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LETTER OF TRJuqS ETTAL

In the letter of trancmittal the mcdifications and addi-
tions to the previous application are briefly doncribed.

Significant modificationc to the original application
include:

1. neduction of the volume proposed for;

injection from 120gpm to 19 pm during9
the first five years.

2. More thorough consideration of ponsible
alternativcu to cubcurf ace injection

; than had previously been given. Thic
consideration led to the conclucion
that there are no immadiato practical
alternatives to atorage for the 19gpm

i raffinate wasta stream.
3. The licting of additional provisions'

for monitoring of the injection well
,

and an additional program for monitor-l

i ing of the surface water and challow
! ground water.

4. Statements reflecting a strongcr belief;

i in thc safety of subsurface in3cction
.

cased on adcitiona,. geologic and geo-
, .

1

hydrologic investigationc.
,

f

Some conclusions reached as a result of the additional
studies are:

a. There are five permeable una porous
layers in the Arbuckle Formacion into
which the w stewater will flou. The
total porous volume of those layers is:

I at least 3. 6 :: 10 1C gallonc;
| b. There is no effectivo communication

cotween the five layers;
c. Hydrologic boundaries that occur in

the near vicinity of the injection
well are impermeable boundarica and
leaky faults or fracture nones do not
ci:ict within the area analyzed;

d. The predicted distance to which the
injected fluids will move uithin five
years rangeu from 140 to 900 feet from
the well bore within the five laycrc;

c. The well-head injection pressure will
incroacc only 200pci over the firct
five years.

i 1
.

.|
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I.:!ALYSIS OF JIVISED
APPLICATION J.ND EXHIBITS

Geolocic and ~-drologic

Considera' ans

The basic regional geologic and hydrologic findings that
were prcsonted in the original (1970) application have not
been changed. The extensive program of well testing and
analysis that was carrica out for Kerr-McCuc has provided
new information concerning the proposed injection horizon
(Arbuckle Formation) and its probable responce to wastewater
injection. The Oklahoma Geological Survey has also provided
como uccful geologic information.

The data that have been obtained from the wall testing
program are factual and provide a meanc of determining the
nature of the Arbuckle Formation, and for predicting the
results of long-term wastewater injection. However, the
analysis of the nature of the Arbuckle Formation and the
development of a predictive model allowc fo? conciderabic
latitudo, depending on the assumptions and conclusionc of
the individuals performing the analysis. Scacuce of the
extremely complex nature of the geologic and hydrologic
system involved, it ic not poccible for ma to perforr an
independent analycia of the prchlem in the deprh of that
performed by Kerr-McCac Corporation and its concultants.
Therefore, I have tried to evaluate the report cn itc logic
and consistency and by making simple calculations to test.

the validity of the more cophisticated procedures used by
Kerr-McGee and its concultants.

. .. ,

A. wil., accept, as a working nygothesia, the conclusion
that five permeable zonco are present at the deptha indi-
cated and with the porocitico and permeabilitico listad.
'2his conclucion ic reasonably concictent with log analysis
data provided by the Oklahoma Coological Survey and
the conclusion is relatively concorvative in nature and
much lecc favorable to Kerr-McGeo than the accumptienc uccd
in the 1970 application. I do believe that layerc 4 and 5
are not continuous thick zones of high porocity ac might be
suggested by the application, but about 60 foot intervalc
containing thin one to 10 foot porouc layers. The proba-
bility of such thin layers being widespread is less than
that for thicker layers.

Ohc conclusionc concerning the extent of the five par-
coable layers, the nature and location of hydrologic cound-
aries, the rate of pressure buildup and the distance of

2
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wastewater travel are baced on the studies by H. J. Gruy
and Accociatec.

The basic for the mothods ucmd ay H. J. Gruy and Acco-
ciatec for datormining tac first cac items 11cted above is
well ca tablished, but the threc ;cional analysic of
goohydrologic problenu by the fi difference method in a
relatively roccat develop.nent. ._ _., my opinica that the
validity of the technique used f, analycinq cuch a complex
system as exists in this case ha c.ot been demonstrated with
field examples and, the re fore , ru aina to be tested. I

would not be cacily convinced th c such a r.cac1 ic capable
of defining, with the precision indicated in Exhibit A, the.

nature and performance of the injection horizona. However,
even if the resulto listed in Appendix A can not be relied
upon to the precision indicated, come important conclusions
can be made from the Gruy ctudy.

The well tect data seem to definitely chow that the
lateral extent of the permeabic layers ic restricted by
f aulting or pinch-out of the permeable cones and that
vertical leakage docc not occur. The report acccribes two
lateral barricrc at 1,164 fact in layer 5, and a barrier at
no cloccr than 30,000 feet for layers 3 and 4. The inves-
tigators also apparently believed it necessary to have
boundarica at the distanccc shown in the report for the x-y
dimoncions of all the layers. The necessity for assuming
that all of the layers were completely bounded by lateral
permeability barricrc is not clear. It appearc to me that
it was necessary to introduce them in order to obtain a
mathematical model tnat would produce a recult to match
the actual tout information. This fact in itccif casts
doubt upon the realism of the model, becauce the presence
of cuch an extoncive cet of lancral barriers is not substan-
tiated by any geologic evidence that is procented. The
geologic ctructural map for the top of the Arbuchle "orma-
tion shows two faults that could act as lateral barriarc ,
one at about one mile couthcact of the well and one about
six milec northwest of the well. No fault is shown as close
ac 1,164 feet, nor are any geologic structural fcatures
procent northcact or southwest of the well that could act
as barriers. Although the actual presence of such an
extoncive cet of hydrologic boundarios is ex;remely unlikely ,
the accumption that they crict leads to a concervative
answer (high pressure) in predicting proccure buildup
resultc. The tect data indicate that good vertical confinc-
ment docc oxist in the immediate arca of the well.

On the other hand, from the discussion presentca by
Gruy and Accociatoc, I would not rely upon the recul;c of

3
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| the computer model to disprove the possibility of leakage
through fault concs such as the ones shown on the structural
geologic uap.

No reasoning or calculations arc shown to substantiate
the figures for distance of wastewater travel. As discussed
in my review of the original application, it is generally
considered impossible to make any meaningful estimato of the
direction and distance of fluid travel for formations auch as
the Arbuckle.

[ In summary, I believe that it is probable that perme-
| able zones exist in the Arbuckle Formation with the general

characteristics listed in the application. The presence of
the extensive number of lateral parmeability barriors pro-|

! posed by Gruy and Associatcs is not supported by geologic
| cvidence presented, but the assumption that they exist leads
'

to a conservatively high value for rate of injection pressurc
buildup. Good vertical confinement appears to exist in tho

|
|

immediato vicinity of the well. However, I do not believo
| that the Gruy analysis adequately shows that the known major

f aults are barriers to fluid movement. The figures for
distance of wastewater movement arc not substantiated and

! should not be regarded as reliabic.'

One of the studies provided by the Oklahoma Geological
j Survey is a photogeologic map of the Kerr-McGoo plant and

the surrounding area. The map shows the surface traces of|

the major faults to be located essentially as shown in the
Korr-McGee application, but it also shows some possibic ad-
ditional faults inferred from photogeologic evidence. Of
particular interest are two inferred faults that trend
northwest-southeast, perpendicular to the Carlile School
fault and which, if extended, would pass very close to the

| Kerr-McGoc well (sco attached Xerox copy of a part of the
| map). Such fault zones, if they oxist, could provide sc-
L lectivo avenues for lateral and/or vertical movement of*

I wastewater. They could also be barriers as might be suggest-
| cd by the reservoir studies previously discussed. No direct
j cvidence is procently available to either prove or disprovo.

| the existence of the inferred faults. However, it is common
for carth fractures to occur in such sets, and their exis-
tenco would not be surprising.

,

Wastewater Characteristics and .

Proinjection Treatment Procram

The application requests permission to inject wasto-
water, which would have widely varying composition, but
would be primarily an inorganic nitrate solution composed

4 i
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of one molar free nitric acid and up to 0.51b/ gal of sus- |
ponded solids, tracca of natural uranium, other metals , jtributyl phosphato , and hexano. .

1
I have been bothered by the fact that a specific anal- I

ysis~or analyses of the wasteuator stream has not been I

provided, together with a total description of all of the |chemical components prcsont or likely to be present and !
their rangcc of concentration. This is probably already !

. in the AEC files , but I believe that it is important to !
know all of the chemicals propoucd for injection, including i
nonradioactivo onca, since it is possible that some toxic j
metals could also bc procent. Another item that has not !
been presented is a toxilogical evaluation of the wastewater

!
in varying dilution ranges , since it is the toxicity to |humans that is of principal concern. Probably this would ;
not be necessary for the radioactive clcmonts , but what ;'about the others?

The application discusses the radiological aspects of !
the well, but the discussion is incomplete , because it does |
not include an ovaluation of the fate of the Ra-226, which j
seems to me to be the most objectionable radioactivo com- ,

ponent.

The propoucd wastewater protreatment program includes
solvent extraction of tributyl phosphate and storage in a
holding tank prior to injection. Neutralization of the very
acid wastewater is discussed in page 4 of the letter, but
not included in page IV-2 of the application. I believe
neutralization would be a very uccful step to minimise the
corrosion potential. If it is also stated in the letter '

(p . - 4 ) that neutralized raffinato that is presently being
held in storage would be mixed with new waste prior to '

injection and the resulting product settled to remove pro- !
cipitated impuritics. Again, this step is not discussed in :

*

the application portion. The discussion in Appendix G is
not consistent with cither the letter or the application.. ,

!

Well Location and Design
!

! :

Evidence is presentu2 elative to the location and [
depth of shallow core holcs , w 'or wells , and oil and gas ;
test wells in the vicinity of the Anjection well. Th,c |
cloccat deep test is the Leonard #1 Smith, located about [
two miles cast of the Korr-McGoo wcll on the opposite side !

of the Carlile School fault. Although a show of gas was
encountered in the Leonard #1 Smith, commercial amounts-

of gas were not prcsont, and the hole was plugged.

;
P
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Because of its distance from the injection uell and the fact i

that it has boon plugged, the abandoned well eculd not be
considered to be a migration path for escape of injected "

wastowater.

The coro holcs and water wells are all shallow and do
not completely ponctrate the Pennsylvanian age rocks. These
shallow wells are separated from the Arbuckle Formation by
more than 1,000 feet of intervening deposits of shale,
siltstone, sandstone, and limcatone, which provide an offec-
tive barrier to direct vertical migration in the absence of
unplugged deep wclls or a permoable fault zone.

The well design appears satisfactory. If the wastewater
is not neutralized, the corrosion potential will be so great
that any unprotected surface or defect in the plastic coating
on metal surfaces will undoubtly result in rapid deterioration
of the particular system component.

It is not planned to use filters. If the wastcwater is
not neutralized, then filters are probably unnecessary, since
the nitric acid will continuously react with the formation.
If the wastewater is neutralized, then the use of filters
might be advantageous to prevent loss of permeability due to
plugging by suspended solids.

The well monitoring devices are discussed in Exhibit H.
Most of the available monitoring devices and procedures are
proposed for incorporation with the well. Some devices are
already in place, others would be added if the licenso
applicacion is approved.

Well head injection and casing-tubing annulus pressure
indicators are proposed for inclusion, with automatic trans-
missicn of signals to the control room. It is not stated
that an automatic shut-down and alarm switches would be in-
corporated with those monitors. Provision should be made
for automatic shut down of the well, if predetermined
pressure limitations arc exceeded. A schedule of pressure
limitations , based on Kerr-McGoc's own predicted pressure
buildup curves, should be used. Each of the critical
monitoring elements should be duplicated, so that malfunc-
tion of a sensor or gauge can be detected should it occur.

In the application it is proposed that quarterly reports
be presented to the Commission for evaluation. I suggest that,
if the well is licensed, monthly reports be required during
the first year, with a requirement for immediate notifica-
tien of the Commission in the event of any deviation from
what are agreed as normal operating conditions. A specific
format should be established for the content of the monthly
reports, prior to initiation of operation of the well.

6 '
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In addition to the well monitoring program proposed by
Kerr-McGoc Corporation, a periodic inupacticn of the surface
and subsurface well f acilitics should be scheduled if the
well is licensod. Inspection of all surface facilitics and
monitoring and recording devices should be required several
timos daily, and evidenced in a log. Inspection of the
down-hole equipment should be schedaled, probably semi-
annually. The injection tubing can be inspected with an
appropriate down hole device, or it could be pulled and in-
spected. In any case, an acceptable procedure should be
established to provide for the pulling of tubing and for
work-over or testing of the well. This could be a problem,
since the radioactive fluid in the well will backflow to
the surface when the well-head is opened. The fluid pres-
sure in the Arbuckle Formation is already sufficient to
cause artesian flow, and it will be incroaced during injec-
tien.

t The integrity of the packer and tubing could also be
periodically checked by reducing the casing-tubing annulus

'

pressure to below that in the injection tubing, then circu-
lating out the annulus fluid and monitoring it for radio-
activity.

[
The application (p.-9) mentions a periodic pressuro J

", fall-off test program, but does not specify its nature or
frequen cy . The details of the proposed program should be
specified.'

!

;

, Surface and Shallow Subsurface
Monitoring Procedures

'
I An extensive prog for sampling cf surface waters and

in Exhibit I of the application.shallow wclls is pror a

It is proposed that weekly samples be collected and monthly
analysos performed for cach of the campling locations. The
reason for the wockly sampling with only monthly analysis

'

is not explained.
,

'

The proposed monitoring program is an additional safe-
guard, which should be incorporated, but I would judge it to'

be of minimal value in ovaluating the safety of the injection
program. If leakago from the Arbuckle Formatic7 to the
surf ace or near surface should occur it would not be likely

,

to develop and be observed for many years , and by that time, ,

an environmental hazard would have been established that [
would be difficult or pezhaps even impossible to reverse.

i
.

,

'7i

;
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CONCLUSIONS

1

The interpretation of the regional geologic and hydro-
logic conditions as described in the original Ke.rr-McGee
Corporation application of 1970 has not been changed in the
revised application. Thus, the comments that were transmitted
to Mr. Harmon in my letter dated May 7, 19 70, still apply.

The significance of my original comments has , however,
been modified by new information presented in the revised
application and provided by the Oklahoma Geological Survoy.;

From study of.the additicnal information, I have formulated
the following conclusions:

-

1. The Arbuckle Formation has soveral
discreet permcable zones with an
aggregate thickncss of about 116
foot. Most of the injected wasto-

,

! water will enter these zones.
i 2. It appears that the zonou are not
! cxtensively interconnected. They

are apparently well confined
vertically and vertical escape of

,

| injected wastewater near the wcli

|
would be unlikely.

3. The permeable zones seem to be
|

! very restricted in lateral extent,
| but analysis of the nature and
! location of the lateral boundaries

| as described in Exhibit,A does not
correlate with known geologic
features , and for this and other

j
reasons is considered unreliable.,

I 4. The rate of pressure buildup as

| predicted in Exhibit A is much more
! rapid than would be expected, but
! is still small.
I 5. The predicted distance of wastewater

migration is not considered reliable.
;

| I belicyc it to be impossible to
! make an acceptable estimate because

|
of the geologic nature of the

| Arbuckle Formation.
; 6. It has not been reliably determined

| whether the major known fault systems
*

i are barriers to fluid movement or
I conduits for such movenant. Although

this was attempted, the complexity of
the problem causes the analysis to be
questionable in my opinion.

7. A photogeologic study provided by the
Oklahoma Gcological Survey shows two

8
,.

I

i
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inferred f aults that are perpen- !
dicular to the Carlile School fault |
and which, if extended, would pass
very close to the Kerr-McGoo well.
The significance of those faults is
not known, nor is their existence
proven. However, the occurence of
such additional faults would not be
surprising.

8. The description of the wastewater !
chemistry, to::icity, anc the pro- i

treatment program is incomplete i

and inconsistent. More specific i

observations are contained in the !

analysis section.
9. There is no known hazard of escape

of wastewater from the Arbuckle i

Formation through other abandoned |
doop wells. j

10. The well design appears satisfactory, ;

but if the wastowater is not neu- i

tralised before injection, the
corrosion potential is extremely
high.

11. Filters may be desirable if the
wastewater is neutralized before
injection. !

12. The well monitoring program pro-
posed by Kerr-McGeo contains many
of the necessary featurcs, but
various additional requirements f
arc suggestod in the discussion !
of the well location and design. |

13. The surface and shallow subsurface
monitoring program proposed by
Kerr-McGec should be adopted, if
the well is licensed. However, j

if leakage from the Arbuckle I

Formation to the surface or near
surface should occur, it would
not be observable for many years ,

and would be difficult or in- |
possibic to reverse when it was i

dis covered. i

!
!
'

.

I
t

I

!
t
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POSSIBLE ENVIRONMENTAL IMPACTS
OF WASTEWATER INJECTION

In c'ly case where wastewater is injected into the sub-
surface, the minimal impact will be an increase in under-
ground fluid proscure and displacement of native fluids by
the wastewater. In any case, the projected increase in
pressure, over a five year pariod, is too small to cause
any direct damage by fracturing of the reservoir rocks.
No matter how small, an increase in reservoir pressure will
lead to modification of the natural fluid-flow patterns and,
as suggested in the reviews of the original application,
could stimulato escape of natural brines into other forma-
tions and perhaps ultimately to the surface through fracture
systems. There would probably be no way to resolve an
argument concerning the relative likelihood of escape of
brinos to the surfacc. However, since the total volume of
wastewater to be injected over a five year period is now
caly 50 million gallons, the potential impact is small,
even if injection did cause an equal volume of natural
formation water to flow into surface or shallcw ground waters.

A relatively more serious question is the ultimato fato
of the injected wastowater. Reservoir studios by Kerr-McGoo
Corporation and its consultants indicate that it is unlikely
that injected wastcwater would escape vertically from the
Arbuckle Formation in the immediate vicinity of the well.
This conclusion appears reasonable.

It is estimated in the application that injected wasto-
,

water would not travel more than 900 feet from the well
during five years. I do not belicyc that any accurate esti-
mate of the rate and direction of wastewater movement can be
made in this cacc. Thorofore, an impact would be the intro-
duction into the subsurface of a radioactive wastewater
whose ultimato location can not be reliably predicted.

There do not appear to be any natural resources other
than fresh water and the underground space itself that could |

be damaged by the injected wastewato

Available evidence suggests that escape of the injected !
wastewater to the surface or near surf ace would be unlikely I'

in a few years or even in a few tens of years. However, the
'

ultimate movement of the wastewater to a totally unanticipated
location cannot be ruled out completely because of the r

geologic complexity of tho arca in question.

Other unanticipated environmental impacts could occur as :

a result of accidents or engineering failure of some component i
of the disposal system. The possibility of such unanticipated :
impacts is very small if the proper prccautions arc taken in
system construction and monitoring.

10
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RECOMMENDATIONS
,

,

!

The geologic and engineering aspects and the possibic
environmental impacts of the proposed wastewater injection
well have bcon discussed.

I bolicyc that the decision concerning the proposed
well depends on.

I
i1. The Atomic Energy Cc= mission's !

judgement concarning the rela-
tive merits and disadvantages of (
the other alternativo disposal !
methods available in comparison
with subsurface injection.

2. The relativo benefits of sub-
surface injection to the public
in comparison with the possibic
environmental impacts that have
been outlined.

I recommend that, if the well is licenscd, the monitor-
ing proceduros be modified as outlined in the body of this
review.

1

.

l

11 |
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Mr. Cecil R. Buchanan u910 C l
Materials Branch 9- )-

Directorate of Licensing I JUN211972 " -

United States Atomic Energy Commission accuumsY
'

,7
Washington, D. C. 20545 ggtjTS ,

<| ' h%
'Dear Mr. Buchanan: *

I am in the process of reviewing the application for amend-
ment of Kerr MeGees Corporation's license No. SUB-1010, which
was sent to me by Mr. Malaro on June 2.

Some time age , Dr. Charles J. Mankin, Director of the
Oklahoma Geological Survey at Norman, Oklahoma, advised me that
his agency was involved in some supplementary surface and sub-
surface geological studies of the Kerr McGee plant site in
connection with the proposed injection well. I recently called
Dr. Mankin to determine if these studies were carried out. Some
investigations were performed, and Dr. Mankin will make the

! reports available to me.

I wanted to advise you of these developments, because it is
my opinion that I should review the work done by the Oklahoma

,

Geological Survey as well as that supplied by Kerr McGee. This
will lengthen the time that will be required for the review, but
I still estimate that I will be able to complete the review
before the end of June.

|

| Sincerely yours,

( W |t
*

\)n % ou ~a m
Dj Don L. Warner

[y y Associate Professor
' $ Geological Engineerings
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