFR 40.32 specifies the requirements for issuance

of licenses, and states that an application for a specific

license for purposes other than export will be approved

upon compliance with the stated requirements. The only

requirements that have been challenged by the Staff (other
than the reserved environmental question) are as follows:

1. The licensee's equipment, facilities and

procedures proposed for use pursuant to the request-

ed mnendment are adequate to protect health and

mininize danger to life or property; and
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2. The issuance of the license will not be
inimical to the health and safety of the public.

The challenge to these requirements was made more

specific by the Staff and by Kerr-McGee in their Proposed

Issues for this hearing. The establishment of answers to

these proposed issues sufficient to the Board means that
Kerr-McGee has met the two requirements of 10 CFR 40.32

.

set out above.

Kerr-McGee would urge to the Board that the testi-

mony and exhibits presented by it fairly answer the ques-

tions in the Proposed Issues. The waste disposal well

.

and its equipment and the procedures proposed for its use

are more than adequate to protect health, and they mini--

mize danger to life or property. Certainly, also, the

disposal of the acidic raffiniate in a contained under-

ground reservoir in which there are no minerals of commer-

cial value can only be beneficial to the health and safety

of the public, since it provides - permanent disposal area

in which the acidic raffinate with its radionuclides will
be permanently contained.

Kerr-McGee prays that the Boc.rd make affirmative

findings as to the two requiremencs of 10 CFR 40.32, set

out above, and order that the Amendment to License No.

-34-

.

D

e

_



O O-

.

SUB-1010 proposed by Kerr-McGeo Corporation be approved

subject only to the environmental questions to be deter-

mined by the Deputy Director as provided in 10 CFR 40.32(e) .

Kerr-McGeo has proposed as a part of its monitoring

program that it will do additional testing to confirm the

model by the injection of neutralized raffinate from its

storage ponds in a series of approximately five sequences,

conducting a test for pressure fall-off subsequent to

each sequence. Upon collection of this data the results

of the fall-off curve would be matched against the model

as were the original test results, and the model results

could be further confirmed. If the Board would desire,
.

'the amendment to license could be conditioned upon Kerr-
,

* _McGee's performing these tests and furnishing such in-

formation to the Staff and to the Board for their further

evaluation.

Kerr-McGee feels very strongly that the underground

disposal of the acidic raffinate waste from its Sequoyah

Facility z.s proposed is the best answer from all view

points to the disposition of these wastes. Kerr-McGee

feels that it has been amply demonstrated that its ap-

plication for anendment meets the requirements of 10 CFR
,

40.32, and that such application should be approved. If,

however, the Board feels that such application should be
,
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conditioned upon t'le results of the further testing as

proposed by it (subject to determination of environmental

questions) Kerr-McGee is willing to perform such testing

and report the results to the Staff or to the Board as

may be directed for further evaluation and confirmation
that the fault block used for disposal of the waste mater-

ial provides for disposal of the waste in a way adequate

to protect health and minimize danger to life and property,
and that such disposal will not be inimical to health and

safety of the public.

Respe fully submiktecp ,

Francis S. Irvine*

h ATTORNEY FOR KERR-McGEE
CORPORATION

600 Fidelity Plaza
Oklahoma City, Oklahoma 73102
Telephone No. (405) 272-9221

OF COUNSEL:

KERR, DAVIS, IRVINE, BURBAGE & GREEN, INC.

~
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CERTIFICATE OF SERVICE _

I hereby certify that true and correct copics of
the above and foregoing instrument were mailed to the
following by depositing in the United States Mail at
Oklahoma City, Oklahoma on the 21st day of November,
1973:

John B. Farmakidos, Esq.
Atomic Safety and Licensing Board Panel
U. S. Atomic Energy Commission
Room 1013 - 1717 H Street N.W.
Washington, D.C. 20545

Mr. Frank W. Karas
Chief, Public Prococdings Staff
Office of the Secretary of the

Commission
U. S. Atomic Energy Commission
First Floor, 1717 H Strcot N.W.
Washington, D. C. 20545 (20 copics)

Atomic Safety and Licensing Appeal Board.

U. S. Atomic Energy Commission
10th Floor - 1717 H Street N.W.*

Washington, D. C. 20545

Mr. Lester Kornblith, Jr.
Atomic Safety and Licensing Board Panel
U. S. Atomic Energy Commission
10th Floor - 1717 H Street N.W.
Washington, D. C. 20545

Mr. Roy E. Kinsey, Jr.
U. S. Atomic Energy Commission
7920 Norfolk Avenue
Bethesda, Maryland

Mr . J ames P . Murray, Jr.
U. S. Atomic Energy Commission
7920 Norfolk Avenue
Bethesda, Maryland
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Dr. Dale F. Babcock
711 River Road
Wilmington, Delaware 19809

'

/ ,

Francis S. Irvine
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UNITED STATES OF AMERICA
ATOMIC ENERGY COMMISSION
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Washington, D. C. 20545

John B. Farmakides, Esq., Chairman
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